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ABSTRACT

Objectives: The present paper reports data of a randomized study aimed to analyse and compare the histologic and
histomorphometric aspects of bone healing in extraction sites covered with collagen membrane alone or associated with
porcine-derived bone graft.

Material and Methods: Thirty patients, with single extraction sockets without severe bone wall defects in the premolar/molar
region, were included. Ten extraction sockets were grafted with porcine-derived bone and covered with collagen membrane
(group 1), 10 sites were covered with collagen membrane alone (group 2), and 10 sites healed spontaneously (group 3). After
4 months of healing, 26 (8 in group 1, 9 in group 2, and 9 in group 3) bone core specimens were harvested for histologic
evaluation, then dental implants were placed.

Results: Sites in the group 1| and in the group 2 showed similar histologic and histomorphometric results without significantly
differences in the percentage of vital bone (57.43% [SD 4.8] vs. 60.01% [SD 3.2]), and non-mineralized connective tissue
22.99% (SD 5.3) vs. 18.53% (SD 6.2). In group 1 a 16.57% (SD 3.8) of residual material was found.

Conclusions: Results showed that the use of collagen membrane alone or associated to porcine-derived bone improves the
healing bone process compared to that of extraction sites spontaneously healed. Moreover, histomorphometric data related to
bone quality, indicated that extraction sites without severe walls defects and with a vestibular bone thickness > 1.5 mm, treated
with a low resorbtion rate collagen membrane alone, do not need more than 4 months for dental implant insertion.
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INTRODUCTION
Studies on animal models and on humans have
demonstrated that, following tooth extraction,

the alveolar socket walls undergo a physiological
resorbtion and remodelling process that results in
a variable reduction of their dimensions [1,2]. To
counteract the post-extraction alveolar volume loss,
different socket preservation techniques have been
proposed. [3-10]. All techniques consist to fill the
resulting alveolar socket with different grafting
materials with and without sealing the socket with
absorbable or non-absorbable membranes [11-
14]. Grafting biomaterials have shown to provide
better mechanical support during the healing and
remodelling phase compared to spontaneous healing.
Moreover, based on their osteogenic, osteoconductive,
or osteoinductive properties, graft materials act as
stimulants or scaffolds for bone growth. To avoid
harvesting an autograft, and thereby -eliminating
additional surgical procedures, xenogenic bone
has become a widely used biomaterial in socket
preservation techniques, and has been supported
by a number of publications [9,10]. Nevertheless,
controversy remains whether xenogenic bone is truly
resorbable, and whether the presence of residual graft
particles could interfere with the healing process.
Since most of the alveolar bone resorption occurs
during the first 3 months of healing [1,2], it is likely
that the use of resorbable membranes alone might
improve normal wound healing in extraction sites, if
the membranes have enough stiffness, space making
properties, and a low resorbtion rate. Recently, it
has been proposed to clinicians a porcine-derived
collagen membrane that in in vitro analysis [15]
showed an initial rate of resorbtion of 12/16 weeks,
and, compared to bovine-derived collagen membrane,
a higher stretching resistance. Therefore, the present
histological study aimed to compare histologically
and histomorphometrically the effectiveness of socket
preservation techniques using a slow resorption
porcine-derived collagen membrane alone, or
associated with porcine-derived bone. Clinical results
of the present randomized study were previously
reported by the same authors [16].

MATERIAL AND METHODS

Thirty patients, requiring extraction of a single
premolar or molar tooth, who were interested in
receiving a dental implant, were enrolled in the
study between September 2016 and December
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2016. Extraction sites to be regenerated were treated

with a porcine-derived resorbable collagen-based

membrane alone with an estimated resorbtion time
of 12 - 14 weeks (Mem-Lok Pliable®, BioHorizons,

Birmingham, Al, USA), or with a porcine-derived

resorbable collagen-based membrane associated to a

highly porous anorganic porcine-derived bone mineral

matrix with a particle size between 250 and 1000 um

(MinerOss XP, BioHorizons, Birmingham, Al, USA).

Criteria for inclusion in the study were:

* Age > 18 years;

* Good general health, no
uncontrolled metabolic disorders;

* Adequate restorative space for implant-retained
restoration;

At least 10 mm alveolar bone height without
impingement on the maxillary sinus or mandibular
canal, detected by intraoral radiographies or cone
beam computed tomography (CBCT) scans.

Exclusion criteria were:

» History of systemic diseases that contraindicate
oral surgery;

* Long-term non-steroidal anti-inflammatory drug
therapy;

*  Oral bisphosphonate therapy;

*  Pregnancy or lactation;

e Unwillingness to return for
examinations;

*  Cigarette consumption > 10 per day;

* Absence of vestibular or lingual socket wall, or
> 50% missing vestibular/lingual socket wall,
detected before surgery by intraoral radiographies
and CBCT scans or during the extractive surgery
using a graded periodontal probe (CP 15 UNC,
HU-Friedy, Chicago, USA).

For further details regarding study population,

recruitment, materials and methods, surgical

procedures and assessed clinical parameters, see

Guarneri et al. [16]. Patients were divided into three

groups of 10 subjects each:

* Group 1: extraction sockets grafted with porcine-
derived bone, and covered with collagen
membrane.

*  Group 2: extraction sockets covered with collagen
membrane alone.

 Group 3: extraction sockets with spontaneous
healing.

The allocation in the group 1, 2, and 3, was randomly

assigned to each patient by computer- generated

random number table. The randomization codes were
stored in password-protected portable computers and
enclosed in sequentially numbered, identical, opaque,
sealed envelopes. The envelopes were opened in
numerical order after tooth extraction. A third operator

pregnancy, no

the follow-up
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not involved in enrolment or treatment of patients
performed data collection. The study had been
approved by the Ethical Committee of University
(Ref. No. 4597).

Histologic analysis

Bone specimens approximately 8 mm in length
(8 in group 1, 9 in group 2, and 9 in group 3) were
harvested 4 months following grafting procedures,
during implant placement surgeries, by means of a
trephine drill with a 2.5 mm internal diameter. They
were immediately fixed in 10% buffered formalin
and embedded in a glycolmethacrylate resin. After
polymerization, specimens were sectioned along
their longitudinal axes to a thickness of 70 microns
(plastic Microtome, RM 2265). Slides were stained
with Trichromic, and Methylene Blue/Basic Fuschin,
and examined using an Olympus B51 microscope
(Olympus America, Lake Success, NY, USA). The
core area of every section (0.1 mm?) was chosen
for histomorphometric analysis and area fraction
percentage of each component in each section was
measured automatically using Bioquant® image
analysis software (R&M Biometrics, Nashville, TN,
USA) and images were captured with a Q-Imaging
camera, 32-0013B-157, RETIGA, Colour 12-
bit. To evaluate bone quality, histomorphometric
measurements were recorded according to the
nomenclature approved by the American Society
of Bone and Mineral Research, and analysed by
a blinded researcher using Ky Plot 2.0 software,
Informer Technologies, Inc. NY, USA.

Statistical analysis

Mean values and standard deviations (M [SD])
were calculated for each parameter. Groups were
compared using a nonparametric Mann-Whitney U
test for unpaired data. All statistical comparisons were
conducted at P < 0.05 level of significance.

Table 1. Demographic data and dependent variables reported for the
three experimental groups

3:33%2122‘::;3& s Group 1 | Group2 | Group3
Patient (n) 8 9 9
Age (years) 20 - 63 19 - 60 21-56
Sex (male/female) 6/2 3/6 5/4
Premolar/molar 4/4 6/3 4/5
Smoking habit (yes/no) 3/5 3/6 2/7

n = number; Group 1 = porcine-derived graft material associated
with collagen membrane; Group 2 = porcine-derived collagen
membrane alone; Group 3 = spontaneous healing.
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RESULTS

Thirty patients were screened for this study. Four
patients were excluded due to vestibular dehiscence
greater than 50% of the length of the vestibular socket
wall detected during the extractive surgery by means
of a periodontal graded probe. A total of 26 patients
(14 males and 12 females with an average age of
46.7, ranging from 20 to 63 years) were allocated to
the study groups of the trial. Eight patients were in
the group 1, and 8 and 9 patients were in the group 2
and 3, respectively. At the end of the survey, 26 bone
specimens were harvested and 26 dental implants
(Laser-Lok Tapered, BioHorizons, Birmingham, Al,
USA) were placed. Demographics and dependent
variables for the three independent groups are
reported in Table 1.

Morphological analysis showed normal trabecular
bone structures without evident inflammatory
infiltrates in groups 1 and 2. Group 1 showed the
highest number of osteoids at different stages of
mineralization (Figure 1 and 2). Group 2 showed
mature trabecular bone organization, with limited
presence of osteoid matrices and connective tissues
(Figure 3 and 4). Group 3 had abundant presence
woven bone, and connective tissues surrounding thin
trabecular organizations (Figure 5 and 6).

Table 2 presents the  histomorphometric
comparative data of the three experimental groups.
Histomorphometrically, in the spontaneously healed
sockets, the percentage of newly formed bone was
48.85 (2.3), and the percentage of connective tissue
was 34.17 (4.1).

Figure 1. Histological micrograph of extraction socket treated with
collagen membrane and porcine derived-bone (trichrome stain,
original magnification x50). Residual porcine bone particles (GR)
surrounded by vital bone (VB) in a remodelling process. Arrows
indicate the osteoid tissue.
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Figure 2. Histological micrograph of extraction socket treated with
collagen membrane and porcine derived-bone (Masson’s trichrome
stain, original magnification x20). Porcine bone particles (GR)
surrounded by immature bone in a remodelling process. Arrows
indicate the osteoid tissue.

Figure 3. Histological micrograph of extraction socket treated with
collagen membrane alone (trichrome stain, original magnification
x20). Presence of vital bone (VB) with mature trabecular
organization.

Figure 4. Histological micrograph of extraction socket treated
with collagen membrane alone (Masson’s trichrome stain, original
magnification x50). Presence of vital bone (VB) with mature
trabecular organization.
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Figure 5. Histological micrograph of extraction socket spontaneously
healed (trichrome stain, original magnification x20). Presence of
vital bone (VB) with thin trabecular organisation surrounded by
connective tissues (CT).

Figure 6. Histological micrograph of extraction socket spontaneously
healed (Masson’s trichrome stain, original magnification x50). Vital
Bone (VB) with abundant presence of connective tissues (CT).

In sites treated with the membrane-alone, the
percentage of newly formed bone was 60.01 (3.2),
and the percentage of connective tissue was 18.53
(6.2), while in membrane and porcine xenograft
sites, newly formed bone represented 57.43 (4.8)%,
and non-mineralized connective tissue 22.99 (5.3)%.
Differences between spontaneously healed sockets
and treated sockets were statistically significant
(P > 0.05), while differences between sockets
treated with membrane alone and membrane and
xenograft were non statistically significant. In sites
treated with membrane and xenogenic bone the
percentage of residual graft material was 16.57 (3.8).
In addition, these sites showed higher percentage
of osteoid tissue/area compared to spontaneously
healed sockets and sockets treated with membrane
alone.
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Table 2. Histomorphometric analysis

Group 1 Group 2 Group 3 Significance,

Mean (SD) | Mean (SD) | Mean (SD) P <0.05
Tt. tissue area (mm?) 14.23 (3.3) 11.39 (2.9) 12.28 (2.1) -
Tt. area of bone (mm?) 6.708 (0.3) 7.061 (0.5) 6.942 (0.7) -
Tt. area of bone graft (mm?) 2.506 (0.6) 0 0 -
% connective tissue/Tt. area 22.99 (5.3) 18.53(6.2) | 34.17 (4.1) 3vs2/1
% bone/Tt. tissue area 57.43 (4.8) | 60.01 (3.2) | 48.85(2.37) 3vs2/1
% graft/Tt. tissue area 16.57 (3.8) 0 0 -
Tt. osteoid area (mm?) 0.568 (0.4) | 0.312(0.2) | 0.284(0.4) 32vs 1
Tt. connective tissue area (mm?) 0.703 (0.1) | 0.871(0.4) 3.943 (0.2) 3vs2/1
Tt. bone marrow area (mm?) 2.048 (0.2) | 2.265(0.2) | 2.134(0.3) -
Tt. bone surface (mm) 92.9 (9.8) 82.95 (8.3) 89.76 (9.7) -
Tt. osteoid surface (mm) 25.94 (3.6) 11.71 (2.4) 9.58 (1.7) 3/2vs 1
% osteoid/Tt. bone surface 21.62 (2.9) 12.06 (2.7) 10.23 (2.1) 3vs2/1
Trabecular thickness (um) 170.3 (14.5) | 181.8(15.9) | 142.4 (11.4) 3vs2/1
Trabecular number (mm™) 3.64 (1.1) 4.21(1.4) 3.89 (0.6) -
Trabecular space (um) 125.5(12.5) | 1243 (11.9) | 112.7 (14.8) 3vs2/1
% inflammatory cells/Tt. tissue area 1 1 1 -

SD = standard deviation; Tt. = total biopsy core.

Group 1, treated with graft and membrane; Group 2, treated with membrane alone; Group 3, spontaneously healed.

DISCUSSION

The present study complements the previously
published clinical study [16] on extraction socket
preservation techniques by reporting on the
histologic and histomorphometric outcomes. Results
showed that the use of collagen membrane alone
or associated to porcine-derived bone improves the
healing bone process, compared to that of extraction
sites spontaneously healed. These outcomes are
in agreement with data reported by other studies
[17,18], and confirm that porcine-derived bone and
reabsorbable membrane are effective in maintaining
the post-extractive ridge volume, compared to
spontaneously healed extraction sites. As previously
reported [16] the comparative clinical results between
the three experimental groups, showed that at 4
months re-entry surgery, extraction sockets without
severe walls deficiencies and with vestibular bone
thickness > 1.5 mm, grafted with porcine-derived
bone and/or covered by collagen membrane have
significantly lower vertical and horizontal bone
changes compared to extraction sockets left to
heal spontaneously. In addition, in type 1 premolar
extraction sockets, based on Juodzbalys et al.
classification [19], with vestibular bone thickness
> 1.5 mm, the use of collagen membrane alone
showed similar clinical results to the use of collagen

http://www.ejomr.org/JOMR/archives/2017/4/e4/v8nde4ht.htm

membrane combined with bone graft. Outcomes
of the present histological and histomorphometric
investigation confirmed the reported clinical data,
and indicated that a collagen membrane with low
rate of resorbtion (12/14 weeks) may be used alone
in extraction socket preservation procedures of sites
without severe wall defects, and with a vestibular
bone thickness > 1.5 mm. The bone biopsies harvested
from these sites revealed a percentage of bone/total
tissue area of 60.01%, a mean trabecular thickness
of 181.8 (15.9) um, and a mean trabecular number
of 4.21 (1.4) for mm™. This result could be linked
to physical and chemical features of the collagen
membrane used in the present study which, in vitro
analysis [15] showed to be characterized by a rate of
resorbtion of 12/14 weeks at the intraoral implantation
site, eliciting a low inflammatory and foreign body
giant cell response. Moreover, the same collagen
membrane showed significantly higher average suture
pull out strength, and higher stability compared to
conventional collagen membrane, that have been
shown to correlate to a higher level of intermolecular
crosslinking. Accordingly, it is possible hypothesized
that the high stability and the low resorbtion rate
may provide the membrane sufficient stiffness and
space making properties, and the low degree of
inflammation and foreign body response may result
in enhanced tissue integration, improving the wound
healing.
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Extraction sockets spontancously healed, at the same
re-entry time, showed a lower percentage of bone/total
tissue area (48.85 %), of mean trabecular thickness
142.4 (11.4) mm, and of mean trabecular number
3.89 (0.6) for mm!, with a greater amount of osteoid
matrix, woven bone, and connective tissue. Based on
comparative histological outcomes, it might be argued
that in extraction sites without severe walls defects
and with a vestibular bone thickness > 1.5 mm, treats
with a collagen membrane with low resorbtion rate,
is unnecessary to wait over 4 months prior to dental
implant insertion. Compared to sites treated with
collagen membrane alone, extraction sites treated with
porcine-derived bone and collagen membrane, showed
at 4 months re-entry surgery a similar percentage of
newly formed bone, of mean trabecular thickness,
and of mean trabecular number, but also the presence
of a 16.57 (3.8)% of residual graft material. Despite
the presence of these residual graft particles, at the
moment of the implant placement, after 4 months,
these sites did not provide clinically the tactile
sensation of drilling into “better” quality bone or
“poorer” quality bone compared to sites without
residual graft material.

The absence of inflammatory cells or foreign
body reaction found in sites grafted with porcine-
derived bone, indicates that this biomaterial is
osteoconductive, and acts as a natural scaffold for new
bone formation. However, the presence of abundant
osteoid tissue, mostly distributed around the residual
graft granules, and the presence of active resorbtion
signs and areas of bone apposition on residual graft
particles, suggest, albeit indirectly, that the resorbtion
and remodelling process could continue in later times,
and could delay the healing process. The final goal of
any grafting procedure should be the achievement of
100% living bone and reactive tissue able to undergo
a sustained state of remodelling. Moreover, the ideal
graft material should be able not only to minimize the
ridge remodelling, but also to promote bone formation
as fast as possible to shorten the treatment time. The
degree of resorbtion of the graft biomaterials has
been related to several factors, among which the pore
size, the pore morphology, the pore percentage, the
connection between pores, the granulometry, and the
interconnectivity [20-25]. These factors influence both
the possibility that a greater number of osteoblasts
can penetrate the porous structure, both the degree
of angiogenesis and the resulting flux of nutrient
and of oxygen. Moreover they could also affect the
level of intimacy between osteoblastic cells and the
graft particles. The porcine-derived bone used in the
present study is characterized by an average pore
size of 474.26 (76.2) um, by a trabecular thickness
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of 121.76 (21.9) um, and by a pore connectivity of
88 - 95%, which are similar to those of human bone
[26]. These features might explain the high resorbtion
rate (83.43%) of the porcine-derived bone founded
in the present study. However, to date, controversy
still remains, whether the porcine-derived bone is
completely reabsorbable [27]. Non-resorbtion might
not only result in shielding of the newly formed
bone from physiological stresses necessary for
further remodelling and maturation, but the presence
of residual graft particles could also influence or
interference with osseointegration process of dental
implants, and bone-to-implant contact [28,29].
Moreover, as suggested by other authors, granules
around the dental implant body could represent a
locus minoris resistentiae in case of peri-implant
infection [30]. Contradictory considerations are
reported in literature on the “biological meaning”
of residual graft particles present in biopsy samples
harvested from regenerated extraction sockets.
Highlighting that the almost complete incorporation
of the residual graft particles in bone creates a dense
and hard tissue network with particles completely
surrounded by vital bone, some authors [17,18]
suggested that, once the biomaterial particles are
embedded in mineralized bone, they acted similarly
to the host bone, providing a similar biologic support.
On the contrary, other authors [31,32] having
identified the presence of multinucleated cells and of
osteoclastic activity around xenogenic bone residual
particles suggested that these may influence the
remodelling process and delay the socket healing.
In order to draw conclusions, more histological
studies are necessary, especially monitoring the long
term results of the implants inserted in regenerated
extraction sites.

This histological and histomorphometric study raises
some questions: how much vital bone and what
degree of bone maturation, are needed to support a
dental implant during healing? Will sites grafted with
porcine-derived bone in time “catch up” and have
a higher percentage of vital bone after the residual
particles have been broken down and replaced, or
these sites will have a higher risk of implant failure if
the residual graft particles will remain in situ? Further
research in these areas is needed to determine the
clinical significance of these findings.

CONCLUSIONS

Within the limits of the present study, histologic and
histomorphometric results showed that the use of
collagen membrane alone or associated to porcine-
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derived bone improves the healing bone process
compared to that of extraction sites spontaneously
healed. Moreover, they showed that there are not
significantly differences in the percentage of vital
bone, mean trabecular thickness and mean trabecular
number in extraction sockets without severe wall
defects and with a vestibular bone thickness > 1.5
mm, treated with a low resorbtion rate collagen
membrane alone, versus sites treated with membrane
plus porcine-derived bone. However, these sites
did show a significantly greater presence of osteoid
tissue, mostly distributed around residual graft
granules, indicating bone still in maturation phase.
In accordance with histomorphometric data related
to bone quality, results indicated that extraction sites

without severe walls defects and with a vestibular
bone thickness > 1.5 mm, treated with a low
resorbtion rate collagen membrane alone, do not need
more than 4 months for dental implant insertion.
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