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ABSTRACT
Objectives: The aim of the present prospective study was to evaluate, by means of intraoral periapical radiographs and conebeam computed tomography, hard tissue changes after ridge augmentation procedures in posterior extraction sockets with
severe wall defects.
Material and Methods: Twenty patients, with a non-restorable premolar/molar tooth and severe wall defect, were enrolled in
the present study, and underwent single-tooth extraction. Extraction sites were grafted with porcine-derived bone covered by
porcine-derived collagen membrane. Intraoral periapical radiographs and cone-beam computed tomography scans, obtained
at enrolment, and 6 months after ridge augmentation procedures were analysed and compared.
Results: In the intraoral periapical radiographs, mean vertical bone gains detected at the distal, central and mesial aspects of
the extraction sockets were 3.5 (SD 1.1) mm, 8.2 (SD 2.1) mm, and 3.9 (SD 1.7) mm, respectively. In the cone-beam computed
tomography scans, the mean vertical bone gains detected at the more vestibular and more palatal aspects were 4.4 (SD 1.9)
mm, and 3.3 (SD 2.8) mm, respectively. The mean horizontal bone gain was 3.5 (SD 1.6) mm. In all examined defects, mean
vertical and horizontal bone levels showed a statistically significant increase (P < 0.05) at 6 months after extraction.
Conclusions: Within the limits of this study, the results suggest that porcine-derived bone graft covered by a collagen
membrane can support significant vertical and horizontal bone gain at posterior post-extraction sockets with severe wall
defects.
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INTRODUCTION
Experimental studies in human showed that the
spontaneous reabsorption and remodelling processes
involved in bone healing after tooth extraction are
responsible for dimensional reduction of the residual
ridge with a reported average of 3 to 5 mm in width,
and 0.4 to 3.9 mm in height after 6 months [1,2].
Moreover, in presence of periodontal and endodontic
lesions, and/ or root fractures, the immunologic
response to continuous antigenic stimulation from
the root canal or periodontal pocket, creates a chronic
inflammatory process, which often results in bone loss
prior to and after tooth removal [3]. To counteract the
post-extraction alveolar volume loss, different ridge
augmentation techniques (RPTs) have been proposed
[4-12]. Most of the techniques consist of filling the
alveolar socket with different grafting materials with
and without sealing the socket with absorbable or
non-absorbable membranes. A recent literature review
[12] on RPTs indicated that membranes alone might
improve normal wound healing in extraction sites.
The use of membrane alone, translated by the concept
of guided bone regeneration, is aimed to prevent soft
tissues from filling the osseous defect, and to allow the
cells with osteogenic potential to colonize the wound
[13]. However, in extraction sockets with a severe
wall defect and poor volumetric bone support, the use
of resorbable membranes alone is still questionable.
The lack of stiffness and space making properties are
a concern. In these cases, to provide a mechanical
support to the absorbable membranes during the
healing phase, graft materials are indicated [4-12].
The ideal resorbable membrane for RPTs should
exhibit characteristics such as biocompatibility,
dimensional stability, tissue integration at the defect
site, and should act as a barrier to prevent soft tissue
ingrowth [14,15]. Appropriate resorption time of the
membrane is also important, since reabsorption before
new bone formation may cause loss of dimensional
stability, dissipation of bone substitute, and impaired
healing at the defect site [14,15].
Controversies exist in the literature on the graft
material of choice [16,17]. The ideal graft material
should minimize the ridge remodelling, and promote
bone formation as fast as possible to shorten treatment
time. Autogenous bone has always been the “gold
standard“ for grafting procedures [18,19]. However,
its disadvantages include limited amount of available
graft, additional surgical site, donor site morbidity,
and requirement for general anaesthesia in the case
of extraoral bone harvesting [20]. Alternatively,
xenogenic bone has become a widely used biomaterial
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in RPTs, and has been supported by a number of
publications [10]. Among the xenogenic bone grafts,
porcine-derived bone has been recently evaluated for
bone regeneration [21-25]. Porcine-derived bone has
shown excellent osteoconductive properties without
adverse reactions or inflammatory responses [21,2228]. However, controversy remains whether it is truly
resorbable, and whether the presence of residual graft
particles could interfere with the healing process of
bone. Since residual graft particles can be almost
completely incorporated and surrounded by vital bone,
several authors [21,26,29,30] suggested that, once the
biomaterial particles are embedded in mineralized
tissue, they create a dense and hard tissue network
similar to the host bone, providing biologic support.
The hypothesis to be tested in the present study is to
determine if significant vertical and horizontal bone
gain might be obtained in posterior extraction sites
with severe wall defects, treated with porcine-derived
bone graft, and covered by porcine-derived collagen
membrane.
The objective is to radiographically/topographically
analyse and compare the vertical and horizontal
alveolar dimensions before and 6 month post RPT.
MATERIAL AND METHODS
Public domain online software (Raosoft, http://
www.raosoft.com/samplesize.html) was used to
calculate the minimal number necessary for statistical
evaluation. Twenty patients, requiring extraction
of a single premolar or molar tooth and interested
in receiving a dental implant, were enrolled in the
study between September 2016 and December 2016.
The study was approved by the Research Ethics
Committee of the La Sapienza University of Rome
(#4597). Patients gave written consent, and the study
was conducted according to the principles embodied
in the Helsinki Declaration for biomedical research
involving human subjects.
Criteria for inclusion in the study were:
• Age ≥ 18 years;
• Good general health, no pregnancy, no
uncontrolled metabolic disorders;
• Presence of one hopeless premolar/molar tooth
with endodontic treatment failure, root fracture,
advanced periodontal disease, or endo-periodontal
non-treatable lesion (Figure 1).
• Presence of a severe wall defect (absence of
vestibular or lingual/palatal socket wall, or >
50% missing vestibular or lingual/palatal socket
wall) as shown by the radiographs and cone-beam
computed tomography (CBCT) examination.
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Figure 1. Intraoral periapical radiograph: A = before grafting procedure; B = 6 months after grafting procedure.
Vd = vertical distal; Vc = vertical central; Vm = vertical mesial.

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;
• Unwillingness to return for the follow-up
examinations;
• Cigarette consumption > 10 per day.
Treatments were performed by two different surgeons
(RG, LT), who had previously undergone a calibration
surgical session on a sample of 5 patients, treated
with the same surgical technique and not included in
the study. All patients were monitored and examined
clinically every 2 weeks during the healing period
according to standard routine treatments, and recalled
after 6 months for re-examination.
In all patients, intraoral periapical radiographs
were taken before extraction, immediately after
extraction and grafting, and 6 months post treatment;
while cone-beam computed tomography (CBCT)
examination was carried-out before extraction and 6
months later.
At the first clinical examination, the following
parameters were assessed: full mouth plaque score,
full mouth bleeding score, pocket depth, number
of sites with plaque, and number of sites with
bleeding on probing. Tooth mobility according to
Miller’s classification was evaluated. Deep scaling
and root planning with hand- and power-driven
instruments were performed, and residual probing
pocket depths and furcation involvement were reevaluated after 3 months. Non-surgical therapy was
performed to eliminate or reduce inflammation and
http://www.ejomr.org/JOMR/archives/2019/1/e3/v10n1e3ht.htm

remove microbial plaque and calculus deposit around
periodontal tissue and tooth surfaces. Three months
after resolving the acute phase of inflammation, nonrestorable premolar/molar teeth were extracted.
Radiographic examinations
Intraoral periapical radiographs were performed
immediately and 6 months after surgery, with a
paralleling technique using a Rinn film holder with
a rigid film-object X-ray source. For the radiograph
procedures, a silicone index material was fixated to
the residual dentition and a radiograph holder was
constructed for each patient. This technique ensured
that the same position of the radiograph film could be
reproduced at each visit and that the radiograph angle
would not deviate. The radiographs were taken in high
resolution mode (Vista Scan Durr Dental, Durr Dental
Italy S.r.l, Muggiò/Milan, Italy) with a dental X-ray
machine (TM 2002 Planmeca Proline CC, Planmeca
Group Helsinki, Finland) equipped with a long tube
that operated at 70 Kw/7.5 mA. Specialized software
(DBSWIN software, Durr Dental Italy S.r.l, Muggiò/
Milan, Italy) was used for linear measurements. The
vertical measurements were assessed at the mesial,
central, and distal aspects of the extraction socket
(Figure 1). The difference in radiographic vertical
defect depths before extraction and after 6 months was
calculated as the distance between the most coronal
part of the adjacent teeth to the most apical part of
the residual alveolar bone. CBCT examinations were
performed before tooth extractions and after 6 months
(Figure 2 - 4). A CBCT machine operating at 120 kVp
and 5 mA with a resolution of 0.1 x 0.1 x 0.1 mm3, and
software with a slice thickness of 0.1 mm were used.
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Figure 2. Cone-beam computed tomography scans before grafting procedure. A = line drawn at the level of the maxillary sinus floor; B =
line drawn at the level of the most apical part of the residual alveolar bone wall; C = line drawn at the level of the most coronal aspect of the
residual alveolar bone wall; D = line drawn at the vestibular aspect of the residual alveolar bone wall; E = line drawn at the lingual/palatal
aspect of the residual alveolar bone wall; V-VR = vertical; HR-H1 = horizontal/apical; HR-H2 = horizontal/coronal.

Figure 3. Cone-beam computed tomography scans 6 months after grafting procedure. A = line drawn at the level of the maxillary sinus
floor; B = line drawn at the level of the most apical part of the residual alveolar bone wall; C = line drawn at the level of the most coronal
aspect of the residual alveolar bone wall; D = line drawn at the vestibular aspect of the residual alveolar bone wall; E = line drawn at the
lingual/palatal aspect of the residual alveolar bone wall; V-VR = vertical; HR-H1 = horizontal/apical; HR-H2 = horizontal/coronal.

Figure 4. Example of area measured in cone-beam computed tomography scans before and 6 months after grafting procedure. A = line
drawn at the level of the maxillary sinus floor; B = line drawn at the level of the most apical part of the residual alveolar bone wall; C =
line drawn at the level of the most coronal aspect of the residual alveolar bone wall; D = line drawn at the vestibular aspect of the residual
alveolar bone wall; E = line drawn at the lingual/palatal aspect of the residual alveolar bone wall; V-VR = vertical; HR-H1 = horizontal/
apical; HR-H2 = horizontal/coronal.
http://www.ejomr.org/JOMR/archives/2019/1/e3/v10n1e3ht.htm
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Measurement technique used for CBCT scans
In the first CBCT scan (baseline), in each sagittal
section, 3 horizontal parallel straight lines were drawn
at the level of the maxillary sinus floor (A), at the
level of the most apical part of the residual alveolar
bone wall (B), and at the level of the most coronal
part of the residual alveolar bone wall (C). In each
sagittal section, the distance (HR) was measured
in mm, and was chosen as a reference for the most
vestibular straight vertical line (D) and the most
palatal/lingual vertical straight line (E). D and E are
perpendicular to A, B, and C. The (VR) distance
measure between line A and line B was used as a
vertical refence. For horizontal measurements, the
distance between the intersection point of lines D/C
and the most palatal/lingual aspect of the bone wall,
was used to calculate the most apical horizontal
measurement. The distance between the intersection
point of lines D/B and the most palatal/lingual
aspect of the bone wall was used to calculate the
most coronal horizontal measurement. For vertical
measurements, the distance between the intersection
point of lines D/B (bottom of the socket) and the
most coronal aspect of the bone crest, was used to
calculate the vertical measurement V1 = (V-VR). In
the second CBCT scan, at 6 month, similar horizontal
and vertical segment measurements were obtained
using corresponding sagittal section to the first CBCT
scan (same sagittal sections of CBCT at different time
points were identified by the same number). Taking
these segments and their measurements as reference,
the same lines of intersection were traced and
measured. This allowed for comparative evaluation
of H1, H2, and V1 pre- and postoperatively. The
vertical change was considered as the difference of
V-VR measured in pre- and post-CBCT scan. The
horizontal changes were considered as the difference
between horizontal/apical (HR-H1) and horizontal/
coronal (HR-H2), measured at the two timepoints.
Moreover, differences of the area enclosed between
segments H1, H2, and V1, were measured in mm2,
using the same specialized software and compared
between the baseline (pre-operative) and at 6 months
postoperative CBCT scan (Figure 4). Molar teeth
with no preserved interseptal and furcal bone allowed
for measurements at the centre of the extraction
socket with no errors associated with radiographic
interference.
All radiographic/tomographic measurements were
carried out by a single trained examiner who had
previously undergone a calibration session for
radiographic/tomographic assessment on a sample of
5 patients treated with the same surgical technique and
http://www.ejomr.org/JOMR/archives/2019/1/e3/v10n1e3ht.htm
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not included in the study (Kappa test = 0.924; SE of
kappa = 0.04; 95% confidence interval = 0.857 to 1).
Statistical analysis
Data was presented as mean and standard deviation
(M [SD]). Pearson’s Chi-squared test was performed
for comparison between mean vertical and horizontal
bone levels, and mean areas enclosed within
segments used for linear measurements. P < 0.05 was
considered the threshold for statistical significance.
Surgical protocol
One hour prior to surgery, patients received 1 g
amoxicillin and then 1 g twice a day for a week
after the surgical procedure. Surgery was performed
under local anaesthesia optocaine 20 mg/mL with
adrenaline 1:80,000 (Molteni Dental, Italy). The
following surgical procedure was performed:
an intrasulcular incision, extended mesially and
distally to the adjacent tooth, was made for surgical
access. Multirooted teeth were sectioned with a
Lindemann burr (Komet Inc., Lemgo, Germany)
under copious irrigation with sterile saline. Each
root was independently mobilized and carefully
luxated. Attention was given not to damage the
surrounding soft and hard tissues. All sockets were
thoroughly curetted to remove granulation tissue,
followed by rinsing with sterile saline. A periodontal
probe was then utilized to explore the buccal and
the lingual plate, and to determine the depth of the
defect, which had to be in all cases > 50% of socket
wall. After tooth removal and degranulation, a full
thickness dissection was made in the vestibular, or
palatal/lingual aspect of the flap, 2 - 3 mm beyond
the apical extension of wall defect. Then in the
vestibular aspect, the dissection was extended
even more apically with split thickness technique
in order to give enough mobility for repositioning
coronally without flap tension. A highly porous
anorganic porcine-derived bone mineral matrix, with
particle size between 250 and 1000 µm (Miner-Oss
XP®, BioHorizons, Birmingham, AL, USA), was
placed and condensed to fill the extraction socket
ensuring proper space maintenance to support the
membrane. The mucoperiosteal flap was then repositioned and sutured with multiple horizontal
mattress. In each site, the quantity of the xenograft
was determined intra-operatively, taking care to fill
the post-extractive alveolus until reaching vertically
and horizontally the mesial and distal residual
bone peak of adjacent teeth. No overfilling was
performed.
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Table 1. Demographic data of patients, number and position of extracted teeth, and type of lesion
Tooth
#

Total
number

Absence of
vestibular wall,
or > 50% missing

Absence of palatal/
lingual wall,
or > 50% missing

Type of
lesion

Patient ‘s age
(years)

Patient’s
sex

14
15
16
17
24
25
26
27
34
35
36
37
44
45
46
47

2
2
1
1
1
2
1
2
2
2
1
1
2
-

2
2
1
1
1
2
1
2
2
2
1
1
2
-

1
1
1
0
0
1
1
0
0
0
1
-

E - EP
EP - EP
P
P
EP
P - EP
EP
P - EP
P - EP
P-P
EP
P
P - EP
-

62 - 51
49 - 62
57
36
55
48 - 65
61
52 - 66
48 - 59
50 - 57
63
55
42 - 60
-

M-F
M-M
F
M
M
M-F
F
F-M
F-M
M-M
F
M
M-F
-

E = endo; P = perio; EP = endo-perio; M = male; F = female.

A resorbable membrane, Mem-Lok Pliable®
(BioHorizons, Birmingham, AL, USA) was placed
covering the grafted extraction socket, taking care to
extend one border of membrane beyond the apical
limit of wall defect. Stabilization of the membrane
and the underlying graft material was achieved by
using horizontal mattress sutures (4-0 vicryl sutures,
Ethicon, Somerville, NJ, USA), extending from
the apical portion of the facial periosteum to the
palatal aspect of the flap. Final tissue adaptation was
achieved by means of multiple interrupted sutures
without obtaining primary closure of the wound
margins. The sutures were removed after 7 to 10 days,
and signs of complications were checked. Twentyfour hours after the procedure, topical application of
®
iodopovidone (iodine at 10%) gel (Betadine Meda
Pharma, Milano, Italy) with a cotton swab to the site
twice daily for 1 month was advised. The patient was
asked to refrain from chewing on the surgical side and
to perform gentle plaque removal from the site for the
first week. After 1 week, the patient was instructed to
perform meticulous plaque control at the site using
gentle brushing and chemical plaque control with
0.12% chlorhexidine.

measured using intraoral periapical radiographs
at distal, central, and mesial aspects of extraction
sockets are shown in Table 2. Mean vertical bone
gains detected at the distal, central and mesial aspects
of the extraction sockets were 3.5 (1.1) mm, 8.2 (2.1)
mm, and 3.9 (1.7) mm, respectively. Mean changes
in vertical height and in horizontal width detected in
CBCT scans are shown in Table 3. In CBCT scans,
the mean vertical bone gain was 4.5 (0.4) mm, and
the mean horizontal bone gain at the most apical and
most coronal aspects were 0.5 (0.1) mm, 6.5 (0.9)
mm, respectively. The difference of area enclosed
within segments H1, H2, and V1, between pre- and
postoperative CBCT was 61.8 mm2. In all examined
defects, mean vertical and horizontal bone levels
showed a statistically significant increase (P < 0.05) at
6 months after extraction, without difference between
maxillary and mandibular sites.
Table 2. Vertical distances (mm) measured in intraoral radiographic
images

RESULTS
Demographic information of patients, number and
position of extracted teeth, and type of lesion, are
reported in Table 1. Mean changes in vertical heights
http://www.ejomr.org/JOMR/archives/2019/1/e3/v10n1e3ht.htm

Before

6-month
postoperative

Mean (SD)

Mean (SD)

P significancea

Vertical distal

13.6 (2.3)

10.1 (3.4)

< 0.05

Vertical central

20.7 (3.4)

12.5 (2.8)

< 0.05

Vertical mesial

12.7 (2.8)

8.8 (2.5)

< 0.05

Statistically significant at the level P < 0.05, Pearson’s Chi-squared
test.
SD = standard deviation.

a
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Table 3. Vertical and horizontal distances (mm) measured on CBCT
scans
6-month
postoperative P significancea
Mean (SD) Mean (SD)
Before

Vertical

11.1 (2.4)

15.6 (2.8)

< 0.05

Horizontal/apical

1.4 (0.3)

1.9 (0.4)

< 0.05

Horizontal/coronal

1.8 (0.2)

8.3 (1.1)

< 0.05

17.76 (4.1)

79.56 (10.4)

< 0.05

Area (mm )
2

Statistically significant at the level P < 0.05, Pearson’s Chi-squared
test.
CBCT = cone-beam computed tomography; SD = standard deviation.

a

DISCUSSION
The presence of periodontal disease, periapical
pathology, and/or root fracture, often result in bone
loss prior to tooth removal [3]. When associated with
physiological bone reabsorption and remodelling,
the aforementioned issues lead to additional bone
volume reduction after tooth extraction. The 2012
Osteology Consensus Report [9], indicated RPTs
as a mean of counteracting post-extraction volume
loss, and of maintaining a stable ridge volume for
optimizing subsequent implant placement. However,
these procedures could result less effective in
posterior areas in presence of extraction sockets
with severe wall defects. A recent literature review
with meta-analysis of Iocca at al. [10], indicated
that both xenografts and autologous bone marrow
were superior to “no graft” when multiple treatments
were compared. This data confirmed conclusions of
previous literature reviews, reporting the positive
effect of RPTs on the prevention of post-extraction
alveolar ridge volume loss compared to tooth
extraction alone [5-12]. All the reviews highlighted
an important limitation related to methodological
and clinical heterogeneity such as the socket’s
location and morphology. This raises concerns on the
possibility of generating inconsistent conclusions that
may over- or under-estimate the therapeutic potential
of specific extraction socket augmentation techniques,
especially in posterior areas with severe wall defects.
Since CBCT scans have been demonstrated to be
effective in quantifying bone volume [31-32], the
present study aimed to evaluate radiographically the
effectiveness of RPT with a porcine-derived bone
graft and a low resorption rate collagen membrane,
in premolar/molar extraction sites with severe
wall defects. The evaluation of the radiographic/
tomographic measurements underlines the efficacy of
the surgical protocol performed in the present study.
http://www.ejomr.org/JOMR/archives/2019/1/e3/v10n1e3ht.htm
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Both the vertical and horizontal dimensions showed
a statistically significant increase at 6 months. In
particular, in the CBCT scans the mean vertical bone
gain was 4.5 (0.4) mm, and the mean horizontal bone
gain was 3.5 (0.5) mm. To our knowledge, few studies
reported data related to premolar/molar extraction
sockets with severe wall defects. A study by Rasperini
et al. [33], conducted in the posterior area, reported
data only for preserved sockets with four walls intact,
while studies of Sisti et al. [34], Barone et al. [35],
and Wang et al. [36], although related to severely
resorbed extraction sockets, reported data only for
sites in the frontal area. Thus, a comparison of this
study’s results with literature data is not possible. A
systematic literature review with meta-analysis [4]
reported on the difference in treatment effect based
on variations in RPTs. Results indicated that flap
elevation, use of a barrier membrane, and primary
closure, present a beneficial effect on augmentation
of vertical alveolar bone height and horizontal bone
width. Findings of the present study are partially in
agreement with these data, since they showed that the
secondary soft tissue closure and membrane exposure
don’t affect the efficacy of RPT. This result could
be linked to physical and chemical features of the
collagen membrane used in the present study which,
in a preclinical study [37] showed to be characterized
by a resorption rate of 12/16 weeks at the intraoral
implantation site, eliciting a low inflammatory and
foreign body giant cell response. It is hypothesized
that the low degree of inflammation and foreign
body response may result in enhanced tissue
integration and improved wound healing in terms of
minimizing scar-like tissue formation [37]. Moreover,
in the same in vitro study the collagen membrane
showed significantly higher suture pull out strength,
higher stability and higher level of intermolecular
crosslinking compared to conventional collagen
membranes. It is possible to assume that the stiffness
of the resorbable collagen membrane could have
improved the stability throughout the graft material,
and consequently, the quantity of regenerated bone
due to reduced micromotion of the graft particles. It
is known that micromovements between bone and any
implanted grafted material prevent bone formation
and may lead to mesenchymal cell differentiation
to fibroblasts instead of osteoblasts, resulting in the
development of fibrous tissue [38].
The final goal of any grafting procedure should be the
achievement of 100% living bone and a reactive tissue
able to undergo a sustained state of remodelling.
Excluding the autologous bone, which represents the
ideal graft material, [4] extraction sites grafted with
xenografts exhibited less bone volume loss compared
J Oral Maxillofac Res 2019 (Jan-Mar) | vol. 10 | No 1 | e3 | p.7
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to sites with alloplasts (hydroxy-apatite, tricalcium
phosphate, and calcium sulphate) [4]. In the present
study, the healing process of grafted extraction
sockets was not evaluated histologically. However,
a previous histological and histomorphometric
study [23] on extraction sites without severe wall
defects, treated with the same biomaterial used in
the present study, reported a mean percentage of
newly formed bone of 57.43 (4.8)%, and a mean
percentage of residual graft particles of 16.57 (2.8)%
after 6 months. To date, controversy remains whether
residual xenogenic graft particles present in biopsy
samples harvested from regenerated extraction sockets
may influence or interfere with the osseointegration
process of dental implants, and bone-to-implant
contact [39]. The degradation time and ultimate fate
of many commercially available xenogenic grafting
materials at various grafted sites is also not fully
understood. The degradation of xenogenic bone
depends on the processing that can cause variations
in physicochemical properties, hydrophilicity, and
viscoelasticity of the material [40]. More specifically,
the high temperature sintering method leads to
increased crystalline minerals, which imparts a
lower degradation rate compared to low temperature
and chemical treatment methods. Additionally,
the degradation process is influenced by pore
morphology, degree of porosity, pore interconnection,
and granule size distribution [41]. A decrease in pore
connectivity could possibly influence the osteoblasts’
penetration through the porous structure. The degree
of angiogenesis and the resulting flux of nutrient and
of oxygen could also be lower [42]. The porcinederived bone used in the current study is produced
by low temperature treatment method with chemical
removal of organic components. It presents a mean
pore size of 474.26 (76.2) µm, a mean strut thickness
of 121.76 (21.9) µm, a mean pore connectivity of 88 95% and a crystal size of approximately 10 μm [43],
which are similar to those of human bone [44].
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The current study reported preliminary clinical and
radiographic findings at 6 months, but it will follow
the patients for 3 years after implant placement.
Therefore, only the subsequent histological analyses,
obtained from the biopsies at implant sites, could
provide a better understanding of the results obtained.
One limitation of the current study is the low number
of patients enrolled. Another limitation is the absence
of a control group. However, it is important to stress
that, since the predictability and expected outcome of
ridge augmentation in sockets with severely deficient
plates in the molar area remains unknown, case series
such as this one often represent the first line of clinical
evidence, which underscores its clinical value.
CONCLUSIONS
Within the limits of the present study it is possible to
conclude that porcine-derived bone graft covered by
a collagen membrane can support significant vertical
and horizontal bone gain in posterior post-extraction
sockets with severe wall defects. With this treatment,
the clinical quantity of bone regenerated ensures
successful implant placement.
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