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Abstract

Aim The present study evaluated the clinical and radio-
logical stability of hard and soft tissues following alveolar
socket preservation (ASP) procedure with a follow-up of
5 year from implant insertion.

Materials and methods The initial sample consisted of
seven patients who underwent single tooth extraction and
ASP procedure by means of demineralized bovine bone
mineral particles covered with a porcine-derived non-
cross-linked collagen matrix (CM). Each patient received a
submerged single implant in the healed site. Mesial and
distal peri-implant marginal bone resorption (MBR) rates
were assessed radiographically at 1 year (7)) and 5 years
(T,) after implant placement (baseline value).

Results and Statistics No dropouts occurred up to 5 years.
At Ty, the MBR was 0.08 = 0.16 mm at the mesial aspect
and 0.1 &+ 0.12 mm at the distal aspect. This difference
was not statistically significant (P = 0.867). At 75, the
mesial MBR was 0.15 £ 0.17 mm and the distal MBR was
0.11 £ 0.14 mm, with a non-statistically significant dif-
ference (P = 0.532). Therefore, no statistically significant
differences were detected comparing mesial and distal
MBR at any time point. With respect to the intra-group
comparisons, no differences were observed comparing the
different study periods within each variable. Indeed, the
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comparison between Ty, 7| and 7, was non-statistically
significant at both mesial (P = 0.06) and distal (P = 0.06)
aspects. After 5 years, the volume of the soft tissues
appeared clinically well maintained with a natural aspect
around dental implants and adjacent teeth.

Conclusion ASP using demineralized bovine bone mineral
in combination with CM proved to be an effective tech-
nique to maintain stable dimensional volumes of both hard
and soft tissues.

Keywords Bone regeneration - Bone substitutes - Socket
preservation - Tooth loss - Mucograft-seal

Introduction

Following tooth loss, a physiological remodeling process
of hard and soft tissues might occur. This results in a
dimensional shrinkage of the alveolar ridge in both height
and width, depending on multiple aspects [1]. The signif-
icant number of factors involved in the healing of empty
sockets leads to a substantial variability of clinical sce-
narios. Accordingly, the shrinkage of the alveolar process
may prevent implant placement in a prosthetically driven
position, jeopardizing the functional and aesthetic out-
comes of the prosthetic rehabilitation. Thus, ridge preser-
vation treatment protocols have been advocated to
minimize the inevitable alveolar bone resorption and to
ensure the support of an adequate ridge profile. Alveolar
socket preservation (ASP) procedure is generally charac-
terized by the placement of a grafting material in the socket
of the extracted tooth, with or without the use of barrier
membranes or autogenous soft tissue grafts to protect the
graft. The said technique aims to preserve or improve the
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original ridge dimensions and to allow an ideal implant
placement.

The use of deproteinized bovine bone mineral (DBBM)
as grafting material during ASP procedures has been
widely investigated in clinical and preclinical studies [1, 2].
L histological study performed on humans proved that,
after six months from its placement in fresh extraction
sockets, the DBBM delayed healing, but on the other hand,
facilitated the preservation of the edentulous ridge [3]. This
was corroborated by the comparison between grafted and
non-grafted sockets. A significant reduction in dimensional
bone loss has been observed when post-extractive sockets
were filled with bone substitutes [4]. The key factor of the
technique must be identified in the slow resorption rate of
DBBM granules. These particles can still be observed in
the grafted site after 7 months from the ridge preservation
[5]. Carmagnola et al. observed an adequate quality and
quantity of alveolar bone required for a correct implant
placement after a healing period of 9 months following
ASP procedures [6]. It can therefore be stated that DBBM
plays a pivotal role in the preservation of hard tissues. The
same importance must be addressed on the soft tissue
coverage of post-extractive sockets. Soft tissue manage-
ment should aim at maintaining an optimal gingival con-
tour of the implant-supported restoration, along with
biological and functional demands. The use of autogenous
soft tissue grafts to cover the socket is associated with
several disadvantages, such as the need for a secondary
site, risk of graft necrosis, aesthetical discrepancies with
the neighboring tissues at the recipient site, increased
operative time and patient morbidity [7]. Conversely, the
use of xenogeneic collagen matrices to seal the grafted
socket and preserve soft tissue volumes showed more than
the promising results [8]. A new xenogeneic, porcine-
derived non-cross-linked bilayered resorbable collagen
matrix (CM) consisting of pure type I and III collagen has
been recently introduced in the field of soft tissue regen-
eration [9]. A safe integration of the CM with no sign of
inflammation has been observed clinically and histologi-
cally. The placement of the CM induced a greater width
and thickness of the keratinized mucosa together with a
better color match compared to the spontaneous healing
[10, 11]. The use of the CM for ASP procedures in asso-
ciation with a biomaterial provided the encouraging results
in terms of soft tissue preservation and ridge resorption in
all directions [12, 13].

While most of the studies focused on the early healing
of ASP procedures, medium- and long-term evaluations of
MBR around implants placed in preserved sockets remain
still lacking. A recent meta-analysis found better outcomes
in terms of MBR in grafted compared to not grafted sites
[14]. However, it has also been stressed how the included
studies showed wide heterogeneity with respect to study
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design, statistical analysis and population, together with a
limited follow-up.

Moreover, different techniques and biomaterials have
been investigated, sometimes leading to the contrasting
results [15]. In a recent retrospective study, preserved and
non-preserved sites showed similar success rates of 51%
and 58%, respectively; however, the patient population
included also smokers, diabetic subjects and patients
diagnosed with peri-implantitis [16]. Furthermore, the soft
tissues evaluation and management have not always been
considered. Cosyn et al., together with the need of ridge
preservation, evaluated the concomitant possibility to use a
connective tissue graft harvested from the palate, showing
better outcomes in terms of MBR and aesthetics [17].
However, not many other studies investigated this option,
or the use of soft tissue substitutes such as collagen
matrices.

In view of the above, the aim of the present study was to
evaluate the marginal bone resorption (MBR) around
dental implants placed in sites preserved with DBBM
covered with CM over a 5-year follow-up.

Methods
Study Design

The present study was designed as a clinical and radio-
logical prospective evaluation conducted in a cohort of
patients previously treated with ASP procedures between
January 2014 and January 2015 in a university setting as
described by Maiorana et al. [18]. The study was approved
by the local institutional review board, and it was con-
ducted according to the principles articulated in the Hel-
sinki Declaration of 1975 for biomedical research
involving human subjects, as revised in 2000. All patients
were informed about the nature of the study and gave their
written consent.

Patient Population

All subjects initially included were non-smoking patients
with > 18 years of age, with no local or systemic con-
traindications to implant surgery. Clinically, patients had to
present with a hopeless tooth in the upper jaw between the
second premolars that required extraction and immediate
replacement with an implant. All extraction sites had
adjacent teeth present. Subjects were excluded in case of
concomitant acute infection or presence of pus in or close
to the site intended for extraction. Patients were also
excluded if the cortical walls of the alveolus were not intact
upon probing following tooth extraction.
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Alveolar Socket Preservation Procedures

All preoperative and surgical phases were explained in
detail in a previous publication [18]. In brief, professional
oral hygiene procedures were performed one week before
the scheduled surgical procedure. Tooth extraction was
carried out with a flapless minimally invasive approach
taking care to preserve the adjacent soft tissues and the
bone walls. De-epithelialization of the inner layer of the
gingival walls at the socket orifice was conducted with a
diamond bur under copious irrigation with sterile saline to
increase the blood supply by exposing the vascularized
lamina propria. At this point, DBBM particles (Bio-Oss®,
Geistlich Pharma AG, Wolhusen, Switzerland) were graf-
ted in the empty socket up to the coronal portion of the
alveolar bone. The bone substitute was finally covered with
a porcine-derived non-cross-linked resorbable CM sutured
with non-resorbable 6-0 simple interrupted stitches to seal
the grafted socket.

Implant Placement Procedures

After a healing period of 6 months, a full-thickness flap
was raised and implant bed preparation was performed in
accordance with the protocol provided by the manufac-
turer’s instructions. The implant was placed at the bone
level, the cover screw was connected to the fixture, and a
first-intention healing was accomplished with 4-0 simple
interrupted suturing (PROLENE®, Ethicon Inc., Somer-
ville, NJ, USA).

Radiological Evaluation

Before tooth extraction, a film holder (Rinn® XCP,
Dentsply, York, PA, USA) customized directly in the
patient’s mouth using auto-polymerizing acrylic resin was
made to reproduce the same position of the film each time
relative to the teeth adjacent to the surgical site, thereby
obtaining superimposable dental radiographs at different
intervals.

For the radiographic assessment of the mesial and distal
MBR, the intraoral peri-apical radiographs taken immedi-
ately after implant insertion were used as the baseline
radiological reference (7,). To evaluate the MBR over
time, additional intraoral peri-apical radiographs were
taken after 1 year (77) and 5 years (7,) from implant
placement with the same customized film holder.

The peri-apical radiographs were taken perpendicularly
to the long axis of the alveolus with a long-cone parallel
technique using the patient-specific customized film holder
in order to increase the degree of reproducibility and to
standardize the projection geometry between the pair of
serially acquired images. Thereafter, the radiographs were

scanned to obtain standardized digital images with a res-
olution of 1200 dpi. These images were imported and
superimposed using specialized computer software (ImageJ
1.49v, Research Services Branch, National Institute of
Health, Bethesda, MD, USA). The calibration of the pixel/
millimeter ratio was performed on the basis of a known
distance (i.e., the length of the film), which was 41 mm in
each radiograph.

The MBR was calculated as the distance between the
most apical bone-to-implant contact visible in the scanned
images and the implant-abutment connection level.

Statistical Analyses

Statistical analyses were performed using IBM SPSS
Statistics 24.0 (IBM Corp, Armonk, NY), adopting the
implant as the statistical unit. Descriptive statistics of the
measured continuous values were used to explore the
marginal bone resorption (MBR) at the mesial and distal
aspects, including mean =+ standard deviation and 95%
confidence interval (CI). The Shapiro—-Wilk test was used
to assess the normality of data distribution. Because the
distribution of the data met the requirements for normality
and homogeneity of variance assumptions (P > 0.05),
quantitative data were analyzed using parametric tests. An
independent-sample t test was used to compare mesial and
distal marginal bone resorption at each time point inde-
pendently. One-way analysis of variance was used to
compare the mean marginal bone resorption at different
study periods within each group. The level of significance
was set at 0.05.

Results

A total of seven patients were originally enrolled in the
present prospective study. An additional patient fulfilled
the inclusion criteria and was therefore included. Overall,
eight patients completed the study. No surgical complica-
tions occurred and the healing proceeded uneventfully.
During the entire study period from implant insertion up to
the last follow-up visit, no biological or prosthetic com-
plications occurred. All the patients were evaluated radio-
logically at T, (Fig. 1), T; (Fig. 2) and T, (Fig. 3). The
modification of marginal bone levels is reported in Table 1
and illustrated in Figs. 4 and 5.

At T, the MBR was 0.08 &= 0.16 mm at the mesial
aspect and 0.1 £ 0.12 mm at the distal aspect. This dif-
ference was not statistically significant (P = 0.867). At T5,
the mesial MBR was 0.15 £ 0.17 mm and the distal MBR
was 0.11 £ 0.14 mm, with a non-statistically significant
difference (P = 0.532). Therefore, no statistically
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Fig. 1 Radiological evaluation at baseline

Fig. 2 Radiological evaluation at 12 months from the ASP procedure

Fig. 3 Radiological evaluation at 5 year from the ASP procedure

significant differences were detected comparing mesial and
distal MBR at any time point.

With respect to the intra-group comparisons, no differ-
ences were observed comparing the different study periods

@ Springer

Table 1 Marginal bone resorption recorded in mm at the mesial and
distal aspect of each implant at Ty, Ty, and T,

Patient ID T, T, T

Mesial Distal Mesial Distal Mesial Distal
ASP#1 0 0 0 0 0 0
ASP#2 0 0 0.538 0.28 0.543 0.346
ASP#3 0 0 0 0 0 0
ASP#4 0 0 0 0 0.146 0
ASP#5 0 0 0 0 0.284 0
ASP#6 0 0 0 0.154 0 0.154
ASP#7 0 0 0.095 0.338  0.255 0.357
ASP#8 0 0 0 0 0 0

within each variable. Indeed, the comparison between T,
T, and T, was non-statistically significant at both mesial
(F =3.137; P=0.06) and distal (F = 3.136; P = 0.06)
aspects (Fig. 6).

After 5 years, the peri-implant soft tissues appeared
clinically healthy and well-integrated within the sur-
rounding tissues. Soft tissue volumes and colors were more
than adequate resulting in a good aesthetic as shown in
Figs. 7 and 8.

Discussion

Preservation of alveolar sockets is a surgical technique
developed to preserve hard and soft tissue volumes after
dental extraction for implant placement purposes. Even if
socket intervention therapies might reduce the dimensional
remodeling of the alveolus, resorption cannot be prevented
or stopped in any case [19]. This has been clearly pointed
out in a previous study that investigated histologically the
bone healing in sites treated with ASP procedures at
6 months after tooth extraction [18]. The sockets were
grafted with DBBM and covered with a bioabsorbable
porcine-derived CM. Radiographically, the dimensions of
the grafted sockets remained nearly stable, as highlighted
by a mean resorption in height and width of 0.46 mm and
1.21 mm, respectively [18]. This was consistent with a
similar trial where ASP was obtained with DBBM and
bioabsorbable collagen membranes. The authors observed
how the original ridge dimensions were maintained up to
92.74% after a healing period of 4 months [20]. Similarly,
a recent retrospective analysis recorded a volume loss of
9.9% when the ASP was performed with DBBM covered
by a resorbable collagen barrier and left to heal for
6 months [1]. Several reviews already clarified how the
horizontal bone loss is, in general, more pronounced
compared to the vertical remodeling [21, 22]. It can be thus
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concluded that ASP procedures may reduce horizontal and
vertical ridge alterations compared to non-grafted sockets
[23]. This finding was confirmed by a recent meta-analysis
showing how ASP could preserve approximately 1.31 mm
to 1.54 mm of bone width and 0.95 mm to 1.12 mm of

bone height at 6 months [8]. In particular, if compared to
spontaneous healing, ASP by means of DBBM and CM
showed significantly less reduction in ridge width
(4.48 £ 0.65 mm versus 1.04 £ 1.08 mm, respectively)
and height (1.54 &£ 0.33 mm versus 0.46 £ 0.46 mm,
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Fig. 6 Box plot illustrating the
overall mesial and distal MBR
according to each study period
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Fig. 7 Transmucosal portion of the soft tissues after 5 years of
maturation following implant insertion

respectively) [20]. Not only the bucco-lingual/palatal
dimension, but even the mean vertical ridge resorption is
generally more pronounced in the control sockets com-
pared to preserved sites [24]. Therefore, it is safe to assume
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Fig. 8 Buccal aspect of the final restoration after 5 years following
implant insertion

that fresh extraction sockets filled with DBBM fared better
in terms of buccal plate resorption than non-grafted sockets
[25].

The management of the buccal plate is of paramount
importance in consideration of the aesthetic outcome of the
implant therapy. A facial bone thickness of less than 1 mm
has been related to a greater vertical bone loss [26].
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According to this, grafting the socket with an osteocon-
ductive biomaterial would reduce the loss of the buccal
plate and the resulting drawbacks in implant treatment.
Several clinical results have been validated by histological
and histomorphometric analyses [1, 3, 6, 27].

According to Cardaropoli et al. [20], ASP enabled the
maintenance of most of the original ridge dimensions and
allowed implant placement without the need for bone aug-
mentation. This might be related to the use of a low resorption
rate bone substitute that enables the volumetric preservation of
the grafted site and promotes hard tissue formation by acting
as a scaffold with osteoconductive characteristics.

The preservation of the hard tissue must be accompanied
by the correct management of the overlying soft tissues to
obtain optimal aesthetic outcomes. To reduce patient
morbidity at donor site in case of soft tissue autografts,
collagen matrices of porcine origin have been introduced as
soft tissue substitutes. Such resorbable matrices aim to
increase the width of keratinized gingiva with the results
comparable to those obtained with connective tissue grafts,
but with a significantly lower patient morbidity [10, 28].

Furthermore, collagen matrices showed accelerated wound
healing compared to spontaneous healing, providing at the same
time better color matching and less wound sensitivity [11].

All of these considerations concerning preservation of
hard and soft tissue volumes were validated in the present
cohort of patient with positive outcomes [18]. Healing of
the sockets following ridge preservation occurred without
complications, and the exposed portions of the membranes
were slowly replaced by mature keratinized tissue in two
postoperative months. The re-epithelialization of the graft
was also improved by de-epithelializing the soft tissue
walls of the socket to favor the nourishment and revascu-
larization of the CM.

Hence, the present study aimed to evaluate the stability
of mesial and distal peri-implant marginal bone levels up to
5 years from implant placement in preserved sockets. The
results coming from the comparison between T, and T,
showed an average bone loss of 0.15 &+ 0.17 mm and
0.11 £ 0.14 mm at the mesial and distal aspects, respec-
tively. An increased bone loss was observed between
implant placement and 12 months, stabilizing thereafter up
to 5 years, with no statistically significant differences
between the different study periods. It must be noted at this
point, the evaluation of ASP outcomes with follow-up
longer than 12 months is extremely lacking in the litera-
ture. Marconcini and coworkers in a 4-year evaluation
observed survival and success rates of 100%, defining the
success as radiographic bone loss lower than 1.5 mm
during both the first year of function and the following
follow-up periods [29]. Interestingly, a recent meta-analy-
sis concluded that survival and success rates and marginal
bone changes around dental implants placed in preserved

sites were similar to that of implants placed in untreated
sockets [30]. However, only trials with a follow-up equal
or shorter than 12 months were examined. Wey et al.
evaluated three patients who underwent implant placement
following ASP in molar sockets with advanced periodon-
titis [31]. In the radiological evaluation, they observed an
average marginal bone loss of 0.43 mm (range
0.25-0.6 mm) at 1-year post-loading and up to 0.51 mm
(range 0.33-0.75 mm) after a follow-up period of
30 months. These values, even if still comparable, are
slightly higher than those obtained in the present study.
The reduced sample and the advanced periodontitis status
of the patients at the recruitment might explain the vari-
ability of these outcomes.

Conclusions

From the results obtained in the present study, it can be
concluded that ASP with DBBM and CM is able to
maintain stable peri-implant marginal bone levels up to
5 years from implant insertion.
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