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ABSTRACT
Aim Different types of biomaterials and surgical techniques
are currently used for the augmentation of atrophic ridges in
view of implant supported restorations. The aim of this study
was to clinically and histologically evaluate the combination
of Concentrated Growth Factors (CGF) and xenogeneic bone in
vertical and/or horizontal ridge augmentation.
Materials and methods Seven patients (3 males and 4
females), who required oral implant and ridge augmentation
surgery, were selected: 3 implants were placed during the
surgery and 4 implants were inserted 4 months later, in order
to allow complete graft integration. All implants were loaded
after a 4-month healing time. The following parameters
were assessed: a) the capability of CGF to permeate the bone
scaffold; b) the degree of bone regeneration; c) the clinical
success rate.
Results The results obtained showed that: a) with the used
medical device porous bone scaffolds can be effectively
permeated by the CGF; b) the permeated grafting material
resulted in effective bone regeneration, as confirmed by
histomorphometric analysis; c) all implants were successfully
in function at the 12 months follow-up.
Conclusion This technique can be safely performed in the
dental office under local anesthesia, so it can be considered a
viable option in bone regeneration surgery.

Keywords Bone regeneration; CGF; Horizontal ridge augmentation;
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INTRODUCTION
The rehabilitation of partially and totally edentulous
arches with osseointegrated implants is now a common
practice supported by reliable long-term results (1-11). In
some cases the anatomy of the edentulous ridges may be
unfavourable to implant placement: large bone defects,
in fact, may make the insertion of implants difficult or
impossible due to insufficient bone volume. Currently,
major bone defects can be filled using different surgical
techniques (12, 13) in combination with the use of
autografts, allografts and xenografts, as well as different
types of natural and synthetic biomaterials (6,14-17). The
grafting procedure using autologous bone is considered
the gold standard, owing to the osteogenic capacity and
the absence of antigenic response. However, it has some
disadvantages, namely increased morbidity and limited
availability of donor site. Therefore, biomaterials of
different origin have been proposed as bone substitutes to
overcome these limitations. In literature, there are several
studies comparing the use of autologous bone with other
bone substitutes; in particular, xenogeneic biomaterials are
reported to be as clinically efficient as autologous bone,
even if their biological behaviour can significantly vary
according to their origin (porcine, bovine, equine) and
their macro- and micro-structure, thus affecting the bone
regeneration process (17-23).
In the last years the use of platelet preparations, alone
or in combination with other biomaterials, has proven
to be a good regenerative option (24-25). Concentrated
Growth Factors (CGF) are platelet concentrates containing
autologous growth factors together with blood cells (26)
that are reported to promote bone regeneration (27). As
other platelet concentrates, CGF are isolated from whole
blood samples with a simple and standardized protocol
by means of a specific centrifuge, without the addition of
exogenous substances. The main characteristic of CGF is
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its consistency: it is an organic matrix rich in fibrin and,
therefore denser than other platelet concentrates; this
characteristic makes it suitable for different uses, alone
or in combination with other materials, as filler or as a
scaffold for synthetic and biological membranes. CGF can
be mechanically mixed with different biomaterials, in the
form of granules or blocks, using a special medical device.
The purpose of the present study was to standardize a
surgical technique, that can be performed in any dental
practice under local anaesthesia, through the assessment
of the following parameters: a) ability of xenogeneic
bone blocks to be permeated by CGF; b) amount of bone
regeneration; c) clinical success rate.

MATERIALS AND METHODS
Patient selection and surgical planning

In this study, 7 patients (3 males and 4 females aged
between 45 and 63 years old) who needed oral surgery
rehabilitation (4 in the maxilla and 3 in the mandible)
were enrolled. Patients were selected according to the
following inclusion criteria: patients in good general
health and not heavy smokers (<10 cigarettes/day),
who gave written informed consent for implant surgery.
Subjects who had absolute contraindications to surgery
were excluded. Two operators (EG and AP) performed
surgeries: the treatments described were performed in
their private practices, after a written informed consent
was signed by each patient, following the Declaration
of Helsinki principles. The materials and equipment used
have been marketed for a long time, and there is no
conflict of interest on the part of the authors.
One month before surgery each patient underwent scaling
and root planing, combined with motivational sessions
and oral hygiene education. Radiographic evaluation was
performed before surgery, 1 month after surgery and
every 6 months after prosthetic loading.
Patients were divided into two groups: in Group 1 (3
subjects) implants (SPI; Alpha-Bio Tec, Israel - Ankylos;
Dentsply, Bologna, Italy) were placed during oral surgery
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session (simultaneous implants); in Group 2 (4 subjects)
implants (SPI; Alpha-Bio Tec, Israel - Ankylos; Dentsply,
Bologna, Italy) were placed 4 months after surgery
(delayed implants), when full graft integration was
achieved. Two implants diameters were selected (3.3 and
3.5 mm), in order to be easily contained in the graft, and
their length was proportionate to the anatomical site. In
addition, a pre-surgical 3D measurement was performed
to evaluate bone volume and quality.

Preparation of CGF and permeation process
of biomaterial

Venous blood samples (4 samples of 9 ml) were obtained
from each patient. Each blood sample was centrifuged by
means of a specific device (Medifuge MF200; Silfradent srl,
Italy) in order to obtain the CGF (Fig. 1), according to the
manufacturer’s instruction. For the permeation process,
the whole CGF obtained was mechanically mixed with the
blocks of collagenated xenogeneic biomaterial (Sp-Block
OsteoBiol® and C-Block; Tecnoss, Italy) using the Round
Up device (Silfradent srl, Italy). The permeated blocks
(Fig. 2) were then placed: Sp-square blocks were used
for horizontal ridge augmentation, whereas C-cylinder
blocks were used for vertical bone augmentation.

Surgical procedure

Local anaesthesia (plexus block) was administered
(articaine 4% with epinephrine 1:100,000). A full
thickness flap was raised to allow site evaluation and
selection of bone block size. Bone decortication in the
recipient site was performed to help graft integration.
After preparing the surgical site, the Sp-Block or
C-Block combined with CGF was placed and fixed with
osteosynthesis screws (Fig. 3A, 4A) or by means of the
implant itself, depending on the simultaneous or delayed
protocol used. Flap mobilization was achieved with
periosteal incisions; marginal gaps were filled with slow
resorbable material, mixed with CGF. Finally, a resorbable
membrane (OsteoBiol ® Evolution; Tecnoss, Coazze, Italy)
was placed (Fig. 3B) and the site was sutured without
tension. The patient was instructed to apply ice during
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fig. 1 CGF preparation using the centrifuge device. A. Centrifuge device; B. Tube loading and balancing; C. Tubes after centrifugation; D. CGF isolation.
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fig. 2 Permeation of C-Block using Round Up device. A. Round Up; B. Scaffold; C. Placement of CGF in the holder of Round Up; D. Placement of the scaffold in
the holder of Round Up; E-F. C-Block permeated with CGF.
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fig. 3 A. Placement and stabilization of SP-Block; B. Protection of the graft with the membrane; C. Radiographic examination of the bone block.

the first 12 hours and to follow a soft diet throughout
the first month; antibiotics and nonsteroidal antiinflammatory drugs (NSAIDs) were administered.
Loading of simultaneous implants with temporary
prostheses, and subsequently with permanent ceramic
prostheses, was achieved about 4 months after implant
placement. Delayed implants were inserted after complete
graft integration (about 4 months after surgery); during
preparation of the implant site a bone core was harvested
for histomorphometric analysis, using a 2 mm trephine
bur before the final drill to insert the implant (Fig. 5);
loading was achieved 4 months after implant placement.

Clinical and histomorphometric analysis

Treatment success was evaluated through both clinical
examination (lack of mobility and pain, no bleeding on
probing) and radiographic examination to assess bone
structure (Fig. 3C, 4B, 4C).
Histomorphometric analysis of the bone cores obtained
during implant site preparation was performed by the
Department of Anatomy and Physiopathology, University
of Brescia, Italy. All bone samples were fixed in 10%
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neutral buffered formalin, decalcified with Osteodec
(Bio-Optica, Italy) and paraffin-embedded according to
standard procedures; 7 μm thick sections were cut by
microtome and stained with haematoxylin and eosin (BioOptica, Italy) (Fig. 6). The histomorphometric analysis was
performed using an optical light microscope (Olympus,
Germany) by operators blinded to the assigned group.
Digital images of slices (five fields for each sample) were
analyzed by means of a specific software (Image Pro-Plus
4.5.1, Immagini e Computer, Italy), able to quantify the
ratio of newly formed bone (NB), non-mineralized tissue
(n-MT) and residual graft (RG). Histomorphometric data
were reported as mean ± standard error of the mean (SEM).

RESULTS
The histological findings showed that porous bone blocks
could effectively be permeated by CGF, using the Round
Up medical device (Fig. 7).
Histomorphometric analysis of bone sample (Fig. 8)
showed the presence of trabeculae of newly formed
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fig. 4 A. Placement and stabilization of C-Block; B. Radiographic examination of the bone block; C. Radiographic examination of the implant.
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fig. 5 A. Implant site preparation using a core drill;
B. Implant site; C. Bone core;
D. SPI implant (Alpha Bio) placement;
E. Radiographic examination of the implant.

bone (NB), together with non-mineralized tissue (n-MT),
and residual bone graft (RBG). Quantitative data of NB,
n-MT and RBG are shown in Table 1. Concerning clinical
success rate, all implants were successfully in function
after a 12-month follow-up. No implant mobility, no pain
nor bleeding on probing were detected. Radiographic
examinations also showed good implant integration in
both types of graft. In addition, the specific shape of
the used implants ensured significant implant stability,
although only the apical third of them was used as
anchorage during the healing phase.

A
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DISCUSSION
Different techniques and biomaterials are now available
for the augmentation of atrophic ridges before implant
surgery (1-25); however, an ideal procedure does
not exist. The oral surgeon has to choose the best

fig. 6 A. Bone core;
B. Histological analysis:
haematoxylin-eosin staining. 2X
magnification.
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fig. 7 A Histological aspect of C-Block permeated with CGF, 1.25 magnification; B-c Enlargement - 10X magnification (arrows indicate CGF).
Haematoxylin-eosin staining.
A

fig. 8 Histomorphometric
analysis.
Haematoxylineosin staining.
A. Vertical ridge
augmentation
using C-Block.
10X magnification.
B. Horizontal ridge
augmentation
using SP-Block.
10X magnification.

b

NB (%+SEM) n-MT (%+SEM) RG (%+SEM)
Vertical
30.40 +/- 0.57 34.52 +/- 1.42
augmentation
Horizontal
46.59 +/- 3.28 48.61 +/- 2.49
augmentation

35.08 +/- 1.42
2.73 +/- 0.87

tabLE 1 Histomorphometric analysis of the percentage of New Bone (NB);
non-Mineralized Tissue (n-MT), Residual Graft (RG) expressed as mean ±
standard error of the mean (SEM).

technique for the specific case and, in particular, the
one that allows to limit surgical risks, costs and time
(28-31). Several types of biomaterials are used in
combination with different surgical techniques and
many data support the efficacy of bone substitutes,
such as xenogeneic bone derived biomaterials (of
bovine, equine, porcine origin) (15-20,32-34). Beside
these biomaterials, the use of different preparations
of platelet concentrates has also been evaluated with
promising results (24,25,27,35).
The results of the present study showed that the Round
Up device could effectively permeate bone blocks with
CGF. This procedure allowed to add to the mechanical
properties of the scaffold the biological activity of the
CGF; therefore, it represents an effective method for
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bone regeneration, where CGF contributes to a better
and more rapid healing of both soft and hard tissues,
confirming the bone regenerative effect of platelet
concentrates.
The bone regeneration efficacy of this scaffold was
also proved by histomorphometric analysis of the
bone cores obtained during implant site preparation,
which, clearly demonstrated that an adequate amount
of regenerated bone, necessary for the correct
integration of the implant, was present in the grafted
sites 4 months after surgery; moreover, these data
were supported by radiological examination and by
the absence of significant clinical alterations. However,
further controlled studies, with greater numbers of
patients, are necessary to validate the present results.

CONCLUSION
The technique proposed in the present study can be
safely performed in the dental office under local
anesthesia, and can be considered a viable option in
bone regeneration surgery.
Future scientific researches should be focused on the
study of heterologous materials, which can completely
replace the use of autogenous bone, and their
combination with platelet concentrates that promote
bone regeneration.
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