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ABSTRACT

Background: Augmentation of localized alveolar bone defect is one of major problems in
implant dentistry. Beta tri-calcium phosphate (3-TCP) is considered a source of synthetic bone
substitute for bone regeneration. If it is combined with platelet rich fibrin (PRF) with immediately
placed dental implant it may encounter a promising result for bone formation.

Objective: The aim of the present study was to compare the regenerative bone potential around
immediately placed dental implant in localized alveolar bony defect by the use of B-TCP alone or
in combination with PRF.

Materials and Methods: Eight clinically healthy dogs were included in this study. Localized
alveolar bone defect was created after extraction of the second mandibular premolar bilaterally.
After immediate implants were inserted the defect was augmented with following: Group I: 3-TCP.
Group II: -TCP with PRF. Group III: Control group without adding any material.

After 12 weeks, the animals were sacrificed and bone regeneration in the created defect was
evaluated through histological examination, immunohistochemically and histomorphometric
analysis.

Results: Groups analysis demonstrated signs of bone regeneration with variable degrees. His-
tomorphometrically, the control group revealed the lowest mean area percentage. Group I: 3-TCP
and group II: B-TCP combined with PRF showed the highest mean area percentage and both were
significantly higher than control group. However, no significant difference observed between group
I and II. The results were supported by both histological and immunohistochemical analysis. The
signs of bone maturation in group I & group II were more than control group.
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Conclusion: Beta tri-calcium phosphate with platelet rich fibrin is a promising osteogenic bone

substitute with high bone regenerative potential .It could be used as an alternative method for bone

regeneration around dental implant in localized alveolar bone defect.

KEYWORDS: Beta tri-calcium phosphate 3-TCP - Bone regeneration - Platelet rich fibrin

PRF — Dental implant.

INTRODUCTION

Ridge augmentation of localized alveolar bone
defect resulting from prolonged time after teeth
loss without replacement, ageing process, trauma,
ablative surgery or pathology, remains a clinical
challenge for implant placement. This leads to
surgical and anatomical limitations. Autogenous
bone was considered the best material for
augmentation for large defects !». The morbidity
associated with harvesting bone could be a limiting
factor. Allogeneic, xenogeneic and alloplastic bone
substitutes were used as an alternative material
for reconstruction. The main reasons for failure to
restore alveolar defect and replacement the missing
teeth with implant are poor bone augmentation
and graft shrinkage. Lack of adequate bone callus
formation is generally caused by graft instability,
exposure of graft material and infection. ¢!

Platelet rich fibrin PRF is fibrin mesh enriched
with platelets and growth factors as, transforming
growth factor bl, platelet-derived growth factor,
and vascular endothelial growth factor. It has a
complex architecture of strong fibrin matrix with
favorable mechanical properties that no other
platelet concentrate can offer V. The fibrin is
a bridging molecule that allows a series of cell
interactions and supplies a provisional matrix for
cell proliferation and organization, at the site of
injury or inflammation “?. It has been reported that
PRF is a healing biomaterial with a great potential
for bone and soft tissue regeneration. The inherent
osteoconductive and/or osteoinductive property of
PREF is beneficial for bone regeneration. 34

It has been advocated that PRF in the form
of graft material or guided tissue regeneration
membrane can be used alone or in combination
with bone substitutes. It increases the regenerative

effects of bony defects, promoting hemostasis, bone
growth, and maturation. The best result for filling of
bony defect could be achieved with a combination
of bone graft and guided tissue regeneration. !
19 PRF when used as guided tissue regeneration
creates an improved space and facilitates cell
migration that is favorable for bony regeneration.
(719 PRF as a grafting material helps in wound
healing, protects the surgical site and promote soft
tissue repair. Combination of (PRF) with bone graft
act as a biological connector that attracts stem cell
and favors migration of osteoprogenitor cells to the
center of the graft. It enhances revascularization of

the graft by supporting angiogenesis %20,

Beta tri-calcium phosphate 3-TCP is the most
commonly used type of porous form of calcium
phosphate. It is used as partially resorbable filler.
It allows bone formation and replacement 9. 3
-TCP has gained high acceptance as a bone filler
material. It is biocompatible and osteoconductive
bone substitute. It leads to bone apposition in the
areas contacting with the material. Some studies
have been reported that there is bone deposition
with B-TCP in human periodontal osseous defects
242D Vertical and horizontal ridge augmentation
using -TCP has been evaluated in animal and
clinical studies with variable results ®-.

The aim of the present research was designed
to assess regenerative bone potential of beta
tri-calcium phosphate alone or in combination
with platelet rich fibrin in localized alveolar
ridge defect with immediately placed dental
implant in an experimental animal. Assessment
was achieved through histological examination,
immunohistochemistry and histomorphometric

analysis.
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MATERIAL AND METHODS

Eight clinically healthy mongrel dogs (1- 2
years-old, weighting 8 to 10kg) were used in the
current study. All procedures were performed
according to the guidelines for the experimental
research ethics committee of the animal house,
Faculty of Medicine, Cairo University. Each animal
was checked and supervised by the veterinarian.

The following materials were utilized in the
current study; dental implants (Super Line Dentium
Implant System. Dentium Co., Ltd. Seoul, Korea)
and Beta tri-calcium phosphate (Guidor ® easy
graft ® classic. Alloplastic bone grafting granules
system. Switzerland)

The 8 dogs (16 mandibular side right and left)
were classified into 3 groups, group I and Il contained
3 animals in each while group III included 2 dogs
and considered as control group. Each animal were
subjected to surgical procedure for extraction of
the second premolar with its two roots bilaterally.
A localized class III alveolar bone defects were
created using by the use of a predetermined size
surgical template. Immediately placed two dental
implants were inserted one in each root of the
extracted premolar teeth bilaterally. The exposed
threads of the dental implant were augmented by
the following;

Group I (6 sides): Beta tri-calcium phosphate

Group II (6 sides): Beta tri-calcium phosphate in
combination with platelet rich fibrin PRF. The PRF
was prepared according the technique described by
Lekovic ¥ (Fig. 1).

Group III (4 sides): Control group the defect
site was left uncovered without any augmentation
material.

Surgical procedures were carried out under
aseptic conditions and general anesthesia. The
animals premedicated with Ketamine
(Ketamine HCL injection USP, Rotexmedica,

were
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Germany) and Xylazine (Rompun. Bayer AG,
Leverkusen. Germany). Anesthetization of the
animal was performed by using pentobarbital sodium
(1 mg/100 gml). The perioral tissues and gingiva
were disinfected with antiseptic solution (Betadine
10% - SOL The Nile Co. for Pharmaceuticals and
Chemical Industries - A.R.E).

Gingival incision was performed and full
thickness flap was elevated at mandibular premolar
area bilaterally. Extraction of second premolar was
done and localized defects in the alveolar ridge
(vertically and horizontally) were performed using
surgical bur. The alveolar ridge was reduced in
horizontal and vertical dimension to create class III
alveolar bone defect. (10 mm mesio-distally, 3-5
mm coronal—apically and 3-5 mm bucco-lingually)
(132 To ensure the unification of the size of alveolar
bone defect a surgical sterile template previously
made were used with accurately predetermined
size. Implant site were prepared bilaterally. The
procedures were performed under copious irrigation
with sterile saline solution (0.9% NaCl 500 ml.
Egypt Otsuka Pharmacutical Co., S.A.E. - AR.E)
and the two implants (were inserted one in each root
with good primary stability (3.4 mm in diameter
and 10 mm in length). The exposed threads of the
implants were covered by either;

Group I: Beta tri-calcium phosphate

Fig. (1) Exposed threads covered by -TCP with 3-TCP and
PRF
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Group II: Beta tri-calcium phosphate in

combination with platelet rich fibrin PRF.

Group III: ( Control group) the defect site was
left without augmentation.

The flaps were replaced and sutured with 3-0
Vicryl sutures material (polyglaction 910 ethicon)
using interrupted suture technique.

The
postoperatively: Crystalline penicillin (Misr Co. for

following drugs were prescribed
pharm. Ind. Cairo. Egypt). .M injection every 12
hour for 5 days and Ketoprofen (Ketofan 100mg,)

ampoule .M injection per day for 3 days.

Twelve weeks later, the animals were sacrificed
for sample preparation. Assessments of the results
of bone formation were performed through
section,

histologic immunohistochemistry —and

histomorphometric analysis.

Specimens’ preparation for histological examination

After preparation of harvested bone blocks
accompanied with implants, the specimens were
fixed in 10% buffered natural formaldehyde for 24
hours. The samples were kept in separate coded
dishes containing 10% ethylene diamine tetra acetic
acid (EDTA) for 8 weeks. As decalcification is
completed, the specimens were washed in running
water to remove all traces of EDTA and prepared
in a paraffin block. The specimens were cut parallel
to the long axis of implant that serial sections could
be performed and representing most of the induced
defective area.

Immunohistochemical analysis

Immunohistochemical staining was performed
on 4um paraffin embedded sections which were
deparafinized, dehydrated and treated with H, O,
in 0.3% for 30min to block endogenous peroxidase
activity. For antigen retrieval, AR solution was used
(code no. S3308 Dako), & heated in microwave
oven at 100° C for 15 min. The slides were incubated
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with anti-Osteopontin antibody (Dako Cytomation,
Denmark) in dilution range1:100 overnight at room
temperature in a humified chamber. After washing
with PBS, the slides were treated with biotin labeled
link antibody, then the streptavidin conjugated to
horseradish peroxidase was used. DAB chromogen
was applied to visualize Antigen-Antibody reaction
(code n0.K0673 Dako Cytomation, Denmark). The
ordinary light microscope was used to detect and
localized the positive osteopontin cytoplasmic or
membranous immunostaining.

Quantitative Histomorphometric image analysis

The area percent of newly formed bone was
estimated using Leica Quin 500 analyzer computer
system, (Leica Microsystems, Switzerland). Oral
Pathology Department. Faculty of Oral and Dental
Medicine. Cairo University. The cursor was used to
outline the areas of newly formed bone trabeculae,
which were then masked by a binary color that
could be measured by the computer. The image
analyzer is calibrated automatically to convert the
measurement units (pixels) produced by the image
analyzer program into actual micrometer units. The
area percent of newly-formed bone was estimated in
8 different fields in each group using magnification
(X100). Mean values and standard deviation (SD)
were calculated for each group. Analysis of variance
(ANOVA) test was used for statistical analysis of
the difference between groups. Tukey’s post hoc
test as well as ANOVA test was performed to reveal
any significant difference. Unpaired t test was
used for pairwise comparisons. P value < 0.05 was
considered statistically significant.

RESULTS

Histological findings:

Group 1 augmented with beta tri-calcium

phosphate alone, revealed residual layer of
granulation tissue with mild inflammatory response

could be seen in contact with the newly formed
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woven bone which was thinner, less dense and less
mature than in group II augmented with 3-TCP in
combination with PRF . Moderate bone remodeling
was detected in the form of in-growing areas of
lamellar bone in close proximity to the woven bone
with less detected and unevenly arranged marrow
spaces. The number of bone forming cells entrapped
in bone trabeculae was little. The newly formed
bone and the number of bone forming cells were
higher in this group compared to the control group
but less than group II (Fig. 2).

Fig. (2) Photomicrograph of group I (B-TCP) showing

newly formed osteoid bone trabeculae replacing the
granulation tissue with more entrapped osteocytes and
irregularly arranged marrow spaces (H&E X100).

Group II augmented with (3-TCP and PRF
nearly all the granulation tissue was replaced by
both woven & lamellar bone that had filled most
of the space of the defect. Bone remodeling was
extensive with clearly detected and regularly
arranged marrow spaces. The newly formed bone
was thicker, denser and more mature than that of
control group. Osteocytes were detected entrapped
inside the formed bone trabeculae. No evidence
of inflammatory reaction or fibrosis. The newly
formed bone and the number of bone forming cells

were greater in this group compared to the control

group (Fig. 3).
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Fig. (3) Photomicrograph of group II (B-TCP with PRF)
showing thick, dense and mature newly formed osteoid
bone and increasing number of osteocytes entrapped
inside trabeculae. Note, there is no inflammatory
reaction or fibrosis. (H&E X100).

Control group III revealed condensed collagen
fibers with little fibroblast, inflammatory cells in
collagen-rich CT matrix suggesting granulation
tissue. Mild bone remodeling could be detected at the
expense of granulation tissue in the form of multiple
small ectopic foci of osteoid bone formation with

limited number of bone forming cells. (Fig. 4).

Fig. (4) Photomicrograph of group III (control) showing

condensation of granulation tissue with ectopic
bone formation within the granulation tissue & few
inflammatory cells (H&E X100).
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Immunohistochemical Findings

Immunohistochemical examination revealed
widespread positive immunostaining of osteopontin
antibody in the bone forming cells (osteocyte lacu-
nae) entrapped in the osteoid tissue and endothe-
lial cells lining the blood vessels. Bone matrix was
devoid of immunostaining; also some accentuated
cemental lines of bone trabeculae showed mild im-
munostaining for OPN. In addition, the immunos-
taining for OPN was greater in group II than group

I and control group (Fig. 5 and 6)

Fig. (5) Photomicrograph of group II (3-TCP with PRF) showing
prevalent positive immunostaining in the osteocyte

lacunae. Note, positive immunostaining lining of some
blood vessels and negative immunostaining in the bone
matrix (anti-OPN antibodyX100).

TABLE (1) Mean area percent of newly formed bone
and significance of difference between

groups

Mean of SD P value

area % of

bone

Gp I (B-TCP) 37.85 % 13.05 0.6103
Gp II (B-TCP with PRF) | 41.041 % 7.19
Gp I (B-TCP) 37.85 % 13.05  0.0201*
Gp 1II (control) 22.03 % 5.15
Gp II (B-TCP with PRF) | 41.041 % 7.19 0.0004*
Gp III (Control) 22.03 % 5.15

*significant
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Histomorphometric image analysis Results

The greatest mean area percent of newly formed
bone was recorded in group II augmented with
B-TCP and PRF (41.041 %), whereas the least
mean value was recorded (22.03 %) in Group III
(control). ANOVA test revealed an increase in the
mean area of bone percentage in group I and IT when
compared with control group and this increase was
statistically significant with P value (0.0201 and
0.0004) respectively. On comparison of group 1
with group II it has been detected that there was no
statistically significant difference. (Table 1. Fig. 7)

Fig. (6) Photomicrograph of group 1 (3-TCP) showing positive
immunostaining in the dispersed osteocyte lacunae.
Note negative immunostaining in the bone matrix (anti-
OPN antibody X100).

50
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20 -

10 -

Control B-TCP B-TCP with

PRF
& J

Fig. (7) mean of area percent of newly formed bone in all groups
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DISCUSSION

Regeneration of defective alveolar bone ruined
by periodontal diseases, tumor resection or traumatic
injury represents a major problem in oral and
maxillofacial surgery. Sever vertical and horizontal
alveolar bone resorption is a limiting factors to
support dental implant. Review of literature
revealed that Beta tri-calcium phosphate (3-TCP)
as synthetic bone substitute combined with platelet
rich fibrin (PRF) as an autogenous graft improve
bone regeneration. In the present study placement
of immediate dental implant in localized alveolar
bone defect add a promising alternative method
for vertical support of the combined graft material
to enhance bone generation in such defects. It was
hoped to achieve significant bone volume to support
the dental implant for better esthetic and functional
replacement.

Beta tri-calcium phosphate is an alloplastic
ceramic synthetic bone material used extensively
in the past. It was used in the present study being
bioactive (inducing specific biologic reactions) and
biocompatible (not stimulating inflammatory or
foreign-body giant cell activity). It is composed of
Ca and P ions, the main component of bone ¢339,
It contains faster resorbing material creating many
pores to ensure migration of the newly formed
growing bony tissue into the defect. This idea is
supported by the study of LeGeros ©%, Metsger et
al ®” and Trisi et al ©¥.

In the current research platelet rich fibrin PRF
was selected being preferred over platelet rich
plasma PRP. PRF does not contain any synthetic
or anticoagulant materials; it is cheaper with
shorter production time and provides a scaffold
for attraction of tissue cells to the injured site.
The higher concentration of platelet contained in
the fibrin matrix allow slow release of its contents
(growth factors and cytokines) and prevents them
from undergoing proteolysis and enhance the
regenerative potential of the bone. This opinion is
in agreement with many authors. ¢4V
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In the present study dental implant has been used
in the created localized alveolar bone defect (Class
III defect). This was planned to provide vertical
and horizontal support and preservation of graft
material. The core of the dental implant supports the
graft material vertically while the threads support
the material horizontally.

Histomorphometric analysis with its degree of
objectivity, accuracy, reproducibility and suitability
for statistical analysis was used in the present
research forevaluation of bone regeneration potential
through assessment of percentage of bone along the
induced surgical defect. This opinion is supported
by Pastoureau et al “?. Immunohistochemistry
was used with Osteopontin (OPN) as a marker
for evaluation of new bone formation. OPN is
detected in both osteoclasts and osteoblasts and
has been implicated as an important factor in bone
remodeling as reported by Gul Gursoy et al “. It
helps the migration of osteoblasts to intercellular
matrix and mediates attachment of both osteoblasts
and osteoclasts to bone mineral through interaction
with integrin. OPN is intimately implicated in the
regulation of both physiological and pathological
mineralization. It is associated with cellular
regeneration and tissue repair.

The animal model used in this study has repre-
sented an effective sample for assessing the regen-
eration of bone and suitable for examining bone
formation because it is a simple method, reproduc-
ible and it is easy to be accessible to produce an
experimental defect. The mongrel dogs wound heal-
ing kinetics and anatomy of the tooth bear a resem-
blance to that of the humans. Moreover, the surgi-
cal creation of uniform alveolar bone defects and
reconstruction of such deficiencies in dogs is a com-
monly used procedure to evaluate bone regeneration
adjacent to titanium implants. This procedure is in
agreement with Barboza et al " and Seibert ©¢?.

In the present study, the three groups showed
signs of bone regeneration at the defective side
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of alveolar bone with variable degrees. Bone
regeneration was minimally and non-significant in
control group. The immunohistochemical finding
for OPN and histomorphometric analysis support
the histological results. The results of this research
were in accordance with the study of Shalash
et al ® Yilmaz et al *?, and Triveni et al . The
graft material can act as scaffold for the growth of
cellular and vascular components to be replaced by
new bone of acceptable quality and quantity within
a healing period.

In the current research group I and II showed
newly formed osteoid tissue with increasing
number of osteocytes. Presence of such cells
indicates formation of bony tissue in the defective
area. In contrast to control group, granulation tissue
with ectopic bone formation was observed. It was
supposed that, beta tricalcium phosphate granules
works only by osteoconduction and guiding
osteogenic cells from existing bone. These cells
differentiate into osteoblasts to form bone. This
finding is in agreement with those results of Stahl et
al ®¥ and MG Triveni et al ®.

Group II treated by 3-TCP combined with PRF
exhibited signs of bone maturation more than the
other two groups. All the granulation tissue was
replaced by woven & lamellar bone and filled the
space surrounding the implant. This finding was
supported with the finding of other studies “ 4
4D The addition of PRF to synthetic bony particles
increase beta-tri-calcium phosphate transformation
into bony tissue, reduce the time required to promote
graft consolidation, maturation, and improve the
density of trabecular bone. The combined use of
both PRF and B-TCP accelerate healing processes
by the synergic effect of the inherent regenerative
potential of PRF and the osteoconductive property
of 3-TCP.

Increasing number of osteocytes was observed
in Group II more than group I indicated bone
regeneration potential in that group. PRF acts as
a biologic adhesive to hold the particles together,
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making manipulation of the bone grafting material
much easier. PRF accelerates the healing effect
by keeping the particles of 3-TCP together via its
adhesive property and adapting them tightly in the
defective alveolar bone area.

CONCLUSION

Beta-tri-calcium phosphate as an alloplastic
bone substitute is effective material in alveolar ridge
augmentation. PRF can enhance the reparative bony
potential of (3-TCP. Dental implants can support
the combined material when placed in class III
localized alveolar bone defect. This combination
needs further wide scale explorations.
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