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IMPACT OF DIFFERENT PLATELET CONCENTRATES
APPLICATION ON BONE REGENERATION.
AN EXPERIMENTAL STUDY

Ahmed El-Kabbaney *, Sally Elsayed Abdelsameaa™ and Mohamed Abdulrahman™*

ABSTRACT

Purpose: This experimental study was to evaluate and compare bone regeneration capacity of
experimental bone defects filled with different autologous platelet concentrates (APCs) as a bone
graft material in the rabbit’s tibiae.

Material and methods: A total of forty-two adult rabbits were included in this study. After
creation of bone defects, the animals were randomly assigned to three groups. In control group, no
bone graft was used (Group A, n=14), in one test group Plasma Rich in Growth Factors (PRGF)
was used as bone graft material (Group B, n=14), and in the other test group Injectable Platelet Rich
Fibrin (i-PRF) was used as bone graft material (Group C,n=14). After implantation, each group was
further divided into two subgroups, where rabbits were sacrificed 2 and 4 weeks postoperatively
and the defects were evaluated with histologic and histomorphometric analysis.

Results: Both test groups (Group B and Group C) treated with APCs (PRGF: 10.92+0.85
& 41.53+2.55and i-PRF: 13.13+0.68 &57.27+1.66 at 2 and 4 weeks respectively) demonstrated
higher percentages of new bone formation than the control group (5.11+1.15 & 30.31£1.29 at 2 and
4 weeks respectively) (P < 0.001). Significant difference was found between the two test groups
and control group (P < 0.001). On the other hand, significant difference was found between test
groups (P <0.001).

Conclusions: Within the limitation of this animal study, the adjunct implication of either i-PRF
or PRGF in endodontic surgery may be of great significance as it dramatically improves bone
regeneration.
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INTRODUCTION

Endodontic Surgery (also termed apicectomy,
peri-apical surgery, peri-radicular surgery, surgical
re-treatment) should be considered as the last option
that any dentist should be able to perform to save
a tooth before extraction. Following this surgery, a
consecutive series of reactions including clotting,
inflammation, granulation tissue formation, collagen
synthesis and tissue remodeling are involved during
the complex healing process. However, the factors
that delay or hinder it are fields of interests by many
scientists.!? Guided tissue regeneration using
different bone grafting materials and/or membrane
barriers following peri-radicular tissue destruction
by pathological processes, has a major role on the
success of endodontic surgery.®

Guided
updated technique(s) for regeneration of specific

tissue regeneration (GTR) is an
periodontium tissues that have been damaged by
either periodontal or pulpal diseases by focusing on
improving and directing cell growth. ® The main
application of GTR principles in endodontic surgery
was to reestablish damaged bone and periodontal
tissues by placing various bone filling biomaterials
and/or different barrier membranes. Excluding
faster epithelial cells (ten times) from migration to
the wound site as long as possible is the first concept
that GTR was based on. Therefore, other cell types
with regenerative potential (as osteoblasts), become
settled, established and finally, tissue regeneration
could be successfully achieved with the use of
various barrier membranes and/or bone grafts.
9 The purpose of a “space making technique”
application in endodontic surgery is similar to those
in implantology and periodontology: (A) creating
favorable environment (stable and protected wound)
for stimulating tissue regeneration; and (B) exclude
non-desired fast-proliferating cells that hinders
favorable tissue regeneration.

In recent years, autologous platelet concentrates
(APCs) have been used widely in oral surgical
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procedures as filling material for the bony defect
instead of bone aiming at their ability to enhance
the normal healing rate during bone regeneration
procedures because of their high content in growth
factors and cytokines such as transforming growth
factors (TGF-[3), vascular endothelial growth factor
(VEGF), platelet-derived growth factor (PDGF),
platelet activating factor-4 (PAF-4), epithelial cell
growth factor (EGF), and basic fibroblast growth
factor (bFGF). All of these growth factors play a
significant role in the process of wound healing,

improving tissue vascularity, and bone regeneration.
89

Platelet rich plasma (PRP) is the first generation
of autologous platelet concentrate used for tissue
(0.1 Although it had
shown success clinical rate, its complexity during

regeneration purpose.

preparation protocol which increases the cost,
duration and the complexity of the surgical procedure
in face of relatively moderate benefits, restrict its
applications in regenerative surgical procedures.
(219 A subsequent technique was developed to
prepare second generation of autologous platelet
concentrate, which is Plasma Rich in Growth Factors
(PRGF) System. This system proved to offer many
advantages over conventional (PRP) such as the fact
that it is less time consuming, no bovine thrombin
required for activation, less venous blood is needed,
the product is free from inflammatory interleukins
and white blood cells and may be directly performed
with one step centrifugation. In addition, it allows
preparation of both PRGF gel and fibrin membrane
at the same time.

Platelet rich fibrin (PRF), invented and launched
by Choukroun et al. in the year 2001, is a third-
generation of platelet concentrates rich in platelets
and growth factors which enhance bone regenera-
tion and healing. PRF preparation protocol is dif-
ferent from PRP and PRGF, as it is prepared from
blood sample without anticoagulant or thrombin
making it safer and risk free of infection or disease
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transmission."® In 2014, a novel platelet concen-
trate, a liquid injectable-platelet-rich fibrin (i-PRF)
was developed by modifying spin centrifugation
forces. Its concept is based on slowing down the
fibrin coagulation at early time points by lowering
the centrifugation speeds and by utilizing non-glass
centrifugation tubes, thus generating an injectable-
PRF. Much like traditional PRF, i-PRF contains an
increased number of leukocyte and is further able to
stimulate release of growth factors.1

Since the efficacy of platelet concentrates in
improving hard tissue healing is still debated
because contrasting results have been reported by
different studies. ' Thereby, it may be of great
value to evaluate and compare between the impact
of Plasma Rich in Growth Factors (PRGF) System
and Injectable Platelet Rich Fibrin (i-PRF) on bone
regeneration capacity of experimental bony defects
in rabbits’ tibiae.

MATERIALS AND METHODS

Animals and anesthesia

Healthy forty-two adult rabbits (white New
Zealand race, age 6 months, weighing between 1.5-
2 kg were selected in the study. For acclimatization,
rabbits were kept for one week before the onset of
experiment and housed at room temperature 25°C,
12 hours light dark cycle and relative humidity of
65-70% was kept constant in the research laboratory
of the Nile Center for Experimental Research,
Mansoura, Egypt. Water and food were allowed to
rabbits ad libitum. They were fed green paper and
dry bread. All experimental procedures were done
under accepted protocol of ethical committee of
Faculty of Dentistry, Mansoura University, Egypt.

For each animal, the same anesthetic protocol
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was administered, which ensures full animal uncon-
sciousness during surgical procedures and an excel-
lent degree of pre-operative analgesia. All animals
included in this study were anaesthetized using in-
tramuscular injection Diazepam” (0.5mg/kg body
weight), and Ketamine hydrochloride™ (20mg/kg
body weight). Also, the region of surgery was in-
jected locally with anesthetic solution of 2% Mepi-
vacaine Hcl with 1:20,000 Levonordine™”. Anesthe-
sia was injected in the proximal right tibia.

Surgical procedure

Under general anesthesia, all animal hair on the
medial aspect of the right tibia was shaved, followed
by disinfection of the skin surface at this area which

ok

was done by povidone iodine™ solution before
the operation. 3cm longitudinal incision was made
over the medial aspect of each animal’s tibia, skin
was dissected till bone was exposed. In each tibia,
a cylindrical critical sized bone defect, about 4 mm
in diameter and 1 mm in depth was created using
a surgical trephine bur mounted on oral implant
handpiece. The size and depth of bone defects were
standardized by using the same size of trephine bur
head at the same speed. The bone was continuously
irrigated with sterile saline during cutting to reduce
thermal damage. The forty-two rabbits were
randomly divided into 3 groups (n=14) according
to the type of bone graft material as the following:

* Group A: The bony defect received no bone
graft material to serve as control group.

*  Group B: The bony defect was filled with PRGF
*  Group C: The bony defect was filled with i-PRF.

Bone defects allocated to the group B were filled
with plasma rich in growth factor (PRGF) in a ratio
of 2g / 0.5ml. The platelet concentrate was obtained
by centrifugation” (at 460 g for 8 minutes) of 5 ml of

* Neuril: manufactured by Memphis Co. For Pharm & Chemical ind. Cairo, Egypt.
*#* Ketamine hydrochloride: manufactured by ketalht, amourr Co, Cairo, Egypt

*#% Mepecaine-L: manufactured by Alexandria Co, Egypt.

##%+ Betadine: manufactured by Nile Co, Cairo, Egypt.
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fresh blood collected from the animal marginal vein
of the ear into tubes containing 3.8% anticoagulant
(sodium citrate). After centrifugation, the plasmatic
component was separated into 2 fractions by using
a laboratory pipette. The lower fraction of about 1
mL, immediately above the buffy coat, is the PRGF.
Immediately before filling the bone defect, the
PRGF was activated with calcium chloride 10% in
the amount of 50 microliters / ml PRGF to enable
clot formation. This allowed creating a gel with
mechanical consistency that is stable and easy to
handle. ?”

Bone defects allocated to the group C were
filled with Injectable Platelet rich fibrin (i-PRF).
Blood was drawn as in group B and by using sterile
uncoated 9ml plastic tubes, 5 ml of whole blood
without anti-coagulant was centrifuged at 700 rpm
and 60 g for 3 minutes. The upper liquid layer was
collected as i-PRF. @V

The incisions were closed using 4/0 black silk
attached to a curved needle 3/8. The sutures were
removed after 9 days for prevention of infection.
All the animals were subjected to post-surgical
analgesia with 10 mg/kg (Brufen suspension)™
orally every 4 hours for 4 days. Moreover, antibiotic
therapy was administered ((Enrofloxacin™ 2.5%
at a dose of 10 mg / kg orally every 12 hours for
5 days). The rabbits recovered in a cage with one
animal per cage.

During the follow up periods, all the rabbits
were under frequent surveillance by the Department
of Mansoura Experimental Research Center in
the same housing conditions described above
and periodically visited to identify early any pain
attitudes or clinical signs of malaise. The following
are possible signs that may have been associated
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with pain in the rabbits.: Abnormally “hunched”
appearance when sitting; alert but reluctant to
move; Limping; Unusual or sudden aggression; loss
or decrease in appetite or water consumption; tooth
grinding; shows no interest in the surroundings (loss
of curiosity); crying or “grunting” when oving/
defecating/urinating or being handled/examined;
taking a long time to eat; dropping food out of the
mouth. If they had identified any of these attitudes,
the veterinarian would immediately initiate a
treatment therapy to the problem, or if it had not
been any viable treatment option, euthanasia would
be proceeded. The only significant event recorded
during this period, was leg fracture of one of the
rabbits three days after surgery; the animal was
promptly subjected to euthanasia (using standard
procedure described below) and replaced with
another rabbit, which has been practiced the same
treatment.

Evaluation

For postoperative evaluation, each group was
further divided into two subgroups and seven
rabbits in each group were euthanized at each of the
experimental periods 2 and 4 weeks postoperatively
by overdose of diethyl ether. Then bone blocks were
dissected in correspondence to the treated areas, by
means of a surgical bur without encroaching on the
grafted areas.

Histological analysis

For subsequent histological and histomorpho-
metric analysis, the dissected specimens were fixed
immediately in 10% formal saline solution for 48
hours. Then all samples were treated with 10% %
Ethylene Diamine Tetra Acetic acid (EDTA) decal-

cifying solution. Samples were dehydrated with

* TC-SPINPLUS-6 Digital Desktop Centrifuge with 3074 RCF, 100-5000 rpm, LCD Display, Includes 15ML X 6

Rotor, Timer 15sec-99min, Topscien, Ningbo, China.

** Brufen : Kahira Pharmaceuticals & Chemical Industries Company.
**% Enrofloxacin 10%: produced by EL Nasr Pharmaceutical Chemicals Co, Abu Zaabal- Egypt.
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alcohols and embedded in paraffin. Serial sections
were made at 6 thickness. Sections of specimens
will be prepared for:

a) Meyer’s Haematoxylin and Eosin stain (as
routine histological stain).

b) Masson’s Trichrome stains (for the detection of
collagen).

* Histomorphometric analysis: Computer
assisted digital image analysis was applied on

the trichrome stained sections

Histomorphometric analysis of the newly
formed bone carried out using Olympus® digital
camera installed on Olympus® microscope with
1/2 X photo adaptor; using 100 X objective. Then
the result images were analyzed on Intel® Core [3®
based computer using Video Test Morphology®
software (Russia) with a specific built-in routine
for stain quantification and area measurement.
Pathologists were blinded to the graft material and

the time period for each sample.

Statistical Analysis

Data analysis was done using IBM SPSS Corp.
Statistics for Windows, Version 22.0. Armonk,
NY, USA. Qualitative data were described using
number and percent. One Way ANOVA test was
used to compare bone formation between studied
groups with Post Hoc Tukey test to detect pair-wise
comparison. A probability of P = 0.05 indicates the
level of significance.

RESULTS

Histologic evaluation

Histological results showed: After 2 weeks,
new bone formation was observed in all groups.
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Emerging young bony trabeculae were observed
not only on the periphery of the defects, but also
in their central parts. (Figure 1) After 4 weeks; In
control group A, there was a discrete regeneration
of newly formed bone trabeculae. While in group B,
osteocytes were observed dispersed within the newly
formed trabecular bone with Haversian system
could be seen. While in group C, a distinction is
clear between old and newly bone with little amount
of granulation tissue. (Figure 2)

Histomorphometric evaluation

According to the histomorphometric evaluation
of bone regeneration, the mean percent of the
osteogenesis at 2 and 4 weeks for group B and
group C was significantly higher in comparison with
control group A. In the control group A, there was a
discrete regeneration with an average percentage of
newly formed bone equal to 5.11+1.15 & 30.31+1.29
at 2 and 4 weeks respectively. In group B where
PRGF was used, the newly formed bone was on
average 10.92+0.85 & 41.53+2.55 at 2 and 4 weeks
respectively. In group C where i-PRF was used, the
newly formed bone was on average 13.13+0.68 &
57.27+1.66 at 2 and 4 weeks respectively. (Figure
3&4)

The descriptive statistics of histomorphometric
data from all the three evaluated groups are shown
in Table 1 and Figure 5. PRGF and i-PRF showed
statistically significant increase in the amount
of regenerated bone over control group at 2 and
4 weeks (P < 0.001). Also, the average area of
bone formation represented significant difference
between the PRGF and i-PRF groups at the two
follow up intervals (P < 0.001).
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Histological and histochemical results:

A- Histological results (Hematoxylin and Eosin stain):

Fig. (1) Figure 1: After 2 weeks, A (control group): The cavity is filled with granulation tissues. Signs of newly formed bone
trabeculae could be seen with faintly stain, (a, b). Osteoblastic activity is seen along the periphery of newly formed bone
trabeculae (c). B (PRGF group): Multiple small bony trabeculae of different sizes and shapes could be seen inside the cavity
surrounded by granulation tissues. C (i-PRF group): A network of bony trabeculae could be seen radiating from the upper
and lower border of the cavity and directed toward the center of the cavity (x, y). The newly formed bone trabeculae could
be distinguished easily from old bone.

Fig. (2): After 4 weeks, A (control group): An interconnected bony trabecula is formed with intervening bone marrow cavity (a,
b). B (PRGF group): A network of thick mature bone trabeculae with bone marrow cavities is seen easily. Osteocytes are
seen dispersed inside bone segments. A sign of haversian system is noticed, (a). Granulation tissues are seen at the orifice
of the cavity. C (i-PRF group): A network of mature bone trabeculae with minimizing the amount of granulation tissue is
evident in the section.

B- Histochemical results (Trichrome stain):

Fig. (3): After 2 weeks, A (control group): The section shows moderate reaction to trichrome stain. The reaction is restricted to
the C.T. B (PRGF group): The section shows intense reaction. C (i-PRF group): The section shows intense reaction of the
trabeculae and weak reaction of the C.T.
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Fig. (4): After 4 weeks, A (control group): The section shows moderate reaction of the trabecula. B (PRGF group): The section
shows severe reaction of the trabeculae. C (i-PRF group): The section shows intense reaction of the trabeculae

TABLE (1): Histomorphometric parameters (means and standard deviations of newly formed bone in each
treatment group at 2&4 weeks intervals.

Bone formation Control group PRGF group i-PRF group Test of significance within group
N=7 N=7 N=7 (One Way ANOVA test) significance
Week 2 5.11«1.15 10.92+0.85 13.13+0.68 F=142.62 P1<0.001*
Mean+SD P<0.001* P2<0.001*
P3<0.001*
Week 4 30.31+1.29 41.53+2.55 57.27+1.66 F=352.46 P1<0.001*
Mean+SD P<0.001* P2<0.001*
P3<0.001*

P1: Difference between control group and PRGF group, P2: difference between control group and i-PRF group, P3:
difference between PRGF & i-PRF groups, SD: standard deviation.

DISCUSSION
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Growth Factors (PRGF) (Anitua, 1999).6% The
objective of the present animal study was to clarify
whether the addition of PRGF and i-PRF would
have a positive effect on bone regeneration in
rabbit’s tibiae compared to merely sealing the bone
cavity without bone graft material.

(PRGF) identifies exclusively 100% autologous
blood derived product developed by a one-step
centrifugation process, using sodium citrate and
calcium chloride as anticoagulant and activator,
respectively. It is safe, biocompatible, resorbed by
the body within a few days after initiating local
regeneration, and no risk of immunologic reactions
as no bovine thrombin is used for activation. " In
addition, this system prepares fibrin membrane that
may be used as an autologous membrane for GTR.
G2 In the fields of skin wound healing, repair of
damaged tendon and cartilage, satisfactory results
have been obtained. ¢339

One of the latest developments in the PRF tech-
nology is the production of injectable PRF (i-PRF).
Liquid PRF, which was prepared according to the
low speed of centrifugation, has achieved predict-
able and effective results. The main difference of
i-PRF from solid PRF is the lower speed and time
in centrifugation for i-PRF. i-PRF is the liquid vari-
ety of PRF which may accelerate the wound-healing
processes with increased vascularization. The ben-
efits of i-PRF show slow and sustained release of
growth factors, by releasing the expression of trans-
forming growth factor-f and collagen-1 mRNA
along with cells migration. ®® It has advancement
through injecting patients autologous PRF in indi-
cated areas of bone, soft tissue, or skin. G637

In our animal study, the histomorphometric
evaluation of the amount of the newly regenerated
bone showed that adding PRGF and PRF as bone
graft materials to bone cavities caused a significant
increase in bone regeneration at 2 and 4 weeks in
comparison to control groups without bone graft
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material.

These findings agreed with other animal studies
performed using platelet rich in growth factor
(PRGF). @%%) On the other hand, it did not agree
with animal study which was performed on dog.
There was no statistically significant difference
between the test and control group regarding the
type of newly formed bone maybe because the
PRGF has been used directly on the implants and
the time of sampling was not similar. “?

Our results agreed with Angerame et al. who
studied the effect of PRF application around
periradicular surgical defects on stimulating bone
regeneration and reducing postoperative pain and
reported promising results after 2 and 3 months.
@D This also comes in accordance with another
study where the bony crypts during endodontic
periradicular microsurgery were filled with platelet
rich plasma (PRP) and Hydroxyapatite and reported
faster bone healing compared to control group
without bone grafts. 42

However, our results disagreed with another
clinical study that reported that the PRF application
to the surgical cavity may not necessarily improve
outcomes and showed no significant benefit
regarding to bone healing when periapical surgery
was done on perio-endo lesion with apico-marginal
defects. “** This result may be due to periodontal
communication that allow bacterial ingress from the

marginal periodontium.

In our study, the i-PRF group showed significant
increase in the amount of newly formed bone
when compared to the PRGF group. This was in
agreement with Wang et al. > % who evaluated
osteoblast behavior by use of injectable PRF as
compared to traditional PRP and found that i-PRF
can induce higher cell migration. Injectable PRF
showed higher messenger RNA levels of PDGF,
TGEF-f3, type I collagen and fibronectin than PRP.
This result was in contrast to Thanasut et al. who
reported that Liquid PRF failed to promote bone
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regeneration on repairing alveolar cleft defect with
autologous cancellous bone. “®

This additional effect of i-PRF could be
contributed to the lower centrifugation speed.
Interestingly, two recent articles have further shown
that in the upper layer where PRF is collected,
a higher proportion of leukocytes could be found
by decreasing centrifugation speeds, and thereby
increasing total growth factor release. “-* It
may therefore be hypothesized that the additional
incorporation of leukocytes as well as fibrin proteins
that have yet to coagulate is one of the main reasons
for the added benefit of i-PRF. “9 Higher presence
of regenerative cells with higher concentrations of
growth factors can be observed when compared
to other formulations of PRF utilizing higher
centrifugation speeds- "

Finally, the present study recommends using
of autologous platelet concentrates (APCs) either
i-PRF or PRGF as a bone graft material in peri-
radicular bone defects after endodontic surgery
for enhancing bone regeneration. More histologic
studies with larger sample sizes are required to
confirm these findings.

CONCLUSION

Within the limitation of this animal study, the
adjunct implication of either i-PRF or PRGF in
endodontic surgery may be of great significance as
it dramatically improves bone regeneration.

RECOMMENDATIONS

According to the results of the current study,
it is recommended to use autologous platelet
concentrates (APCs) either i-PRF or PRGF in
periapical bony defects after endodontic surgery.
Additional clinical and histologic studies with larger
sample sizes and longer follow up rates are needed
to confirm these results as high-level evidence
supporting this approach is still sparse.
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