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ABSTRACT

Background: The positive effect of leukocyte- and platelet-rich fibrin (L-PRF) on osteogenesis has been widely described in
vitro. However, clinical and preclinical studies are very little and controversial in demonstrating a significant beneficial
effect of L-PRF in bone regeneration.

Purpose: The goal of the present study was to compare the potential effect of L-PRF in a standardized model.
Materials and Methods: A total of 72 hemispheres were implanted on the calvaria of 18 rabbits and filled with three different
space fillers: L-PRF, bovine hydroxyapatite (BHA), BHA + L-PRF, and an empty hemisphere was used as control. Six rabbits

were sacrificed at three distinct time points: 1 week, 5 weeks, and 12 weeks. Histological and histomorphometrical analyses
were carried out.

Results: At the early phase of bone regeneration (1 week), from a descriptive analysis, a higher proportion of connective
tissue colonized the regeneration chamber in the two groups containing BHA particles. Nevertheless, no statistical differ-
ences were found within the four groups in terms of bone quantity and quality at each timepoint (p =.3623).

Conclusions: According to the present study, L-PRF does not seem to provide any additional effect on the kinetics, quality,

and quantity of bone in the present model of guided bone regeneration.
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INTRODUCTION

Despite the promising clinical results of short and
narrow dental implants,"* alveolar bone regeneration is
still often required prior to or during the placement of
implants to provide adequate oral rehabilitation. The use
of biomaterials in alveolar bone regeneration has proven
to be efficient in many clinical trials for several indi-
cations, such as localized site development, sinus lift,
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or socket preservation procedures.”® Nevertheless, to
reconstruct large defects or for vertical alveolar regenera-
tion, autogenous bone is still needed for its osteogenic
properties. In these cases, the morbidity related to the
donor site remains a barrier for the patient to undergo
the treatment. Moreover, bone regeneration using bio-
materials alone still involves a long healing process, and
there is a will to accelerate the biological process of bone
healing and to provide the patient with short treatment.
In this context, the use of natural or synthetic growth
factors, such as bone morphogenic proteins (BMPs),
platelet derived growth factor (PDGF), or transforming
growth factor (TGF), combined with biomaterials, is of
great interest and widely described in the literature.”®
Nevertheless, it is still poorly applied in a daily practice
because of ethical and financial concerns.

Some authors have suggested the use of platelet
concentrates to accelerate bone growth.”" Indeed,
platelets contain PDGE vascular endothelial growth
factor, TGF-, and in combination with an appropriate
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scaffold, they may be able to deliver the required mole-
cules to implement bone regeneration in situ. However,
the real clinical efficacy of platelet concentrates is
controversial in the available literature."*'® The most
studied type of platelet concentrate is the platelet-rich
plasma, which failed to exhibit a strong beneficial effect
on bone regeneration.'*'*"'® The leukocyte- and platelet-
rich fibrin (L-PRF or Choukroun’s factor) is a second-
generation platelet concentrate, obtained by a specific
centrifugation procedure that limits the degree of blood
manipulation and that does not require a platelet acti-
vator. The L-PRF has shown a satisfactory performance

in soft tissue healing in periodontology,'*’

physical
medicine, or in esthetic surgery.”'

The effect of L-PRF was studied in vitro and a
promising effect on the proliferation and differen-
tiation of osteoblast cells* > through the delivery of
PDG-F and TGF-B*** was observed. Recent studies
have also shown that L-PRF stimulated osteoblast
adhesion and the upregulation of collagen protein pro-
duction.”® The fibrin architecture of L-PRF would also
be an excellent scaffold for cell migration and angio-
genesis, as well as a reservoir for growth factors® and
cytokines, providing a slow release over 7 days.”®**
Finally, the high content in leukocytes that are present
in the thin layer near the red blood cells’ might have a
role in the regulation of inflammation and prevention
of infection.’>”

However, there are few in vivo studies that report
the positive biological effect of L-PRF in bone regenera-
tion.* L-PRF has been used alone on mouse calvaria
and enhanced the regeneration of the critical size bone
defect.’’ Some clinical studies have described the use of

3536 3 clinical model with

L-PRF in sinus lift procedures,
favorable osteogenic potential due to the presence of
multiple bone walls. Because of the absence of control
groups and histology at different stages of the healing
process, these case series do not prove the positive effect
of L-PRF compared with other types of space fillers.
Another clinical study showed a similar regenerated
bone quantity after 6 months in sinus lifts performed
using bovine hydroxyapatite alone or in combination
with L-PRE?” However, histological samples at earlier
steps in the bone regeneration process are needed to
demonstrate the hypothetical beneficial effect of L-PRF
on bone regeneration, but the harvesting of biopsies is
ethically complicated to perform in human studies. For
these reasons, it is relevant to use a standardized animal

model to evaluate the performance of L-PRF in bone
regeneration.

The goal of the present study was to assess the
efficacy of L-PRF on bone healing using a guided bone
regeneration model in rabbits. The benefits of L-PRF
were assessed alone or in combination with bovine
hydroxyapatite at several timepoints to evaluate the
kinetics.

Descriptive and quantitative histological

analyses were carried out.

MATERIALS AND METHODS

Animals

New Zealand White rabbits were used in this study
(adult males, average body weight of 3.0 kg). All experi-
mental procedures and protocols used in this investiga-
tion were reviewed and approved by the Institutional
Animal Care and Use Ethics Committee of the Univer-
sity of Liege, Belgium. The “Guide for the Care and
Use of Laboratory Animals,” prepared by the Institute
of Laboratory Animal Resources, National Research
Council, and published by the National Academy Press,
was followed carefully.

Study Design

A total of 72 hemispheres were implanted on the calvaria
of 18 rabbits so that four titanium hemispheres filled
with the four different studied materials were placed
on each rabbit: L-PRF, bovine hydroxyapatite (BHA;
Geistlich, Germany) only, BHA in combination with
L-PRE and an empty (control) hemisphere. The posi-
tion of each group on the rabbit’s skull was rotated.
Extra rabbits were available in case of technical difficul-
ties at the time of surgery. Six rabbits were sacrificed at
three distinct time points: 1 week, 5 weeks, and 12 weeks.
Therefore, each condition was repeated six times.

L-PRF Preparation

The L-PRF was produced extemporaneously according

to Choukroun’s protocol.*

Four dry tubes of approxi-
mately 2 mL of blood were collected from each rabbit.
They were centrifuged for 10 min at 400 g to obtain the
L-PRE. The L-PRF clot was then dissected from the red
cell clot and mixed with BHA or directly placed into the

hemisphere (Figure 1, A and C).

Surgical Procedure

For analgesia, 2 hours before and for 2 days after the
surgery, the rabbits received buprenorphine (0.05 mg/kg
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Figure 1 (A) L-PRF preparation, the red cell clot is removed; (B) the partial osteotomies; (C) L-PRF placed in the hemisphere;
(D) the hemispheres inserted in the partial osteotomies; (E) periosteal closure; (F) wound closure. L-PRF = leukocyte- and
platelet-rich fibrin.

s.c., 12 hourly). Rabbits received premedication with
thalamonal (fentanyl/droperidol) im. 0.22 mL/kg.
Anesthesia was induced by medetomidine (Domitor,
Orion Corporation, Espoo, Finland) im. 0.25 mg/kg
and a second injection of ketamine (Imalgene, Virbac,
Carros, France) im. 25 mg/kg. Surgical interventions
were performed under strict sterile conditions. The sur-
gical area was shaved and disinfected with iodine. A
median cutaneous incision was performed on the cal-
varia and the soft tissues were reflected to access the
left and right parietal bone. Four split thickness osteo-
tomies were performed with an 8 mm diameter tre-
phine under saline irrigation. To create a regeneration
chamber, titanium hemispheres of the same diameter
were filled with the four studied materials and anchored
in the grooves that resulted from the osteotomy. When
HA particles were used, they were slightly packed.
The wound was sutured with 4/0 polyester thread
(Permasharp, Hu-Friedy, Rotterdam, the Netherlands).
Animals were sacrificed by the injection of pentobarbital

i.v. 200 mg/kg after premedication with thalamonal
(fentanyl/droperidol) i.m. 0.22 mL/kg. Samples were
collected and soaked in fixative (10% formol).

Histological Analyses

The samples were treated for nondecalcified histology
using polymethacrylate (PMMA) resin. Dehydration
was performed in ascending concentrations of ethanol
for 24 hours (1 x70° 1x80°% 2x95° 3x100°) and
samples were then soaked for 24 hours in acetone. Then
samples were impregnated with methyl methacrylate
for 48 hours at —20°C with a refreshment of medium.
Finally, they were embedded in PMMA resin in the
presence of an initiator and propagator for radical
polymerization at 4°C for 4 days.

The samples were cut medially in two parts: one
part was used to produce 30-micron sections and
descriptive analyses of the regeneration chamber; the
second part underwent scanning electron microscopy
and subsequent quantitative analyses of newly formed
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bone and biomaterials. A diamond microtome saw
(Leica SP1600, Leica, Solms, Germany) and a grinder/
polisher (Metaserv 250, Grinder/Polisher, Bluewher,
Dusseldorf, Germany) were used. The sections were
mounted on glass plates and stained using methylene
blue (1%) for 90 seconds and basic fushin (0.3%)
for 25 seconds. The histological sections were acquired
using a slide scanner (Nanozoomer, Hamamatsu, Hama-
matsu City, Japan). Scanning electron micrographs were
taken (Hitachi TM3000 Tabletop Microscope, Hitachi,
Tokyo, Japan) at 50X magnification and contiguous
images were assembled to assess the complete regenera-
tion chamber. The resulting image allowed for the quan-
titative measurement of the mineralized bone and the
quantity of biomaterial based on their gray intensity
with the freeware Image] (Image]J, National Institutes of
Health, Bethesda, MD, USA). The following measure-
ments were made.

Newly formed bone surface: expressed as percent-
ages of the region of interest. Biomaterial surface:
expressed as percentages of the region of interest.
Noncalcified tissue surface: expressed as percentages
of the region of interest.

Statistical analysis

For each variable, all sample values were expressed as the
mean, standard deviation, minimum and maximum.
The bone quantity was analyzed using the multifactor
two-way analysis of variance (ANOVA) using time as the
second variable. The statistical significance level was 5%
(p <.05).

RESULTS

All animals recovered from surgery without complica-
tions and gained weight normally without signs of pain.
From 19 rabbits, 73 hemispheres were retrieved. One
extra rabbit was used at the first timepoint because of
technical complications at the time of surgery. Each
hemisphere was considered as a statistically independent
experimental unit, and there were at least six hemi-
spheres for each experimental condition. At euthanasia,
clinical observations of the dissected samples were
normal. Signs of inflammation, tissue necrosis, and
infection were not observed at any timepoint and in
none of the samples from the different groups.

After 1 week of implantation, none of the different
groups exhibited mineralized bone in the chambers
under the titanium hemispheres (Figure 2, A-D). The

chambers appeared to be uniformly filled with BHA
particles (Figure 2, C and D). Histology of the negative
controls revealed that the majority of the left empty
hemispheres appeared almost empty, not filled with
tissue or a blood clot. The colonization of the hemi-
sphere by connective tissue cells was low and was only
observed in the region of the osteotomies (Figure 2E).
For the L-PRF group, the L-PRF clot had substantially
collapsed, and exhibited the appearance of a mem-
brane (Figure 2F). The connective tissue cells were also
observed in the region of the osteotomy but did not
overrun into the L-PRF clot (Figure 2F). On the con-
trary, in the BHA samples, the connective tissues had
colonized a larger surface of the chamber under the
titanium hemisphere. Red blood cells were also observed
in most of the samples (Figure 2G). In the BHA + L-PRF
samples, L-PRF clots and voids were observed between
the particles.

After 5 weeks, mineralized bone was observed
in the chambers of all groups. The regenerated bone
had already significantly progressed from the bone
floor and was predominantly located along the walls of
the titanium hemisphere (Figure 3, A-D). For some
hemispheres, regardless of the group, the bone had only
grown from one side. In the BHA and BHA+L-PRF
groups, the newly formed bone was observed to be in
close contact with the BHA particle (Figure 3, G and H)
and the rest of the regeneration room was completely
colonized with highly vascularized connective tissues.
On the contrary, in the left empty and the L-PRF groups,
remaining blood clots were observed (Figure 3E).

After 12 weeks, most of the samples were fully
colonized with new bone tissue (Figure 4, A-D). The
noncalcified tissue portions were filled with bone
marrow and adipocytes in the lower parts of the
chamber and with connective tissue in the upper part
(Figure 4, E-H). The newly formed bone was again in
close contact with the BHA particles at 3 months, while
thin bone trabeculae were observed in the curvy shape
of the titanium hemisphere (Figure 4, G and H). The
BHA particles were still present after 12 weeks and did
not seem to degrade over.

Histomorphometric analysis corroborated the
qualitative results (Table 1). The bone quantity signifi-
cantly increased with time in the different groups: it was
0% after 1 week and increased to approximately 5%
at 5 weeks and 22% at 12 weeks. The presence of BHA
particles did not significantly favor or hamper the
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Figure 2 The same scale was used for A, B, C, D and E, F, G, H, respectively. SEM pictures at 1 week of: (A) empty hemisphere;
(B) L-PRF hemisphere; (C) BHA hemisphere; (D) BHA + L-PRF hemisphere. Methylene blue/basic fushine pictures: (E) empty
hemisphere, the black arrow indicates the groove of the osteotomy; (F) L-PRF hemisphere, the black arrows indicate the split
between L-PRF and the connective tissues; (G) BHA hemisphere, black arrow showing red blood cells; (H) BHA + L-PRF
hemisphere, the black arrow indicates the L-PRF. BHA = bovine hydroxyapatite; L-PRF = leukocyte- and platelet-rich fibrin;
SEM = scanning electron microscopy.

amount of mineralized bone. The amount of BHA
particles was not significantly different from 1 week
to 12 weeks, remaining approximately 30%. After apply-
ing two-way ANOVA to the bone quantity data with
time and conditions, no significant interaction effects
between the two were found (p =.7050). The different
conditions had no relevant effect on the quantity of
bone (p = .3623; Figure 5), while the time effect was sig-
nificant (p <.0001) (Table 1). The two-way ANOVA was
also used to analyze the quantity of bone hydroxyapatite
loaded in the BHA and BHA + LPRF groups. The time
effect and the condition effect (with or without L-PRF)
were significant (p =.01837 and p < .0001, respectively).

DISCUSSION

The effect of L-PRF on osteoblasts in promoting bone
formation has been widely explored in vitro,”* and the
results are promising. However, the clinical beneficial
effect of L-PRF on bone regeneration regarding the
kinetics of bone regeneration has been improperly
explored. A few clinical trials were carried out using
L-PRF in sinus lift models,”” lacking a control group
and sufficient subjects/specimens. The aim of the
present study was to assess the impact of L-PRF on

guided bone regeneration in a standardized model alone
or in combination with BHA. The main studied para-
meter was the bone quantity.

The results displayed the presence of adequate
osteogenesis in the four groups and no significant dif-
ference was observed at any timepoint in terms of regen-
erated bone quantity (p =.3623). These results might be
surprising according to the multiple in vitro studies that
show an increase in osteoblast proliferation, differentia-

tion, and protein production®2

when cultured in pres-
ence of L-PRF. However, in an in vivo model, the lack
of a positive effect of L-PRF on the kinetics, quality,
and quantity of bone regeneration could be due to the
early placement of L-PRF at the time surgery. Indeed,
the load of L-PRF takes place while neither connective-
vascularized tissue nor osteoblast precursors are avail-
able on site. According to the literature, L-PRF is active
26,27,30

for 7 days which does not seem to be long enough
in the context of a cell-free environment like the tita-
nium hemisphere used here. Nevertheless, if the present
study does not seem to emphasize the presence of faster
bone regeneration with L-PRF compared with the other
groups, the limitations of the study have to be consid-

ered, because the model is not a critical size defect but a
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Figure 3 The same scale was used for A, B, C, D and E, E, G, H, respectively. SEM pictures at the 5-week time point:

(A) empty hemisphere, the white arrow shows the bone growing against the wall; (B) L-PRF hemisphere; (C) BHA hemisphere;
(D) BHA + L-PRF hemisphere. Methylene blue/basic fushine pictures: (E) empty hemisphere, the white arrow indicates a massive
blood clot; (F) L-PRF hemisphere; (G) BHA hemisphere, the white arrow indicates the titan wall; (H) BHA + L-PRF hemisphere,
the white arrow indicates the titan wall. BHA = bovine hydroxyapatite; L-PRF = leukocyte- and platelet-rich fibrin; SEM = scanning
electron microscopy.
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Figure 4 The same scale was used for A, B, C, D and E, E, G, H, respectively. SEM pictures at the 12-week time point of: (A) empty
hemisphere; (B) L-PRF hemisphere; (C) BHA hemisphere; (D) BHA + L-PRF hemisphere. Methylene blue/basic fushine pictures:
(E) empty hemisphere; (F) L-PRF hemisphere; (G) BHA hemisphere; (H) BHA + L-PRF hemisphere. BHA = bovine hydroxyapatite;
L-PRF = leukocyte- and platelet-rich fibrin; SEM = scanning electron microscopy.
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TABLE 1 Bone Quantity, Biomaterial Quantity, and ANOVA-2 Results

Bone Quantity

BHA Quantity

Mean (SD) Mean (SD) ANOVA 2
(Min-Max) (Min-Max) On % Bone p-Value
Group Time (%) (%) Time Effect Group Effect Interaction
Empty 1 0.00 (0.00) 0.00 (0.00) <.0001 3623 .705
(0.00-0.00) (0.00-0.00)
L-PRF 1 0.00 (0.00) 0.00 (0.00)
(0.00-0,00) (0,00-0.00)
Bio-Oss 1 0.00 (0.00) 40.20 (5.34)
(0.00-0.00) (32.80—44.65)
BHA + LPRF 1 0.00 (0.00) 34.50 (3.68)
(0.00-0.00) (29.6-39.70)
Empty 5 7.43 (4.41) 0.00 (0.00)
(1.64-12.9) (0.00-0.00)
L-PRF 5 11.25 (4.59) 0.11 (0.26)
(5.91-17.07) (0.00-0.64)
BHA 5 6.87 (2.73) 39.12 (4.52)
(3.60-10.60) (36.00-45.73)
BHA + LPRF 5 7.20 (4.10) 26.25 (6.01)
(3.00-13.60) (21.48-36.33)
Empty 12 25.77 (8.41) 0.00 (0.00)
(12.80-36.43) (0.00-0.00)
L-PRF 12 24.11 (6.57) 0.00 (0.00)
(15.88-34.41) (0.00-0.00)
BHA 12 21.15 (7.24) 34.07 (4.26)
(11.00-30.00) (27.15-40.02)
BHA + LPRF 12 21.42 (7.37) 29.20 (5.35)

The effect of time was significant, but there are no significant effects of the presence of biomaterial or L-PRFE.
ANOVA = analysis of variance; BHA = bovine hydroxyapatite; L-PRF = leukocyte- and platelet-rich fibrin.

bone augmentation model. A possible alternative to
regenerate bone would be to load scaffolds with mesen-
chymal stem cells at the time of surgery. Indeed, it has
been shown that human mesenschymal stem cells
(hMSCs) harvested under local anesthesia from bone
marrow or adipose tissue are easily isolated and ampli-
fied in culture to several hundred millions in 2 to 3
weeks. When associated with biomaterial or fibrin
scaffolds at the time of surgery, hMSCs are able to regen-
erate bone tissue by osteoinduction.

It has been stated that L-PRF could also stimulate
fibroblast migration and angiogenesis in vitro.”” Accord-
ing to the present findings, L-PRF did not seem to have
any positive effect on connective cell proliferation inside
the regeneration room. The reason might be because
of the high density of L-PRF that even seems to block
cell penetration (Figure 2F). As stated before, the L-PRF

would be a good support for the migration of fibro-
blasts* and angiogenesis,***' because its fibrin structure
can be penetrated by fibroblasts.””*! However, no differ-
ence in cell colonization was observed in our model in
the presence of L-PRE. In clinical studies, L-PRF seems

to facilitate the regeneration of soft tissues,”*™*!

suggest-
ing an effect on fibroblast migration or prolifera-
tion. Again, this effect was not observed in this study.
However, it has never been clearly shown that fibroblasts
are able to migrate inside the L-PRF. Instead, it might be
that cells progress and develop around the L-PRE which
would effectively promote cell migration. In the present
study, we did not observe any effect of L-PRF on cell
colonization, although no cell counting in the chambers
was performed.

We observed that BHA particles mixed with L-PRF

were less packed than the BHA alone. This explains
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Figure 5 Distribution of the bone quantity over time in the different groups. There is no significant difference between the four

groups.

the significant difference in terms of the BHA particle
surface in the two conditions, and this difference should
not be interpreted as biomaterial resorption in the
presence of L-PRF. Nevertheless, the quantity of bone
was not significantly different between the two groups,
even though the BHA particles were less packed in the
L-PRF + BHA group.

Osteoconduction was clearly observed along the
titanium walls, and the shape of bone trabeculae
appeared to be driven by the hemisphere architecture
(Figure 3, G and H). This observation is in accordance
with the results of other studies that used a similar
model”™ and could be explained by the fact that
the titanium surface was not completely smooth.’®*>*
Moreover, in many samples at 5 and 12 weeks, the regen-
erated bone was found only on one side of the hemi-
sphere. The hypothetical explanation of this observation
might be related to the lack of basal bone perforation*
and thereby an unhomogenous blood supply comes
mainly from the osteotomy.

The L-PRF might also have an antibacterial effect
related to the presence of leukocytes. However, this
hypothesis was not explored in the present study, and
further investigation of that matter may be of interest.

CONCLUSION

According to the present study, L-PRF does not seem to
provide any additional effect on the kinetics, quality, and
quantity of guided bone regeneration in vivo. Further

investigations, including critical size defect models,
are needed to confirm these findings. Nevertheless, no
negative effect was observed, and its clinical use in oral
surgery might be relevant for soft tissue healing.
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