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Abstract Keywords

The aim of the present study was to evaluate the effect of injectable platelet-rich fibrin (i- Injectable PRF, knee regeneration, low speed
PRF) on cultivated chondrocytes and osteochondral regeneration in critical-sized osteo- centrifugation concept, platelet concen-
chondral defect of the rabbit’s knee in comparison to autologous platelet-rich plasma trates, platelet-rich fibrin, platelet-rich
(PRP). Chondrocytes were first investigated for their ability to proliferate and differentiate plasma

in response to PRP and i-PRF. Thereafter, full-thickness critical-sized osteochondral defects
5 mm in diameter and 5 mm in depth were created in the knee joint of 12 adult female  Hijstory
New Zealand White rabbits. Defects were regenerated with either PRP or i-PRF and .
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compared to control. Animals were sacrificed at 4 and 12 weeks postoperatively and Revised 4 October 2017
evaluated histologically by macroscopic and microscopic examination for cartilage regen-

. . e . . Accepted 26 October 2017
eration. i-PRF significantly promoted chondrocyte proliferation and mRNA levels of Sox9, Published online 11 December 2017
collagen type Il, and aggrecan when compared to PRP and control. Histological analysis
revealed that at 4 weeks, macroscopic ICRS scores from the i-PRF group were significantly
enhanced when compared to the PRP and control groups. At 12 weeks post surgery, the
microscopic ICRS scores demonstrated that the i-PRF group significantly improved carti-
lage regeneration when compared to PRP. In conclusion, the use of i-PRF using the low
speed centrifugation concept significantly promoted chondrocyte activity and further
improved cartilage regeneration when compared to PRP. The histological results revealed
early and better cartilage regeneration within 4 weeks postoperatively when i-PRF was
utilized and the results were maintained at 12 weeks. Future clinical studies are now
needed investigating the regenerative potential of i-PRF in comparison to PRP for knee
regeneration.

Introduction Over the last 20 years, several treatment strategies have been
proposed for knee regeneration including autologous chondrocyte
implantation (ACI) [5]. Other examples of treatments for cartilage
lesions include bone marrow stimulation techniques, such as
microfracture procedures that aim to recruit bone marrow ele-
ments to repair cartilage defects [6]. The results obtained for these
treatment modalities however remain controversial with no ideal
treatment modality for long-term success [1]. Often, these treat-
ment strategies result in the formation of fibrocartilaginous tissue
rather than normal articular cartilage. The repaired tissue there-
fore lacks the desired mechanical properties or zonal organization
of the extracellular matrix (ECM) similar to those of the native
articular cartilage and the biological and functional outcome of
these treatments requires further improvements [7-9]. The ideal
treatment modality should provide excellent repair fill with hya-
Col.or versions of one or more (_)f the figures in the article can be found  {ipe cartilage and maintain the quality of subchondral bone [10].
online at www.tandfonline.com/iplt. In an effort to improve the repair of osteochondral defects,
Correspondence: Richard Miron, University of Bern, Switzerland,  pio]ogical products have seen increasing interest as an adjunct to

Richard, E-mail: miron@zmk.unibe.ch surgical treatment and have also been utilized as a primar
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Articular cartilage has a limited intrinsic ability for self-
repair. Under physiological circumstances, injuries to the
articular cartilage rarely heal spontaneously and usually result
in further joint destruction and osteoarthritis [1-3]. One of
the main reasons for this poor healing potential is due to the
limited source of blood supply and its isolation from systemic
regulation leading to hypocellularity [3]. Consequently, the
aim of cartilage therapy procedures is to repair damaged
joint surfaces with a functional tissue [4]. This however
remains a challenge for orthopedic surgeons with no predict-
able means to fully regenerate lost or damaged tissues.
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treatment modality [11,12]. One such biological product is plate-
let-rich plasma (PRP), which can easily be derived from auto-
logous peripheral blood by centrifugation of whole blood yielding
a 6 to 8 fold increase in growth factor concentration [13]. Platelet
concentrates are rich in growth factors including platelet-derived
growth factor (PDGF), transforming growth factor (TGF-b), vas-
cular endothelial growth factor (VEGF), basic fibroblast growth
factor (bFGF), and insulin-like growth factor (IGF) [13,14].
Furthermore, PRP has been shown to increase chondrocyte and
mesenchymal stem cell proliferation, proteoglycan production,
and type II collagen deposition [15,16].

One of the reported drawbacks of PRP is the additional use of
anti-coagulants, known suppressors of wound healing. For these
reasons, a second generation platelet concentrate termed platelet-
rich fibrin (PRF) was developed to further improve wound healing
in comparison to PRP [17]. Standard PRF contains a 3-dimensional
fibrin matrix following centrifugation, however this is not ideal for
knee regeneration where injection of PRP has been shown to be one
of the gold standards due to its ease of use. Interestingly, the
pioneering development of the low speed centrifugation concept
introduced the development of a new formulation of PRF whereby a
liquid formulation of PRF could be obtained for injectable purposes
(i-PRF) without using anti-coagulants [18-20]. This new platelet
concentrate does not contain any anti-coagulants, maintains a liquid
viscosity for roughly 15 minutes following centrifugation and inter-
estingly can be injected in a similar method to PRP yet bears the
added advantage of forming a fibrin clot shortly after injection.
Therefore, the purpose of this study was to evaluate the effect of
i-PRF on chondral tissue regeneration. The first aim of the study
was to compare the effect of i-PRF and PRP on cultured chondro-
cytes in vitro. The secondary aim was to compare the efficacy of
i-PRF and PRP on regeneration of critical-sized osteochondral
defects in the rabbit’s knee.

Materials and methods
Preparation of PRP and i-PRF

Five adult rabbits were used to isolate PRP and i-PRF. For PRP,
10 mL of whole blood treated with anticoagulant (sodium
citrate) was centrifuged at 900 X g for 5 min to separate the
plasma from hemocyte (erythrocyte and leukocyte) fractions
and then the plasma was centrifuged a second time at
2000 x g for 15 min to separate PRP from platelet-poor plasma
(PPP) [21]. In total, 1 mL of PRP was isolated from 10 mL of
whole blood. The i-PRF was produced as follows: 10 mL of
whole blood without anticoagulant was immediately centrifuged
at 700 rpm for 3 min (60g force) with Choukroun PRF Duo
Centrifuge (Process for PRF, Nice, France). The 1 mL upper
plasma layer was then collected and designated as i-PRF. The
collected PRP and i-PRF were then transferred to 6-well in
vitro plastic culture dishes with 5 mL of culture media
(Dulbecco’s Modified Eagle Medium (DMEM); HyClone,
Thermo Fisher Scientific Inc., Beijing, China) and processed
as further described.

Isolation of chondrocytes

Pieces of cartilage from the femoral condyle of an adult rabbit
was collected and washed three times with phosphate buffered
saline (PBS; pH 7.2) containing 1% antibiotics and cut into small
pieces with sterilized surgical scissors. The cartilage tissue pieces
were then transferred into T25 tissue culture flasks containing
minimal DMEM and allowed to adhere for 2 h. Then, 3 mL of
DMEM containing 20% fetal bovine serum (FBS; Gibco,
Australia) and antibiotics was added. After one week when cells
reached confluency, cells were trypsinized and cultured in
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DMEM with 10% FBS. Chondrocytes used for experiments
were chosen from passages 3-7.

Cell culture

Platelet concentrates including PRP and i-PRF were incubated for
three days in a humidified 5% CO2 atmosphere at 37°C and
thereafter conditioned media was collected and utilized in future
experiments as 20% of the total volume as previously described
[22]. Chondrocytes were detached from tissue culture plastic
using trypsin (HyClone) prior to reaching confluency. Cells
were cultured in a humidified atmosphere at 37°C in growth
medium consisting of DMEM, 10% FBS and 1% antibiotics.

The effects of PRP and i-PRF on chondrocytes proliferation

The effects of PRP and i-PRF on the proliferation of chondrocytes
were determined by the Cell Counting Kit-8 (Dojindo, Japan) at
time points 1, 3 and 5 days and measured by a microplate reader
scanning at 450 nm (PowerWave XS2, BioTek, Winooski, VT,
USA) as previously described [23].

The effects of PRP and i-PRF on chondrogenesis-related
genes expression

Real-time PCR was used to investigate the effects of PRP and i-PRF
on chondrogenesis-related genes expression. Chondrocytes were
cultured with PRP or i-PRF in 24-well plates. After seven days of
culture, total RNA was extracted from the cultured cells using
AxyPrep™ Multisource Total RNA Miniprep Kit (AXYGEN,
Union City, CA, USA) according to the manufacturer’s instructions.
The RNA concentration was determined by a NanoDrop 2000 UV-
Vis Spectrophotometer as previously described [24]. A total of 1 ug
RNA solution was converted to complementary DNA using a First
Strand cDNA Synthesis Kit (GeneCopoeia, Rockville, MD, USA)
to a final volume of 100 pL. The sequences of primers for SOX9,
collagen type Il alpha 1 (COL2A1), aggrecan (ACAN) and glycer-
aldehyde 3-phosphate dehydrogenase (GAPDH) genes of rabbits
are listed in Supplemental Table 1. The AACt method was used to
calculate gene expression levels relative to house-keeping gene
GAPDH and normalized to control cells.

The effects of PRP and i-PRF on cartilage regeneration in an
inflammatory environment induced by il-13

Chondrocytes were cultured in the presence of IL-1f to mimic an
osteoarthritic environment. Briefly, chondrocytes were cultured
with or without 10ng/mL IL-1f and the addition of PRP and
i-PRF for 48 hours, and then total RNA was isolated from chon-
drocytes for detection of the expression of SOX9, COL2A1, ACAN,
a disintegrin and metalloproteinase with thrombospondin motifs 4
(ADAMTSA4), prostaglandin-endoperoxide synthase 2 (PTGS2) and
matrix metalloproteinase 13 (MMP13) genes using RT-PCR as
previously described. GAPDH was used as a house keeping gene.

Statistical analysis for in vitro study

Statistical analysis was performed by one-way ANOVA using
Graphpad Software v.6 (Graphpad Software, La Jolla, CA,
USA). Statistical significance was set at p < 0.05. All data are
expressed as the mean + SE. All in vitro experiments were

performed in triplicate with three independent experiments.

Animals and surgical procedure

A total of 12 adult female New Zealand White (NZW) rabbits
(weighing 2.5 — 3.0 Kg) were used in this study. Prior to the start
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of the experiments, animal handling and surgical protocols were
conducted according to the guidelines for animal care and use
committee of Wuhan University, People’s Republic of China, and
approved by the Ethics Committee at the School of Dentistry. This
animal study also followed the ARRIVE guidelines for animal
research. All rabbits were first allowed to acclimate to the facility
for one week prior to the surgery. They were fed in separate cages in
a temperature-controlled room with free access to antibiotic-free
food and water. The animals were divided into three groups includ-
ing 1) control group, 2) PRP group, and 3) i-PRF group.

The rabbits were generally anesthetized with intraperitoneal
injection of chloral hydrate (10%, 4 mL/kg body weight) and were
placed in a supine position. Antibiotic prophylaxis was given
30 min prior to surgery [25]. Following shaving and standard
sterile preparation of both lower extremities, the surgical techni-
que was performed bilaterally (right and left knees). The knee
joint was opened through medial para-patellar approach [10]. A
4 cm medial para-patellar arthrotomy was performed and the
patella was dislocated laterally to expose the surface of femoro-
patellar groove. The joint was then carefully inspected to ascertain
whether any pre-existing cartilage pathology was present.

A full-thickness defect of 5 mm in diameter and 5 mm in depth
was created through the articular cartilage and subchondral bone in
the center of the patellar groove in rabbits of each group by using a
drill-equipped with a 5 mm bur. The defects were then debrided of
any remaining osseous or cartilage fragments and were irrigated
with 0.9% sterile saline solution. In group I, the defects were left
untreated (control group, n = 4). In group II, the defects were filled
with 1 mL of PRP only (PRP group, n = 4). In group III, the defects
were filled with 1 mL of i-PRF (i-PRF group, n = 4).

The wound was closed in two layers with interrupted pattern.
Prior to concluding the surgical procedure, the knee was moved
through a full range of motion to ensure that normal patellar
tracking occurred. All the rabbits were given penicillin (15 mg/
kg body weight) for 3 days post-operation. The animals were
housed individually in standard rabbit cages and allowed to free
movement without joint immobilization.

Animals were sacrificed at 4 and 12 weeks post-operatively
with an overdose of anesthesia. The samples were examined for
gross and histopathological examinations. The size of the samples
was four for each group at each time point.

Macroscopic morphology

At necropsy, the distal parts of the femurs were excised, photo-
graphed and graded for cartilage repair, according to the
International Cartilage Repair Society (ICRS) macroscopic scor-
ing system on a scale from O to 12 (Supplemental Table 2) as
previously described [25].

Histological examination

After macroscopic evaluation, the samples were fixed in 4%
formaldehyde for 7 days, decalcified in 10% ethylene diamine
tetraacetic acid (EDTA) for 4 weeks at room temperature, dehy-
drated in a series of alcohol from 70% to 95% and then embedded
in paraffin wax. After embedding, the samples were cut into 5 um
sections. Then, the sections were stained with hematoxylin and
eosin for ICRS histological scoring and Safranin O/fast green to
assess glycosaminoglycan content. The ICRS histological score is
graded on a scale of 0 to 18 (Supplemental Table 3) [26].

Statistical analysis for in vivo study

All the results were reported as mean + standard deviations. A one-
way ANOVA was used to carry out statistical analysis. p < 0.05 was
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considered as statistically significant. All the values were analyzed
using the SPSS software (version 20.0; IBM, America).

Results
Chondrocytes proliferation

At 1 day post seeding, no significant difference was observed in
chondrocyte numbers between all groups, regardless of the pre-
sence of PRP and i-PRF. However, at 3, 5 and 7 days post-
seeding, it was found that both PRP and i-PRF significantly
increased the proliferation rates of chondrocytes in comparison
to control tissue culture plastic. Furthermore, i-PRF was signifi-
cantly higher than PRP at 5 and 7 days (Figure 1).

Chondrogenesis-related genes expression

The mRNA levels of chondrogenesis-related genes SOX9, Col2A1
and ACAN were evaluated by real-time PCR. It was found that both
PRP and i-PRF increased the expression of SOX9, COL2A1 and
ACAN at 7 days when compared to controls with i-PRF demon-
strating the highest expression of these three genes (Figure 2).

The effects of PRP and i-prf on cartilage regeneration in an
inflammatory environment induced by il-1f

IL-1P was utilized to simulate an osteoarthritic condition. It was
found that II-1f inhibited the expression of SOX9, COL2A1 and
ACAN in chondrocytes, while it increased expression of
ADAMTS4 and PTGS2. Compared to the IL-1p group, the addi-
tion of PRP and i-PRF upregulated the expression levels of pro-
regenerative genes including SOX9, COL2A1 and ACAN and
downregulated the expression levels of ADAMTS4, PTGS2 and
MMP13. Furthermore, i-PRF demonstrated the highest expression
of SOX9, COL2A1 and ACAN and the lowest expression of
ADAMTS4 and PTGS2 (Figure 3).

Macroscopic observation of the cartilage defects

The regenerated osteochondral defect areas of all groups were
examined macroscopically at the 4th and 12th week following
surgery (Figure 4). At 4 weeks, the macroscopic appearance of
the treated defects in the i-PRF group revealed nearly complete

Cell proliferation
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Figure 1. Effects of PRP and i-PRF on the proliferation of rabbit chon-
drocytes at 1, 3 and 5 days. (* denotes significant difference between two
groups p < 0.05, ** denotes significantly higher than all other treatment
groups p < 0.05). Assay performed in triplicate with 3 independent
experiments.
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healing with white opaque tissue and good integration with the
surrounding healthy cartilage tissue (Figure 4). The PRP and
control-treated groups showed white and reddish opaque, pat-
chy tissues without integration to the surrounding healthy car-
tilage tissue when compared to the i-PRF group (Figure 4A, B
& C). The ICRS score of the control group was significantly
lower than the PRP and i-PRF groups, while the ICRS score of

the i-PRF group was significantly higher than the PRP group
(p < 0.05) (Figure 5a). At 12 weeks, the macroscopic appear-
ance showed no significant difference between all groups and
all demonstrated a smooth surface and good integration to the
surrounding healthy cartilage tissue (Figure 4D, E & F). No
significant differences in the ICRS scores were observed
(p < 0.05) (Figure 5b).
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operatively. Data are represented as mean + SD. #: significantly lower than PRP and i-PRF groups; p < 0.05.

Microscopic observation of the cartilage defects

The regenerated areas of the osteochondral defects of all groups
were evaluated microscopically by H & E staining and Safranin O
staining at 4 and 12 weeks postoperatively. At 4 weeks, the micro-
scopic appearance of the treated defects in the i-PRF group
(Figure 6¢ & f) (Figure 7c & f) revealed complete repair of the
cartilage defect with hyaline tissue (positively stained with Safranin
O staining), a smooth surface and normal thickness of the adjacent
healthy cartilage tissue. It was also observed that better integration
of the repaired tissue with surrounding articular cartilage was
visualized. In addition, the repaired tissue showed clusters of large
round cells rich in cytoplasm (chondrocytes-like cells). The sub-
chondral bone in the i-PRF treated group was also regenerated
under the repaired cartilage tissue and increased bone remodeling.
The PRP treated group and the control group showed complete
filling of the defect with proteoglycan-rich tissue positive for
Safranin O staining with increased remodeling of the subchondral
bone (fibro-cartilage-like tissue rather than bone tissue) (Figure 6a,
b, d & e) (Figure 7a, b, d & e). The repaired tissue showed either
scattered single or isogenous groups of fairly large round cells rich

in cytoplasm. The ICRS score at 4 weeks demonstrated that the
i-PRF group was significantly higher than the PRP and control
groups (p < 0.05) (Figure 8a). At 12 weeks, the microscopic
appearance of the treated defect in the i-PRF group (Figure 61 &
1) (Figure 7i & 1) showed complete regeneration of the cartilage and
subchondral bone areas with complete integration to the adjacent
normal tissues and normal chondrocytes. In the PRP and control
groups, the cartilage defect revealed slightly less than complete
regeneration with good integration to the adjacent healthy cartilage
tissue only after 12 weeks (Figure 6g, h, j & k) (Figure 7g, h, j & k).
The subchondral bone in both the PRP and control groups showed
incomplete regeneration with remaining bone defects. The ICRS
score of the control group was significantly lower than the i-PRF
and PRP groups, while the i-PRF group was significantly higher
than the PRP group (p < 0.05) (Figure 8b).

Discussion

Cartilage injury and repair remains a major clinical challenge
despite advances made in surgical techniques and procedures.
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Recently, much effort has been directed to enhance the potential
for cartilage to heal via natural processes [27]. The present study
aimed to investigate for the first time the effect of a novel
injectable PRF modality (i-PRF) on cartilage repair in critical-
sized osteochondral defects in a rabbit model in comparison to the
frequently utilized PRP.

Over the past decade, PRP has been used as a gold standard for
tissue regeneration of the knee as it serves as a source of autologous
growth factors, and has gained wide acceptance in several surgical
applications such as bone regeneration in orthopedic surgery, period-
ontal and maxillofacial surgery, otolaryngology, and plastic surgery
[28,29]. PRP has the ability to release endogenous growth factors
that play a significant role in the tissue repair process especially
those with low vascularization and cellular density [30].

Nevertheless, while PRP remains a gold standard for mini-
mally-invasive surgery for athletes and the elderly, the results
investigating chondral tissue repair have been controversial
[31,32] and many believe this may be attributed to the various
compositions of PRP fractions of plasma [32]. Wu et al. in 2007
reported that the ability for cartilage formation within PRP scaf-
folds was enhanced when PRP was used as a carrier system for
cultured autologous chondrocytes in a rabbit model [33]. In a
study by Qi et al. in 2009, autologous PRP demonstrated that PRP
improved collagen matrix synthesis and stimulated cartilage for-
mation in larger cartilage defects that required osteochondral
grafts or autologous chondrocytes implantation [10]. In another
study by Lee et al. in 2013, it was suggested that the repair of the
osteochondral defects of the rabbits’ knee can be facilitated by
transplantation of PRP gel with synovial membrane derived
mesenchymal stem cells (SDSCs) [1]. Lastly, it was previously
reported that growth factors in PRP are considered as a therapeu-
tic possibility for enhancing chondral repair to treat the degener-
ated osteoarthritic knees in their early stages [13].

Interestingly, numerous advancements have been made with
respect to platelet concentrates over the past decade. PRF is a
platelet concentrate that forms a 3-dimensional matrix containing
all the cellular and molecular elements needed for tissue repair
[34]. It contains a higher concentration of blood derived growth
factors yet is easier to produce with less time required for cen-
trifugation and no additives [35]. The PRF matrix has the ability
to trap circulating cytokines [36], and therefore their lifespan is
increased which improves their usage in the primary stages of
matrix remodeling. The additional use of PRF to BM-MSCs
transplants in an osteochondral defect study by Haleem et al. in
2010 found that PRF significantly improved functional scores of
the knee joint within 6 months and as assessed by MRI [37].

While PRF has been used as a 3-dimensional scaffold, it was
recently shown that lower centrifugation speeds and time affect
growth factor release and cell bioactivity of PRF-based matrices
[18-20,22]. High centrifugation speeds tend to push cells toward
the bottom of the centrifugation tubes and away from the PRF
matrix clot collected in the upper layer [17]. Therefore, a reduction
in G-force has been shown to optimize PRF [17]. Nevertheless,
PRF contains a 3-dimensional fibrin matrix, not necessarily ideal
for knee regeneration where injection of PRP has been shown to be
a gold standard for minimally invasive procedures. Interestingly, a
new injectable liquid formulation of PRF (i-PRF) has been devel-
oped by further lowering centrifugation speeds (60 g force for
3 minutes) whereby i-PRF can be utilized for injectable purposes.
This differs significantly in G-forces to produce platelet concen-
trates as previous formulations of PRP utilize a 2000 g-force. This
new platelet concentrate does not contain any anti-coagulants,
maintains a liquid viscosity for roughly 15 minutes and interest-
ingly forms a fibrin clot within the knee following injection.
Therefore, it possesses many ideal properties for chondral
regeneration.

PRP and i-PRF have many advantages over products derived
from animal origins and recombinant growth factors as they do
not create an immunological reaction or carcinogenic effects, and
the cost of using such therapies is considerably lower. In addition,
i-PRF has additional advantages when compared to PRP in that
i-PRF is produced with a single centrifugation protocol and con-
tains a higher concentration of leukocytes. In the present study,
we investigated for the first time the regenerative potential of
i-PRF as a potential platelet concentrate for cartilage
regeneration.

The results demonstrated that i-PRF had a significantly posi-
tive effect on osteochondral formation as shown by histological
analysis (Figures 6 & 7). The present study was also confirmed
with the recently introduced concept by Evans et al. 2007 known
to facilitate endogenous cartilage repair using molecular stimuli
to initiate the reparative process in situ [38]. It is known that a
full-thickness cartilage defect more than 3 mm have no ability to
heal spontaneously [39]. In the present study, the standard size of
5 mm diameter X 5 mm depth was chosen and the defects were
treated with PRP, i-PRF, or left empty. Interestingly, autologous
i-PRF initiated and enhanced a rapid and complete cartilage repair
significantly faster than PRP. The results showed that i-PRF
exhibited its superiority at 4 and 12 weeks post-surgery and
played a positive role in the reparative process of cartilage
defects. This may be attributed to the increased concentration of
platelets, leukocytes and growth factors that initiates the
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migration and proliferation of chondroblasts and BMSCs at early
stages of cartilage regeneration [10]. Noteworthily, in the present
study, the defects were created in a young rabbit animal model. In
humans, osteoarthritis is a long-term chronic disease that affects
millions of people worldwide. Human pathological defects are
clearly harder to regenerate than those created in the present study
absent of systematic inflammation. Therefore, the significant
increase in regeneration as found in the present study with
i-PRF is likely to further promote hard-to-heal human cartilage
defects in the elderly. Future clinical studies are however needed
to confirm this hypothesis.

In a previous study by Qi et al. in 2009, it was demonstrated that
repaired cartilage at the edges of the defects was better than that at
the central region of the defect (the neo-cartilage tissue was formed
from the edges of native cartilage to the center of the defect without
bridging the defects). The authors attributed that this may be due to
the migration potential of chondrocytes from the nearby native
cartilage [10]. The present study was in agreement with these find-
ings. It was recently shown in various cell culture models that i-PRF
significantly promoted better recruitment of various cells when
compared to PRP [20,21,40]. Therefore, it was anticipated that
i-PRF could more evenly regenerate cartilage in the present study
as a result of its increased ability to recruit cells toward defective
tissues. The present study also confirmed our hypothesis that the
early repair of subchondral bone with i-PRF had a positive effect on
the repaired cartilage tissue at earlier time points.

One remaining aspect left to investigate is the role of incorpor-
ating leucocytes into platelet concentrates. The impact of leuko-
cytes within platelet formulations has been debated not only in the
cartilage regenerative field but also in other fields including soft
tissue regeneration as well as bone regeneration. Several groups
have therefore performed experiments to investigate the direct
role of leukocytes into various platelet concentrates. In the bone
regenerative field, three separate studies performed by indepen-
dent groups investigated the regenerative potential of PRP with or
without leukocytes. In each of these studies, a significant
improvement in the regenerative potential of PRP was observed
when leukocytes were added [41-43].

In the cartilage field, little data is available specifically inves-
tigating the direct role of white blood cells/leukocytes in platelet-
induced regeneration. To the best of the authors knowledge, most
of the studies are inconclusive or do not directly investigate the
role of leukocytes specifically via knockdown or knockin models.
Our group has however investigated in a series of studies, the in
vitro impact of addition of leukocytes on cellular behavior and
growth factor release. In these studies it was found that a higher
leukocyte number favored more growth factor release and tissue
wound healing [22,44]. With respect to the two modalities utilized
in this study (PRP and i-PRF), our group has recently performed 3
in vitro studies comparing the liquid injectable PRF (high con-
centration of leukocytes) directly to PRP (low concentration of
leukocytes) [20,21,40]. In each of these studies, the i-PRF gener-
ated more favorable results and it was hypothesized that the
incorporation of leukocytes played a major role as the concentra-
tion of growth factors between i-PRF and PRP was very similar.
Therefore, it is believed that the better wound healing properties
of i-PRF have to do with A) anti-coagulant removal and/or B)
incorporation of leukocytes [20,21,40]. Nevertheless, much
further research is necessary to determine the beneficial role of
leukocytes during cartilage repair.

Conclusion

The results from the present study demonstrated for the first time
the superior cartilage regeneration potential of i-PRF using the
low speed centrifugation concept in the early stages of cartilage
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repair. While it was found that PRP improved the osteochondral
repair process by 12 weeks, the results obtained with i-PRF were
significantly superior as early as 4 weeks post-surgery. In conclu-
sion, it was found that autologous i-PRF improved the subchon-
dral bone plate in the early stages of cartilage regeneration in as
little as 4 weeks post-surgery. Further large animal studies and
human clinical trials are now needed to further investigate the
chondral repair potential of i-PRF.
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