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Background: Articular cartilage injuries of the knee are among the most debilitating injuries leading to osteoarthritis due to limited
regenerative capability of cartilaginous tissue. The use of platelet concentrates containing necessary growth factors for cartilage healing
has recently emerged as a new treatment method.

Objectives: The efficacy of two types of different platelet concentrates were compared in the treatment of acute articular cartilage injuries
of the knee in an animal model.

Materials and Methods: Eighteen adult Iranian mixed breed male dogs were used to conduct this experimental study. Full thickness
articular cartilage defects (diameter 6 mm, depth 5 mm)were created in the weight bearing area of femoral condyles of both hind limbs in
all dogs (n=72). Twelve dogs were randomly selected to receive treatment and their right and left hind limb defects were treated by L-PRP
and L-PRF implantation respectively, while no treatment was undertaken in six other dogs as controls. The animals were euthanized at 4,
16 and 24 weeks following surgery and the resultant repair tissue was investigated macroscopically and microscopically. At each sampling
time, 4 treated dogs and 2 control dogs were euthanized, therefore 8 defects per group were evaluated.

Results: Mean macroscopic scores of the treated defects were higher than the controls at all sampling times with significant differences (P
<0.05) observed between L-PRF treated and control defects (10.13 vs. 8.37) and L-PRP treated and control defects (10 vs. 8.5) at 4 and 16 weeks,
respectively. A similar trend in mean total microscopic scores was observed with a significant difference (P < 0.05) between L-PRP treated
and control defects at 4 (9.87 vs. 7.62) and 16 (13.38 vs. 11) weeks. No significant difference was observed between the platelet concentrate
treated defects in either mean macroscopic scores or mean total microscopic scores.

Conclusions: Both I-PRP and L-PRF could be used to effectively promote the healing of articular cartilage defects of the knee.
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1. Background

Articular cartilage injuries associated with trauma or
overuse are common in the knee joint and if untreated
can become symptomatic and progress to osteoarthritis.
In a retrospective review of over 31000 knee arthrosco-
pies, chondral lesions were found in 63% of patients with
an average of 2.7 lesions per knee, while another study
of 993 consecutive knee arthroscopies reported articu-
lar cartilage pathology in 66% of patients with localized
full thickness lesions observed in 11% of the knees (1, 2).
Articular cartilage is devoid of blood vessels and nerves
with low presence of chondrocytes with minimum mi-
totic activity, therefore this particular tissue has little or
no potential for healing compared with other tissues. The
inability of articular cartilage to regenerate was first re-
ported by Hunter in 1743 (2, 3).

It has been reported that different growth factors

namely transforming growth factor p, basic fibroblast
growth factor, insulin like growth factor I, vascular en-
dothelial growth factor and platelet derived growth
factor positively influence the repair and regenera-
tion of hyaline cartilage (4, 5). Platelets are the natural
reservoir of growth factors in the body and the above-
mentioned growth factors are released from the alpha
granules of activated platelets following injury and
the process of inflammation and tissue repair is initi-
ated (6, 7). In the recent years, first generation platelet
rich products in the form of autologous platelet rich
plasma (PRP) have been used as a biological treatment
in articular cartilage repair. In vitro studies indicated
that PRP stimulates cellular proliferation and produc-
tion of cartilage matrix by chondrocytes and preclini-
cal animal model studies indicated that PRP positively
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influences cartilage repair (8-12). Platelet rich fibrin
(PRF) is a second generation platelet concentrate with
many advantages over the first generation PRP, which is
produced by collecting autologous blood in glass tubes
without any anticoagulant and immediate centrifuga-
tion. The resultant product is a true biomaterial con-
taining fibrin clot, platelets and leukocytes with a high
concentration of growth factors. PRF does not require
any activation prior to use and growth factors are re-
leased slowly over a sustained period of time (13). There
are structural differences between the first and second
generation platelet concentrates and there is no study
comparing the effect of PRP and PRF on cartilage repair
and regeneration.

2. Objectives

Because growth factors positively influence cartilage re-
pair and regeneration and platelet concentrates are read-
ily available source of growth factors, this study was un-
dertaken with the main objective of comparing the effect
of L-PRP and L-PRF as first and second generation platelet
concentrates on the healing of full thickness articular
cartilage defects in an animal model.

3. Materials and Methods

This experimental study was approved by the research
council of the college of veterinary medicine, Islamic
Azad university, Tabriz branch (research project num-
ber 2-17-5-102536 approved on 18.10.2010). All the experi-
ments were conducted at small animal surgery division
of the College of Veterinary Medicine with adherence
to institutional guidelines for the care and use of labo-
ratory animals in research based on the Guide for the
care and use of laboratory animals. Eighteen skeletally
mature Iranian mixed breed male dogs with the body
weight of 20 - 30 kg were used in this study. The dogs
were judged to be healthy based on physical examina-
tion and laboratory tests (complete blood cell count,
blood biochemistry profiles and urinalysis). The stifle
joint (equivalent of the human knee) of each animal
was carefully examined to rule out any joint instability.
Skeletal maturity was determined by radiography prior
to initiation of the experiment.

A total of 72 articular cartilage defects were created
on the femoral condyles of the stifle joint (4 defects per
dog). In 12 randomly selected dogs, defects of the right
and left hind limbs of each animal were repaired by L-
PRP and L-PRF implantation, respectively. Defects in the
other six dogs left without any treatment as controls.

3.1. Platelet Concentrate Preparation

L-PRP and L-PRF were prepared according to the meth-
od described by You et al. (14) and Dohan et al. (15), re-
spectively. Briefly, 40 mL of blood was collected from

the jugular vein of each animal before anesthesia. Half
of the collected blood was transferred to two sterile test
tubes containing sodium citrate as anticoagulant and
initially centrifuged at 2400 rpm for 10 minutes to sep-
arate red blood cells from the buffy coat (BC) and acellu-
lar plasma. The acellular plasma and BC portions were
collected completely and again centrifuged at 3600
rpm for 15 minutes to separate the acellular plasma
from the L-PRP. Two thirds of the supernatant plasma
was discarded and the rest which contained the con-
centrated L-PRP was activated with calcium chloride
solution to form a gel prior to application. Samples of
whole blood and L-PRP were taken for platelet and leu-
kocyte counts. The other half of collected whole blood
was transferred to two sterile test tubes without any
anticoagulant and immediately centrifuged at 3000
rpm for 10 minutes. The resultant L-PRF clot located in
the middle layer of the test tube was removed and the
red blood cells at the bottom and acellular plasma at
the top of the tube were discarded. The L-PRF clots were
kept in sterile Petri dishes until later use during the op-
eration.

3.2. Surgical Procedure

Food was withheld from the animals for 12 hours before
the operation. Each dog was premedicated by intramus-
cular injection of xylazine (1 mg/kg) and atropine (0.04
mg/kg). Anesthesia was induced by intravenous injec-
tion of 2.5% solution of thiopental and maintained with
halothane in oxygen following endotracheal intubation.
Cefazolin (20 mg/kg) was given as preoperative antibiot-
ic immediately following induction and lactated ringer
solution (10 mL/kg/h) was infused during the operation.
The animal was placed in dorsal recumbency and under
aseptic conditions. The medial approach to the stifle joint
with lateral patellar luxation was used to access inside the
joint. The joint was fully flexed to access the weight bear-
ing areas of the femoral condyles. Full thickness articular
cartilage defects with a diameter of 6 mm and depth of
5 mm were created in the weight bearing area of each
femoral condyle using a drill equipped with 6 mm drill
bit. Bleeding was observed in all the defects confirming
the involvement of subchondral bone and full thickness
nature of the injury. The defects were thoroughly lavaged
with normal saline solution. In the treatment animals,
L-PRP and L-PRF were press fitted inside each designated
defect to completely fill the region. Defects in the control
animals left without any treatment. After completion of
the procedure, the patella was reluxated to its normal
position and the joint capsule, subcutaneous tissues and
skin sutured routinely to close the wound. Postopera-
tively, penicillin (40000 IU/kg for 5 days) and ketoprofen
(2.2 mg/kg for 3 days) were administered to the dogs. The
animals were allowed to walk freely without any restric-
tions following recovery. Full weight bearing was allowed
as tolerated by the dogs.
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3.3. Sampling Procedure and Outcome Measure-
ment

At 4,16 and 24 weeks following surgery, the dogs were
euthanized by an overdose of thiopental sodium injec-
tion and the distal femurs were harvested for macroscop-
ic and histological evaluations of the repair tissue. Four
treatment and two control dogs were randomly assigned
to each of the sampling periods, therefore the number
of L-PRP and L-PRF treated and control defects were 8 at
each time period. Immediately after euthanasia, digital
photographs of the defect area were taken and the inter-
national cartilage repair society (ICRS) evaluation score
(16) was used for macroscopic assessment of the repair
tissue. Degree of defect repair, integration to border zone
and macroscopic appearance evaluated in this method
and the overall score ranged between 0 and 12 with 12
representing normal cartilage and 0 as severely abnor-
mal cartilage.

Following macroscopic assessment, each femoral con-
dyle was fixed in 10% buffered neutral formalin, decalci-
fied and embedded in paraffin for routine histological
sectioning. Sagittal sections (5 pm thick) were cut from
the center of each defect and stained with hematoxylin-
eosin and safraninO and examined under light micro-
scope. Sections were blindly examined and scored ac-
cording to the O’Driscoll histological grading scale (17).
Nine different parameters were evaluated in this com-
prehensive grading method and the total score ranged
between 0 and 24 with higher scores representing better
histologic repair of articular cartilage.

3.4. Statistical Analysis

To compare macroscopic and microscopic scores at dif-
ferent time points between the groups, Kruskal-Wallis
test followed by post hoc Dunn’s multiple comparison
test was used. The number of platelets and leukocytes
present in whole blood and L-PRP were compared using
Mann-Whitney U test. P < 0.05 was considered as statis-
tically significant. GraphPad Prism 5 software package
(GraphPad Software Inc., La Jolla, CA) was used for data
analysis. As stated previously, the sample size consists of
18 animals and 72 defects allocated in such a way to have
8 defects for each of the L-PRP treated, L-PRF treated and
control groups at a given sampling time. The present
study was a novel study, therefore sample size calculation
was based on previously published literature in the field

of cartilage repair conducted on large animal species and
it was not possible to use specific sample size determina-
tion methods.

4. Results

4.1. Assessment of Prepared L-PRP

The mean number of counted platelets and leukocytes
in whole blood were 16.5833 x 10%/uL and 0.8218 x 10%|
uL, respectively. In L-PRP, these values were 68.425 x 104/
uL and 2.7681 x 10%[uL respectively indicating a 4.12 fold
increase in platelets and 3.36 fold increase in leukocytes,
which was statistically significant (P < 0.05).

4.2. Macroscopic Evaluations

There was no significant difference in macroscopic
scores at any time between L-PRP and L-PRF treated de-
fects (Table 1). Macroscopic scores of both treatment
groups were higher than untreated controls at all times.
There was a significant difference (P < 0.05) between L-
PRF treated and control defects at 4 weeks and between
L-PRP treated and control defects at 16 weeks. No statisti-
cally significant difference was observed between treated
and control groups at 24 weeks. Macroscopic appearanc-
es of the defects are shown in Figure 1.

4.3. Histological Evaluations

The results of histological evaluations indicated no sig-
nificant difference in total O’Driscoll scores of L-PRP and
L-PRF treated groups at any of the pre-determined sam-
pling times (Table 2). Although significant difference (P
< 0.05) in total histological score was only observed be-
tween L-PRP treated and control group at 4 and 16 weeks,
but the total scores of treated groups were consistently
higher than the control group at all times indicating for-
mation of better reparative tissue in the treated groups.
A significant difference (P < 0.05) between L-PRP treated
and L-PRF treated groups was observed in structural in-
tegrity and freedom from degenerative changes in adja-
cent cartilage at 16 and 24 weeks, respectively with higher
histological scores in the L-PRF group at both times. In all
groups, increase in total histological scores and individ-
ual parameters was observed over time. Histologic sec-
tions of the repair tissue in different treatment groups
are presented in Figures 2 and 3.

Table 1. Macroscopic Scores of the Treatment Groups at Pre-Determined Sampling Times (Mean + SD)

Weeks Control L-PRP L-PRF

4 8.37%1.18 9.12+0.99 10.13+0.99
16 8.5+ 0.53 10 £1.19 9.5+ 0.92
24 9113 9.2511.16 9.751£2.05
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Figure 1. Macroscopic Appearance of Representative Defects from Different Treatment Groups

CONTROL L-PRP L-PRF

4 Weeks

16 Weeks

24 Weeks

Note the presence of fibrous tissue in all defects at 4 weeks with a central depression, which is deeper in the control group. Later, the fibrous repair tissue
was replaced by opaque white repair tissue resembling the surrounding normal cartilage, but the defect area was still distinguishable. Cystic lesion was
present at the center of the repair tissue at 24 weeks in the control group.

Table 2. Histological Scores of the Treatment Groups at Pre-Determined Sampling Times (Mean + SD)

Score Parameter 4 Weeks L-PRP L-PRF 16 Weeks L-PRP L-PRF 24 Weeks L-PRP L-PRF
Control Control Control

Cellular morphol- 0.00+0.00 0.00+£0.00 0.00+0.00 0.00+0.00 2.00+0.00% 2.25+1.98 42.00+0.00 3.00+1.85 3.00+1.85

ogy . b a

Matrix staining 0.00+0.00 0.62+0.51 0.25£0.46 1.00£0.00 1.5+0.53 1.87+£0.35 2.00+0.00 2.5+0.92 2.5+0.92

Surface regularity 1.62+0.91 2.00+£0.00 1.75+0.70 2.5+0.53 2.62+0.51 212+0.83 2.25%0.88 2.25+0.88 3.00%£0.00
Structural integrity 0.00£0.00 0.00£0.00 0.00£0.00 0.00£0.00 0.00+0.00 0.50+0.53 0.50+£0.53 0.75+0.46 0.75%0.46

a,c

Thickness of neo- 0.62+0.74 0.87+£0.35 112+ 0.35 1.50+0.53 1.25+0.46 1.50+0.53 0.25+0.46 2.00%0.00 d 175+ 0.46 d
formed cartilage

Bonding to adja- 137+£0.91 2.00+0.00 2.00%£0.00 2.00+0.00 2.00+0.00 2.00+x0.00 2.00+0.00 2.00+0.00 2.00%0.00
cent cartilage

Hypocellularity 0.00+0.00 0.00+£0.00 0.00+0.00 0.00%+0.00 0.25+0.46 1.25+1.48 0.25+0.46 1.50+0.92 d 1.25+0.88
Chondrocyte clus- 2.00£0.00 2.00+0.00 2.00%£0.00 2.00+£0.00 175+ 0.46 1.25+0.88 1.75+0.46 175+ 0.46 1.25+0.46
tering

Degenerative 2.00+£0.00 2.37+£0.51 2,50+£0.53 2.00+0.00 2.00+0.00 2.00£0.00 2.00+£0.00 2.00+£0.00 2.50%0.53
changes in adjacent de
cartilage

Total 7.62+1.99 9.87+0.83 b 9.62+0.74 11.00+1.06 1338+118% 14.75+3.80 13.00%130 17.75+4.36 _ 18.00 £3.70

@ P<0.05 vs. control group at 16 weeks.
P <0.05 vs. control group at 4 weeks.
€ P<0.05vs. L-PRP group at 16 weeks.
P < 0.05 vs. control group at 24 weeks.
€ P<0.05vs. L-PRP group at 24 weeks.
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Figure 2. Safranin O Stained Histologic Sections of Representative Defects From Different Treatment Groups At the Junction of Repair Tissue and Adja-

cent Normal Cartilage, Original Magnification X40

CONTROL

4 Weeks

16 Weeks

24 Weeks

L-PRP L-PRF

4

A

More intense staining of L-PRP and L-PRF treated groups in comparison to the control group can be seen at all sampling times.

5. Discussion

The main rationale for the use of platelet concentrates
in wound repair and articular cartilage reconstruction
procedures is the presence of growth factors. Develop-
ment and homeostasis of articular cartilage throughout
life is regulated by growth factors (18), therefore the use
of concentrated platelet products could be a promising
treatment for articular cartilage regeneration. Gaissmai-
er et al. (19) first reported that adding human platelet su-
pernatant to chondrocyte cultures increased cell prolifer-
ation. Subsequently, Akeda et al. (20) demonstrated that
the use of PRP in culture medium increased DNA content
of porcine chondrocytes and collagen and proteoglycan
synthesis. Further in vitro studies also indicated that PRP
increased proliferation and chondrogenic differentia-

Iran Red Crescent Med J. 2015;17(10):19594

tion ability of bone marrow derived mesenchymal stem
cells (21, 22). According to these findings, PRP could have
a positive influence on cartilage repair.

The results of the present study confirmed the positive
effect of PRP on cartilage repair. The repair tissue pro-
duced at the site of cartilage defects treated with L-PRP
implantation was both macroscopically and histologi-
cally superior in comparison to untreated defects at all
sampling times, although complete characteristics of
normal hyaline articular cartilage were not achieved at
the end of the 24 weeks of study period. Our results are
in accordance with earlier in vivo studies indicating the
positive effect of PRP on articular cartilage repair and
regeneration (23-25). Similar to our study, the platelet
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Figure 3. Hematoxylin-Eosin Stained Histologic Sections of Representative Defects From Different Treatment Groups at the Centre of Repair Tissue,

Original Magnification x100

CONTROL

4 Weeks

16 Weeks

24 Weeks

L-PRP L-PRF

Fibrous tissue with numerous blood vessels and fibroblasts and cystic cavities can be seen at 4 weeks in all the treatment groups. At 16 weeks, the repair
tissue in L-PRP and L-PRF treated groups resembled normal articular cartilage with chondrocyte like cells and chondrocyte clustering and this pattern
was also seen at 24 weeks. In the control group, the repair tissue had no similarities to normal cartilage and was obviously hypocellular at 16 weeks and at
24 weeks it contained a very large cystic cavity with tissue debris and chondrocyte like cells at the periphery of the cyst.

concentrate was either implanted at the site of experi-
mental cartilage defects or injected inside the stifle joint
following surgery in these studies and the results indi-
cated better macroscopic and histologic characteristics
of repair tissue in the defects treated with PRP. Apart from
the sole use of platelet concentrates for cartilage repair,
combined use of PRP with other treatment methods like
microfracture (16) and synthetic scaffolds (26) indicated
positive influence of PRP on cartilage repair. It appears
that PRP has anabolic effects on chondrocytes, synovio-
cytes and bone marrow derived mesenchymal stem cells
resulting in increased cellular proliferation and extracel-
lular matrix synthesis, gene expression of chondrocytes,

proteoglycan and type II collagen synthesis and better
cellular organization of cartilaginous tissue (10-12).

One of the limitations in PRP preparation is that the
method is not standardized. Apart from the fact that PRP
is classified into pure platelet rich plasma (P-PRP) and
leukocyte and platelet rich plasma (L-PRP) based on the
absence or presence of white blood cells (13), there are
differences in the centrifugation settings and stages of
PRP preparation among various studies, which could in-
fluence platelet numbers and growth factor content and
ultimately the study outcome. Hence, we hypothesized
that L-PRF which contains growth factors similar to PRP
and could be prepared easily in a standardized manner

Iran Red Crescent Med J. 2015;17(10):19594
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would have a positive effect on cartilage healing through
the same mechanisms described for PRP. The results of
the present study confirmed this hypothesis with no
significant difference between L-PRP and L-PRF treated
groups, but higher macroscopic and histologic scores in
L-PRF treated group at 24 weeks.

To the authors’ knowledge, this was the first study
comparing the effect of these two platelet concentrates
on articular cartilage healing. L-PRP was used instead of
P-PRP in this study so that both platelet products would
be similar regarding the presence of leukocytes in their
composition. In this study, full thickness articular carti-
lage defects were created on the femoral condyles. This
specific region was chosen because of its weight bearing
role and due to the fact that most clinical lesions, both
in humans and animals, are seen in this region. All the
necessary mechanisms of cartilage repair, particularly
cellular migration, are thought to be activated in full
thickness lesions intensifying the role of growth factors
in repair (25). Focal lesions were created to limit the ex-
tent of joint damage, which could negatively affect car-
tilage repair.

Macroscopic and histological evaluations of repair tis-
sue are the two key parameters in the study of cartilage
healing and in particular, microscopic studies are con-
sidered as the gold standard to characterize the type of
repair tissue. Immunohistochemical and biomechanical
studies can also be conducted to gain more information
about the nature of repair tissue. In the present study;,
macroscopic and histological evaluations were conduct-
ed, but due to financial constraints and unavailability of
equipment, characterization of collagen type through
immunohistochemical methods and cartilage stiffness
as a measure of its biomechanical properties were not
performed. Another shortcoming of this study was that
we could not increase the duration of study further i.e.
up to a year to evaluate repair tissue over a longer period
of time.

In conclusion, using L-PRF for the treatment of acute
full thickness articular cartilage defects of the knee pro-
duced a repair tissue similar to L-PRP treated defects both
macroscopically and microscopically and better than the
untreated defects. These findings indicate that PRF could
be used for treatment of human cartilage lesions. Further
studies are required to examine the effect of this bioma-
terial on the healing of partial thickness and chronic ar-
ticular defects and in clinical cases.
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