
ORIGINAL PAPER

The effect of platelet-rich plasma on osteochondral defects
treated with mosaicplasty

Egemen Altan & Kerem Aydin & Omer Erkocak &

Hakan Senaran & Serdar Ugras

Received: 28 May 2013 /Accepted: 23 December 2013 /Published online: 16 January 2014
# Springer-Verlag Berlin Heidelberg 2014

Abstract
Purpose This study investigated the efficacy of platelet-rich
plasma (PRP) on articular surfaces on which the mosaicplasty
technique was performed. Our hypothesis was that PRP can
accelerate the osseointegration process and enhance the qual-
ity of articular integrity after the mosaicplasty procedure.
Methods Standard defects were created in the femoral groove
of both patellofemoral joints of 12 New Zealand rabbits. PRP
solution was placed inside the defect before fixation of the
osteochondral autografts and injected inside the involved joint
after capsular closure of the tested knees. The contralateral
knees served as the control sides. The animals were eutha-
nized three or six weeks after mosaicplasty, and both limbs
were assessed according to Pineda’s histological grading
scale. Significance level was set at p≤0.05 a priori, and the
Mann–Whitney U test was used for statistical analysis.
Results Histologic findings at the interface between the trans-
ferred autograft and the original cartilage revealed better inte-
gration of the adjacent surfaces in the mosaicplasty with PRP
group three weeks after the procedure; the difference was
significant (p<0.05). However, no significant difference in
the transition zone was observed between the groups six
weeks after the experiment (p=0.59).
Conclusions Our animal model showed that adjunctive use of
PRP produced a better healing response and resulted in supe-
rior histological scores after three weeks compared with the
mosaicplasty-only procedure. Interpretation of our results is
important in terms of rapid return to previous activity levels.
Thus, application of PRP can represent a valid therapeutic
option for improving the efficacy of mosaicplasty by stimu-
lating the local healing response.
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Introduction

Management of full-thickness chondral defects of the knee
remains a challenge for orthopaedic surgeons. The most im-
portant long-term result of this condition is osteoarthritis,
which can impair quality of life [1]. The repair capacity of
articular cartilage is limited due to its low mitotic activity, the
absence of vessel and nerve supply, and the immobility of
articular chondrocytes. Large defects generally fail to heal
spontaneously, which makes surgical intervention necessary
in order to avoid the progression of osteoarthritis [2].
Symptomatic articular cartilage defects have mostly been
treated with microfracture, autologous chondrocyte implanta-
tion, and mosaicplasty. However, no treatment method has
proven to be superior thus far [3, 4]. Drilling and
microfracture have a wide range of uses for treating articular
cartilage defects, but they do not restore normal hyaline car-
tilage, and treatment failures have been documented in the
literature [5, 6].

Mosaicplasty, one of the most frequently used techniques
for treating articular cartilage defects of many joints, can treat
full-thickness defects with the host’s own cartilage [7]. This
technique has the theoretical advantage of increased cellular
viability. However, osseointegration and maintenance of the
integrity of the implanted articular cartilage have been report-
ed in the literature as the main reasons for failure [8, 9]. In
addition, in vitro and in vivo studies have demonstrated that
impaction on the grafts during press fit fixation can lead to
chondrocyte death [10, 11]. Size of the lesion, time interval,
and age of the patient are other important factors that affect
outcomes, and little is known about the long-term viability of
these grafts. In an animal osteochondral transplantation

E. Altan (*) :K. Aydin :O. Erkocak :H. Senaran : S. Ugras
Department of Orthopaedics and Traumatology, Selcuk University,
Konya, Turkey
e-mail: egemenaltan@hotmail.com

International Orthopaedics (SICOT) (2014) 38:1321–1328
DOI 10.1007/s00264-013-2275-9



model, osseointegration between the recipient and donor
bones was observed four weeks after transplantation [12].
This fairly long time period led us to investigate whether we
could obtain a better outcome with the use of platelet-rich
plasma (PRP).

Many growth factors, including transforming growth
factor-B (TGF-B), fibroblast growth factor (FGF), and bone
morphogenetic protein, have been found to be effective in
cartilage regeneration and repair; however, clinical use of
growth factors is not practical, due to their short lifespan and
high cost [13, 14]. PRP is a rich source of growth factors, and
its clinical use has become popular in recent years. PRP is
defined as a volume of the plasma fraction of autologous
blood that has a high concentration of platelet-derived growth
factors and acts as a potential inducer of regeneration and
healing of tissues. PRP contains growth factors such as
platelet-derived growth factor, TGF-B, FGF, insulin growth
factor, vascular endothelial growth factor, and epithelial cell
growth factor [15]. In fact, platelet concentrate has been
shown to promote bone healing, chondrocyte proliferation,
and cartilage formation in orthopaedics [15–17]. Conversely,
in a very recent review, the authors suggested that there is
limited evidence to support the use of PRP in the management
of chondral or osteochondral defects, whether alone or as an
adjunct to surgical treatment [18].

The objective of this study was to investigate the efficacy
of PRP on articular surfaces on which mosaicplasty was
performed. In addition, the osseointegration process was
assessed over the short term and relatively long term. Our
hypothesis was that PRP can enhance the osseointegration
process and articular integrity after mosaicplasty compared
with mosaicplasty-only procedures.

Methods

For this study, we used 12 adult (22 weeks old) New Zealand
rabbits weighing an average of 4.3 kg. The rabbits were
genetically similar and were homogeneous for age, size, and
feeding. The research was approved by the local ethics com-
mittee for animal experimentation. In order to provide stan-
dardization, the PRP was prepared using the Gravitational
Platelet Separation System (GPS, Biomet, Warsaw, IN,
USA). The rabbits were anaesthetized by intramuscular injec-
tion of 35 mg/kg ketamine and 5 mg/kg xylazine, and 27-mL
blood samples were obtained in a 30-mL syringe containing
3 mL sodium citrate as an anticoagulant. Approximately 3 mL
PRP was obtained for each rabbit. The PRP was prepared
according to the manufacturer’s instructions, and no special-
ized instrument was required except the centrifuge machine
and disposable cylindrical tubes, which included a section to
collect the PRP. After the PRP was prepared, a platelet count
analysis was performed on 1.0 mL of each PRP sample using

a digital haematology analyser, and the mean platelet concen-
tration was assessed and compared with the platelet concen-
tration of the subject’s blood circulation.

While the homologous PRP was being prepared, both
knees of the animals were incised under sterile conditions
through a medial parapatellar incision, and 4-mm defects were
created in the femoral groove of both patellofemoral joints, as
described by Sun et al. [19]. Standard defects were created at a
depth of 4 mm and a diameter of 4 mm with a standard
disposable osteochondral autograft transport system (DePuy,
Warsaw, IN), and the rest of the process was performed as
suggested by Nam et al. [20]. For all experiments, the right
knee was the test and the left knee was the control. In the test
knee, in order to mimic mosaicplasty, a harvested graft from
the contralateral knee was transplanted into the socket of the
test knee (Fig. 1) and applied to the defect with press-fit
fixation by tamping it into the host bed (Fig. 2). Care was
taken to ensure that the articular side of the graft was at the
same level as the host cartilage. No exogenous activation
technique was performed prior to implantation, and 1 mL of
the PRP solution was placed inside the defect prior to fixation;
a small amount of the solution overflowed out of the defect
during compression.

In addition, 1 mL of the PRP solution was injected into the
joint following tight closure of the capsule, in order to prevent
leakage of the PRP solution from the joint. A harvested graft
from the test knee was transplanted into the control knee with
press-fit fixation, without applying PRP solution to either the
defect or the joint. Adequate hemostasis and surgical wound
closure were then performed, respecting the anatomical layers.

The animals were allowed to move freely in their cages, and
they were all able to bear weight on both extremities immedi-
ately after surgery. General health status was monitored during
recovery by a veterinarian. Following the mosaicplasty proce-
dure, the rabbits in group 1 were euthanised at threeweeks, and

Fig. 1 Macroscopic appearance of the 4-mm graft harvested from the
contralateral knee
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those in group 2 were euthanised at six weeks. The distal
femurs of the test and contralateral control limbs were harvest-
ed and prepared for histological assessment.

The distal femurs of the animals were fixed and decalcified
with 10 % ethylenediaminetetraacetic acid (EDTA) solution.
Samples were dehydrated and embedded in paraffin wax and
cut along the sagittal plane of the defect area. Histologic
samples were obtained from the central third of the defect.
Three slices (4-μm thick) were stained with hematoxylin-
eosin (H-E) and examined under a light microscope.
Assessments were based on gross macroscopic and micro-
scopic examinations. In the macroscopic evaluation, surface
regularity, continuity, and arthritic changes were assessed.

The samples were evaluated by a well-experienced pathol-
ogist and scored according to Pineda’s histological grading
scale [21]. The observer was blinded to the treatment tech-
nique. For each sample, a mean score was obtained from the
pathologist based on observation of all of the histological
sections, and the mean of the three scores was calculated.
The histological scores of the two groups were evaluated
and compared to determine whether the values were statisti-
cal ly significant. Subchondral bone healing and
osseointegration were determined by noting the presence of
bony trabecular interdigitation between the graft and the sur-
rounding host subchondral bone [20]. The significance level
was set a priori at p≤0.05, and because all of the experimental
animals underwent surgery on both knees, the contralateral
knees served as the control group. The Mann–Whitney U test
was used for statistical analysis.

Results

One rabbit died one week after the surgical procedures of
unknown causes and was excluded from the study. Due to

the loss of this animal, one more age- and weight-matched
animal was included in group 1.

On gross examination, no grafts lost fixation in this study.
Three weeks after osteochondral implantation, the transition
zone of the autograft and the adjacent articular cartilage
showed impressive integration in the mosaicplasty with PRP
group. In addition, the osteochondral autografts appeared
shiny white, and no arthritic changes were apparent in this
group. Gross examination of the mosaicplasty only group
(control group) revealed a linear margin in one knee, on one
side of the autograft, indicating imperfect integration (Fig. 3).
Some indistinct superficial fissures and an opaque white ap-
pearance, indicating microscopic low cellularity, were present
in the samples from two animals (Fig. 4).

Six weeks after the surgical procedure, gross macroscopic
evaluation showed a similar gross appearance between the

Fig. 2 Macroscopic appearance of one sample after press-fit fixation of
the graft Fig. 3 One sample of mosaicplasty alone group shows macroscopic gap

formation (lack of cartilage integration) at just one end of the adjacent
cartilage

Fig. 4 Microscopic images demonstrated low cellularity (yellow arrow)
when compared with the host cartilage. (H-E staining. Original magnifi-
cation 100×)
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mosaicplasty with PRP group and the mosaicplasty-alone
group. On gross inspection of both knee joints at six weeks,
the transition zone between the graft and the host cartilage was
identified macroscopically. No apparent synovitis or evidence
of infection were observed. The osteochondral autografts were
shiny white in color (Fig. 5).

Histological findings at the interface between the cartilage
of the transferred autograft and the host cartilage revealed
excellent integration of the adjacent surfaces in the
mosaicplasty with PRP group three weeks after the experi-
ment. All six animals in this group exhibited sufficient regen-
eration and integration (Fig. 6). However, in the mosaicplasty-
only group, the cartilage of four of the six animals was
significantly thinner than normal (p<0.05) (Fig. 7), and carti-
lage integration had only occurred at one end of the adjacent
cartilage (Fig. 8). The differences in histological scores be-
tween the groups were statistically significant (p<0.05). A
total index of healing score was derived by totaling the sub-
categories of Pineda’s histological grading scale, with a max-
imum possible worst score of 14. The histological scores of
each group are summarized in Table 1.

No significant differences in the histological grading of the
osteochondral transplant area were observed between the
mosaicplasty with PRP group and the mosaicplasty-only
group six weeks after implantation (p=0.59). A comparison
of the different time periods within each group showed no
significant difference in either group (p=0.162 for the in-
volved knees and p=0.654 for the uninvolved knees). For
both time periods and groups, all of the transplanted autografts
demonstrated excellent trabecular interdigitation with the host
subchondral bone.

Data analysis showed at least a four-fold greater platelet
concentration in the PRP (mean, 1319×103/mL); the differ-
ence was significant (p<0.05). In a very recent classification

Fig. 6 Regular appearance of the cartilage, bone, and the bone marrow
can be seen at the transition zone, host, and the autograft. Sufficient
integration at the edge of the transplanted cartilage was demonstrated
(white arrow). (H-E staining. Original magnification 20×)

Fig. 5 Similar appearance and colour to the normal cartilage and good
integration with shiny appearance of the osteochondral graft can be seen
macroscopically

Fig. 7 Normal cartilage tissue on the right side, and the transplanted
cartilage on the left side. Thickness of the transition zone (in the middle)
decreased. (H-E staining. Original magnification 400×)

Fig. 8 Insufficient cartilage integration was observed with a substantial
margin. (H-E staining. Original magnification 20×)
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of PRP (PAW classification) [22], PRP solutions were staged
as P4-Aα with a mean platelet count of more than 1250×103

and above baseline of total WBC-neutrophils (Table 2).

Discussion

The aim of this study was to evaluate the effects of autologous
PRP on the healing of cartilage and the osseointegration
process in mosaicplasty procedures. To date, no previous
studies that applied PRP to chondral defects [19, 23, 24]
combined the mosaicplasty technique with PRP to assess the
histological results in an animal model. Therefore, there was
no information available regarding the effectiveness of PRP in
this clinical condition.

The primary outcome of this study was histological evalu-
ation of the transition zone. Although press-fit fixation of the
plugs can be achieved during mosaicplasty, there seems to be
a lack of cartilage at the transition zone due to the implemen-
tation of the technique. During mosaicplasty, the tip of the
blade creates a microscopic cleft between the host and the

autograft, and this issue needs to be resolved for a proper
healing process and osseointegration. The results of our study
showed that intra-articular use of PRP duringmosaicplasty led
to better cartilage integration at the transition zone and im-
proved quality of the repaired tissue three weeks after the
experiments than did mosaicplasty alone. However, there
was no significant difference between the groups after six
weeks, and the histological results were similar to those of a
previously reported study in which 2.7-mm autografts were
used [20]. In the previous study, cartilage bonding seemed to
be the major problem, which was defined as the histological
appearance of perfect apposition between the graft and the
host cartilage surface [25]. That study demonstrated how the
histological properties of transplanted osteochondral auto-
grafts behaved six weeks and 12 weeks after osteochondral
transfer; it was found that none of the transplanted grafts were
completely bonded on all sides. However, at six weeks, only
two knees in our study presented histologically insufficient
binding on both sides of the autografts. The larger autografts
(4 mm) used in our study might be a factor that contributed to
better results.

Table 1 Five individual parame-
ters are listed according to the
Pineda grading scale

All values are given as the mean
for each parameter

Score parameter Three weeks (group I) Six weeks (groups II)

Control group
(n= 6)

PRP+mosaicplasty
(n= 6)

Control group
(n= 6)

PRP+mosaicplasty
(n= 6)

Cell morphology 0.16 0.0 0.0 0.16

Matrix-staining
(metachromasia)

0.0 0.0 0.0 0.0

Surface regularity 0.5 0.0 0.0 0.0

Thickness of cartilage 0.66 0.0 0.16 0.16

Integration of donor with host 0.16 0.33 0.83 0.66

Total 1.5 0.33 1.33 1

Table 2 Total number of plate-
lets, WBC, and neutrophil counts
and the corresponding symbols
according to PAW classification

According to PAW classification,
P3 indicates a platelet concentra-
tion of >750,000–1,250,000 and
P4 indicates a platelet number of
more than 1,250,000

Animal
number

Platelet concentration
in whole blood

Platelet concentration
in PRP

WBC count Neutrophil count

1 270×103 1253×103 (P4) Above baseline (A) Above baseline (α)

2 292×103 1402×103 (P4) Above baseline (A) Above baseline (α)

3 275×103 1318×103 (P4) Above baseline (A) Below baseline (α)

4 260×103 1101×103 (P3) Above baseline (A) Above baseline (α)

5 286×103 1273×103 (P4) Above baseline (A) Above baseline (α)

6 290×103 1453×103 (P4) Above baseline (A) Above baseline (α)

7 231×103 1197×103 (P3) Below baseline (B) Above baseline (α)

8 237×103 1294×103 (P4) Above baseline (A) Above baseline (α)

9 299×103 1399×103 (P4) Above baseline (A) Above baseline (α)

10 268×103 1253×103 (P4) Below baseline (B) Above baseline (α)

11 250×103 1411×103 (P4) Above baseline (A) Below baseline (α)

12 264×103 1475×103 (P4) Above baseline (A) Above baseline (α)
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The time effect analysis did not indicate any significant
difference in the two groups. This finding might be due to
several reasons. First, the amount of PRP solution is contro-
versial, and might not be enough for an adequate response to
impact the long term. Although there is not a consensus
regarding the amount of PRP for use in animal studies, a
1-mL intra-articular injection of PRP is a comparable amount
with the previous studies [23, 24]. Secondly, PRP might affect
the healing process in the acute and subacute time period, and
a steady state obtained at the proliferative phase of the healing
process. Thereafter, the deterioration process might continue
in both groups in the chronic setting, leading to an insignifi-
cant difference at six weeks. Our explanation was already
supported by Gulotta et al., who suggested that the majority
of patients who undergo this surgery experience immediate
chondrocyte necrosis after surgery, followed by a reincorpo-
ration of their grafts [11]. In this process, PRP may have a
reinforcement on chondral regeneration and proliferation of
chondrocytes as a biologic inducer in the short term [16, 26].

Interpretation of our results is important in terms of im-
proved healing response over a three-week period when com-
pared with the controls. Naturally, cartilage disturbances
might be expected, according to previous studies. Those
in vitro studies showed significant chondrocyte necrosis and
apoptosis shortly after the autologous osteochondral trans-
plantation because the impaction on articular cartilage has a
fatal effect on chondrocytes [10, 27]. Gulotta et al., in their
rabbit model, confirmed that chondrocyte necrosis and carti-
lage degradation occur during the early periods of autologous
osteochondral transplantation after impaction. They reported
that only 63.3 % of chondrocytes remain viable immediately
after the procedure, and that only 51.6 % are viable after four
days. In ovine and pig models, researchers have reported that
the grafts exhibit greater degeneration and deterioration than
the host articular cartilages do [28, 29]. Interestingly, those
studies demonstrated that severe degeneration can occur as
early as two weeks after osteochondral transplantation. In fact,
those results might explain the inferior results achieved in the
control group in our study after three weeks and the superior
results obtained in the mosaicplasty with PRP group.

A lack of repeated PRP injections might be another reason,
and further study may be needed to address this deficiency.
Milano et al. suggested administering repeated platelet con-
centrate injections after application of microfractures to full-
thickness cartilage injuries and reported superior and more
durable reparative responses than isolated microfractures in an
animal model [24]. They performed repeated injections to
obtain long-term effects during the study and had better his-
tological scores in the followup period from three to six
months, but not at 12 months’ followup. Thus, in order to
obtain a permanent effect, multiple injections make more
sense; however, the duration and intervals of the PRP appli-
cations is not clear yet.

The main goal of osteochondral transfer is to restore the
original articular cartilage and maintain the original joint
biomechanics. However, during the osseointegration process,
many factors affect the final outcome, and once an
osteochondral lesion or a chondral defect occur, the
regenerating potential differs among individuals. Whatever
the affecting factor, incomplete healing of the spaces between
the graft and surrounding tissue and fibrillation of the repair
tissue have been reported [20, 30]. Researchers have attributed
their inferior results to insufficient adaptive remodeling of the
cartilaginous portion of the graft and insufficient time to allow
remodeling. Limitation of movement and weight bearing after
mosaicplasty are the most important causes of this condition.
However, a restricted time period is essential for protecting the
autografts, and prolonged restriction of weight bearing has
been a necessity for adequate healing response of
osteochondral autografts. This protective time period might
be shortened by providing a better and more rapid healing
response with the use of biological inducers.

It has been shown that osseointegration between the recip-
ient and donor bones can occur four weeks after transplanta-
tion [12]. This is a fairly long time period for patients with
high expectations who want to return to previous activity
levels or sports as soon as possible. Under these circum-
stances, our aim in this animal model was to influence the
osseointegration process with the use of PRP. Previous studies
have reported controversial results regarding the effectiveness
of PRP in bone healing [15, 31–33], but none was supported
by level I clinical evidence. Consistently, in the two time
periods in our study, there were no histological differences
in osseointegration that were shown to be responsible for
failures [8]. Bone-to-bone healing is a special condition and
differs from cartilage healing in many ways. Adequate
osseointegration had already occurred in all of our specimens
at three weeks independently of the PRP application.
Although osseointegration was perfect in all of the animals,
even at three weeks, integrity and adequate healing of the
implanted cartilage emerged as a major problem in the control
group in our study. Although our study did not demonstrate
any significant histological differences six weeks after PRP
injection, as a clinical relevance, improved histological results
at three weeks might allow early rehabilitation, including
weight bearing and rapid activity modification, and lead to
better clinical outcomes in the long term.

PRP has recently come into use in a wide range of ortho-
paedic applications, such as bone healing, cartilage repair, and
tendon repair [12, 13, 34]. Many studies have shown that PRP
enhances proliferation and chondrogenic stem cell differenti-
ation [35]. However, a limited number of in vivo studies have
described the effect of PRP on the histologic appearance of the
articular cartilage repair. Some of those studies concluded that
PRP improved the histology of the cartilage repair [19, 23, 24,
36, 37], and a few reports stated that it worsened the

1326 International Orthopaedics (SICOT) (2014) 38:1321–1328



histological scores [38, 39]. Sun et al. applied PRP in a rabbit
model and reported that PRP has an effect on resurfacing
cartilage defects and restoring the subchondral bone [19].
Saito et al. used PRP to demonstrate its preventive effect on
osteoarthritis [23]. Contrary to these studies, however, Kon
et al. reported that PRP decreased the type II collagen content
of cartilage repair tissue and worsened the gross appearance
[38]. In addition, although many positive results have been
reported, there have also been unpredictable results, due to
variable platelet concentrations in solutions and different prep-
aration techniques [9, 40, 41, 42]. Nevertheless, in a very
recent review by Sheth et al., they attributed uncertain results
for orthopaedic indications to a lack of standardization of
outcome measures, PRP production, and investigative proto-
cols [42, 43]. In order to overcome these limitations and
standardize the preparation of PRP, we used the same manu-
facturer’s kits; thus, we avoided creating a misleading factor,
and we achieved an increase of at least four to five times over
baseline platelet numbers, which was suggested as a sufficient
cellular response by Marx [44].

We acknowledge several limitations to this study. First,
the short time period is a weakness of our study, but we
feel that the comparison of results three weeks after
osteochondral transfer is important in terms of histological
assessment during the chondrocyte degradation process.
Six weeks is also an important time point that has been
previously studied [20], and it gave us an opportunity to
compare the results of this study. Second, while under-
standing the biomechanical properties and the detailed
contents of the transplanted cartilage by using immunohis-
tochemical evaluation could be beneficial, our study was
based on histological findings and gross macroscopic ex-
amination because the main problem of a previous study
indicated that cartilage bonding was the major issue.
Third, the size of the lesion is an important issue, consid-
ering the variable results of mosaicplasty with different
graft sizes [4], and the efficacy of the treatment on larger
defects cannot be predicted from the results of the present
study. Fourth, rabbit knee cartilage is thinner than human
cartilage, and this difference might result in differences in
the effectiveness of PRP. One last limitation is that we did
not analyse the growth factor content of the PRP obtained
from the animals, but rather, measured just the platelet
contents.

Cartilage defects have been treated with many different
techniques, as shown in previous animal models; however,
treating chondral defects by transferring osteochondral auto-
grafts has only been described [20] and compared with other
techniques in a rabbit model [45].With our limited time points
and limitation of animal models, we tried to simulate an
osseochondral autograft transfer in an animal model to assess
whether the PRP solution affects the integrity of articular
cartilage and osseointegration.

Conclusions

The results of the present study showed that adjunctive use of
PRP produced a better healing response and resulted in supe-
rior histological scores three weeks after PRP application
when compared with a mosaicplasty-only procedure. In clin-
ical use, improved histological results obtained in the earlier
stages could lead to a faster return to previous activity levels.
Application of PRP can represent a valid therapeutic option to
improve the efficacy of the mosaicplasty technique by stimu-
lating the local healing response. We believe that well-
designed clinical trials are needed to translate the findings to
clinical use.
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