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Introduction

The potential for osteochondral defects to self-repair is lim-
ited in part due to the hypocellular and avascular nature of 
articular cartilage.1 Osteochondral defects that fail to heal 
spontaneously may ultimately result in further joint destruc-
tion and osteoarthritis.2 Numerous surgical treatment 
modalities have been developed, primarily focused on 
either repairing the damaged cartilage (e.g., bone marrow 
stimulation) or replacing the lesion with a viable osteochon-
dral graft (e.g., autologous osteochondral transplantation). 
Regardless of whether the cartilage is repaired or replaced, 
the existing surgical treatment modalities are hindered by 
poor biology, leading to inferior quality repair tissue when 
compared to native hyaline cartilage.3

In an effort to improve the repair of osteochondral 
defects, biological products have seen increasing interest as 
an adjunct to surgical treatment and as a primary treatment 
modality.4-7 One such biological product is platelet-rich 
plasma (PRP), defined as an autologous blood product 
derived by the centrifugation of whole blood yielding a con-
centration of platelets that is increased from the baseline 

value.8 At the basic science level, PRP has been shown to 
increase chondrocyte and mesenchymal stem cell prolifera-
tion, proteoglycan production, and type II collagen deposi-
tion.9-11 Few in vivo studies have been performed to evaluate 
the effect of PRP alone on chondrogensis. Therefore, the 
objective of this study was to assess the effect of PRP on the 
repair of an osteochondral donor site (i.e., defect) in a rabbit 
model. We hypothesized that PRP would improve osteo-
chondral healing at the donor site in the knee.

Materials and Methods

The Institutional Animal Care and Use Committee approved 
all surgical procedures and experimental designs. A 
preliminary power analysis showed that a sample size of 12 
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Purpose. The purpose of this study was to assess the effect(s) of platelet-rich plasma (PRP) on osteochondral donor 
site healing in a rabbit model. Methods. Osteochondral donor sites 3 mm in diameter and 5 mm in depth were created 
bilaterally on the femoral condyles of 12 New Zealand White rabbits. Knees were randomized such that one knee in each 
rabbit received an intra-articular injection of PRP and the other received saline (placebo). Rabbits were euthanized at 3, 
6, and 12 weeks following surgery. Repair tissue was evaluated using the International Cartilage Repair Society (ICRS) 
macroscopic and histological scores. Results. No complications occurred as a result of the interventions. There was no 
significant difference in macroscopic scores between the 2 groups (5.5 ± 3.8 vs. 3.8 ± 3.5; P = 0.13). Subjective macroscopic 
assessment determined greater tissue infill with fewer fissures and a more cartilage-like appearance in PRP-treated knees. 
Overall ICRS histological scores were better in the PRP group compared with the placebo (9.8 ± 2.0 vs. 7.8 ± 1.8;  
P = 0.04). Histological scores were also higher in the PRP group compared with the placebo group at each time point. 
Greater glycosaminoglycan and type II collagen content were noted in the repair tissue of the PRP group compared with 
the placebo group. Conclusion. The results of this study indicate that PRP used as an intra-articular injection may improve 
osteochondral healing in a rabbit model.
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rabbits had 88% power to detect a two point difference in 
the primary outcome of International Cartilage Repair 
Society (ICRS) histological score given a standard devia-
tion of 2 points. Therefore, 12 New Zealand White rabbits 
were used with a mean weight of 4 kg (range, 3.7-4.2 kg) 
and a mean age of 23 weeks (range, 22-24 weeks). A rabbit 
model was chosen for this study as the rabbit knee is large 
enough to accommodate the procedure and it is a well-
established model that has been used previously for studies 
assessing cartilage repair procedures. The rabbits were held 
in individual cages and allowed unrestricted cage activity 
for 7 days preoperatively. Additional experimental results 
derived from this animal model have been published 
previously.12

Surgical Procedure, PRP Preparation, and 
Cytological Analysis

Under anesthesia, 27 mL of blood was aspirated from the 
great aural artery of each rabbit and combined with 4 mL of 
anticoagulant citrate dextrose solution A (ACD-A). One mil-
liliter of blood was then immediately dispensed into a sepa-
rate syringe for cytological analysis. The remaining blood 
was then centrifuged using a standard, commercially avail-
able platelet concentration system (Magellan Autologous 
Platelet Separator, Arteriocyte, Cleveland, OH) to yield 3 
mL of PRP according to the manufacturer’s protocol (centri-
fuge force, 1200 × g; centrifuge time 17 minutes). From this 
sample, one ml was reserved for cytological analysis and the 
remainder was allocated for surgical use. Therefore, each 
rabbit was treated with an autogenous sample of PRP. The 
whole blood and PRP samples underwent cytological analy-
sis to measure platelet levels as well as red and white blood 
cell counts, as per previously published work.12

The anesthetic protocol used for the animals involved use 
of subcutaneous ketamine (40 mg/kg) and acetylpromazine 
(0.5 mg/kg), and maintenance with isoflurane (2%) inhala-
tion through intubation. Antibiotic prophylaxis (ampicillin 
25 mg/kg) was given 30 minutes prior to surgery.

Following shaving and standard sterile preparation of 
both lower extremities, a 4 cm medial parapatellar arthrot-
omy was created in each knee exposing the medial and lat-
eral femoral condyles. The joint was then carefully inspected 
to ascertain whether any preexisting cartilage pathology 
was present. Using a trephine with an outer diameter mea-
suring 3.0 mm and 5 mm in depth (Smith & Nephew, 
Memphis, TN) an osteochondral graft was harvested on the 
medial femoral condyle of the left knee and lateral femoral 
condyle of the right knee, thereby creating a donor site. The 
graft harvested using the trephine was transplanted to the 
opposing femoral condyle for a separate study assessing 
autologous osteochondral transplantation that has been pub-
lished previously.12 The defects were then debrided of any 
remaining osseous or cartilage fragments.13 The use of an 

autologous osteochondral transplant donor site as a rabbit 
osteochondral defect model has been widely published in 
the literature.14-17 Each wound was then closed in layers 
using simple interrupted sutures (4-0 Vicryl), with final skin 
closure achieved using a running subcutaneous stitch tech-
nique (4-0 Vicryl) to obtain a water-tight seal. Prior to 
wound closure, the knees were randomized to receive an 
injection of either 0.5 mL of PRP or saline (placebo). 
Randomization was done through a computer-generated 
list, with results placed in a sealed envelope by an individ-
ual not involved with the surgical procedure. The envelopes 
were opened prior to wound closure so as to determine the 
laterality of the treatment. Therefore, following wound clo-
sure, 0.5 mL of PRP or saline was administered as an intra-
articular injection.

Prior to concluding the surgical procedure, the knee was 
moved through a full range of motion to ensure that normal 
patellar tracking occurred. Postoperatively, the animals 
were given fentanyl skin patches (12 µg/h) and allowed 
unrestricted cage activity. The rabbits were euthanized 
using pentobarbital (100-150 mg/kg, intravenously) at 3, 6, 
and 12 weeks following the initial surgery, with 4 rabbits 
euthanized at each time interval.

Gross and Histological Processing and Scoring

Two reviewers who were blinded to the treatment groups 
performed all scoring independently. Prior to assigning a 
final score for a given sample, the reviewers deliberated in 
order to reach a final consensus. The ICRS macroscopic 
scoring system on a scale from 0 to 12, with 12 being nor-
mal cartilage and 0 indicating severely abnormal, was used 
to assess the gross specimens (Table 1).

At the time of euthanasia, both knee joints were resected 
en bloc and placed in 10% formalin for 7 days. Following 
formalin fixation, the specimens were decalcified in a 
sodium citrate-formic acid solution for an additional 7 days 
prior to being embedded in paraffin wax. This is a previ-
ously published method of preparing osteochondral speci-
mens in our institution’s laboratory.18 The specimens were 
cut into 8 um sections at the posterior, middle, and anterior 
aspect of the osteochondral donor site, which provided a 
representative view of overall lesion healing. The osteo-
chondral sections were stained with hematoxylin and eosin 
for ICRS histological scoring, alcian blue to assess glycos-
aminoglycan presence, and processed for type II collagen 
immunohistochemistry.1,18-20 The ICRS histological score 
was graded on a scale of 0 to 18 (Table 2).

Statistical Analysis

Descriptive statistics were generated by treatment group for the 
overall cohort and for each time period. Comparison of ICRS 
macroscopic and histological scores between PRP-treated and 
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placebo defects for the overall cohort was performed using 
the Wilcoxon sign-rank test. The mean difference in ICRS 
scores with 95% confidence interval (CI) was also calcu-
lated for each time period separately. Spearman’s rank cor-
relation coefficients were calculated to evaluate associations 
between cytological variables and histological scores. All 
analyses were performed using SAS Software version 9.2 
(SAS Institute, Cary, NC).

Results

There were no immediate perioperative complications fol-
lowing the surgical procedure. No rabbit exhibited any 
signs of lameness or developed an infection postoperatively 
at any time point.

Cytological Analysis

As previously reported, the mean values of the PRP pro-
duced showed a 5.1-fold increased platelet count com-
pared to whole blood (817.6 ± 155.0 × 103/µL vs. 161.5 ± 
42.6 × 103/µL; P < 0.001).12 The PRP showed a white 
blood cell count 1.9 times greater than the whole blood 
(10.0 ± 3.2 × 103/µL vs. 5.1 ± 1.0 × 103/µL; P < 0.001). 
The red blood cell count of the PRP was 28% that of the 
whole blood (10.1 ± 1.8 × 103/µL vs. 35.6 ± 2.4 × 103/µL; 
P < 0.001).

Macroscopic and Histological Appearance of the 
Osteochondral Donor Site

The rabbits were euthanized at 3, 6, and 12 weeks following 
surgery and their knee joints were resected, with 4 rabbits 
euthanized at each time point. The mean macroscopic review 
of the osteochondral donor sites across all time points showed 
a greater mean ICRS macroscopic score in the PRP treated 
knees compared with the placebo group; however, this was 
not statistically significant (5.5 ± 3.8 vs. 3.8 ± 3.5; P = 0.13). 
The mean ICRS macroscopic scores for the PRP-treated 
group at 3, 6, and 12 weeks postoperatively were 4.0 ± 3.7, 4.5 
± 3.3, and 8 ± 4.1, respectively. The mean ICRS macroscopic 
scores for the placebo donor sites at the same time points were 
3.5 ± 3.1, 1.5 ± 1.3, and 6.5 ± 4.2, at 3, 6, and 12 weeks, 
respectively. Subjective assessment of the PRP-treated donor 
sites determined increased tissue infill. Furthermore, the tis-
sue in the PRP-treated donor sites appeared smoother and 
more hyaline like, with fewer fissures, when compared with 
the placebos (Figs. 1 and 2).

The mean ICRS histological score was higher overall 
and at each time point for the PRP-treated osteochondral 
donor sites compared to the placebo group (overall mean 
9.8 ± 2.0 vs. 7.8 ± 1.8; P = 0.04). The PRP-treated donor 

Table 1.  International Cartilage Repair Society Macroscopic 
Score.

Variable Points

Degree of defect repair
  In level with surrounding cartilage 4
  75% repair of defect depth 3
  50% repair of defect depth 2
  25% repair of defect depth 1
  0% repair of defect depth 0
Integration to border zone
  Complete integration with surrounding 

cartilage
4

  Demarcating border <1 mm 3
  ¾th of graft integrated, ¼th with a notable 

border >1 mm width
2

  ½ of graft integrated with surrounding 
cartilage, ½ with a notable border >1 mm

1

  From no contact to ¼th of graft integrated 
with surrounding cartilage

0

Macroscopic appearance
  Intact smooth surface 4
  Fibrillated surface 3
  Small, scattered fissures or cracks 2
  Several, small or few but large fissures 1
  Total degeneration of grafted area 0

Table 2.  International Cartilage Repair Society Histological 
Score.

Variable Score

Surface
  Smooth/continuous 3
  Discontinuities/irregularities 0
Matrix
  Hyaline 3
  Mixture: hyaline/fibrocartilage 2
  Fibrocartilage 1
  Fibrous tissue 0
Cell distribution
  Columnar 3
  Mixed/columnar clusters 2
  Clusters 1
  Individual cells/disorganized 0
Cell population viability
  Predominantly viable 3
  Partially viable 1
  <10% viable 0
Subchondral bone
  Normal 3
  Increased remodeling 2
  Bone necrosis/granulation tissue 1
  Detached/fracture/callus at base 0
Cartilage mineralization
  Normal 3
  Abnormal/inappropriate location 0
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Figure 4.  Sagittal section of osteochondral defect in platelet-
rich plasma–treated group at 12 weeks following surgery. 
Hematoxylin and eosin was used to stain the sections for 
assessment using the International Cartilage Repair Society 
scoring system. Image magnification 20×.

sites showed a greater amount of reparative tissue, with 
increased cellularity. In addition, the reparative tissue was 
more hyaline-like in structure in the PRP treated group when 
compared with the placebo. Cell viability was also noted to 
be more apparent in the PRP-treated group (Figs. 3 and 4).

The mean ICRS histological scores for the PRP treated 
donor sites at 3, 6, and 12 weeks postoperatively were 10 ± 
0.8, 9 ± 2.9, and 10.3 ± 1.9, respectively. These were all 
higher than the mean ICRS histological score for the placebo 
donor sites at the same time points (8.0 ± 2.2, 7.5 ± 0.6, and 

8.0 ± 2.6, at 3, 6, and 12 weeks, respectively). The mean dif-
ference in the ICRS histological score comparing the PRP-
treated donor sites to the placebo donor sites at 3 weeks was 
2.00, 95% CI = −2.68 to 6.68; at 6 weeks was 1.50, 95% CI 
= −2.71 to 5.71; and at 12 weeks was 2.25, 95% CI = −3.01 
to 7.51. Spearman’s correlation coefficients showed no 

Figure 1.  Photograph of osteochondral defect in control group 
at 12 weeks following surgery.

Figure 2.  Photograph of osteochondral defect in platelet-rich 
plasma–treated group at 12 weeks following surgery.

Figure 3.  Sagittal section of osteochondral defect in control 
group at 12 weeks following surgery. Hematoxylin and eosin was 
used to stain the sections for assessment using the International 
Cartilage Repair Society scoring system. Image magnification 
20×.
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significant association between ICRS histological score and 
any cytological variable (white blood cells, ρ = −0.29; 
platelets, ρ = −0.15, red blood cells, ρ = 0.08; P < 0.05 for 
all analyses).

The reparative tissue of the PRP treated donor sites dem-
onstrated greater alcian blue staining when compared with 
the placebo, representing an increase in glycosaminoglycan 
deposition. In addition, greater type II collagen immunore-
action could be seen in the PRP-treated group. The placebo 
group had sparse evidence of glycosaminoglycan and type 
II collagen production, particularly at the center of the 
donor site. In comparison, the PRP-treated group showed 
more diffuse staining for both glycosaminoglycan and type 
II collagen throughout the reparative infill. (Figs. 5-8)

Discussion

The most important finding of this study is evidence that 
PRP may improve healing of an osteochondral donor site in 
vivo in the first 12 weeks postoperatively. While a statisti-
cally significant difference was not measured using the 
ICRS macroscopic scoring system, a significant improve-
ment was quantified at the histological level. No significant 
detriment occurred as a result of PRP administration.

The effects of PRP on autologous osteochondral transplan-
tation have been reported previously.12 In contrast to the cur-
rent study, the use of PRP in an empty donor defect resulted in 
lower ICRS scores by comparison with those seen in autolo-
gous osteochondral transplantation. While these results were 
expected, the tissue regeneration seen in the PRP group by 
comparison with the placebo is nonetheless encouraging  
and may prove beneficial clinically in patients requiring the 

harvest of an osteochondral graft from a non-weightbearing 
portion of the femoral condyle.

The findings of the current study reflect the general trend 
seen in the current literature regarding the use of PRP in car-
tilage pathology. Multiple systematic reviews investigating 
the role of PRP in cartilage pathology have been published 
recently with similar findings.9,10 Zhu et al.11 concluded that 
the current basic science, preclinical, and clinical evidence 

Figure 5.  Sagittal section of osteochondral defect in control 
group at 12 weeks following surgery. Glycosaminoglycan content 
was assessed using alcian blue staining. Image magnification 20×.

Figure 6.  Sagittal section of osteochondral defect in platelet-
rich plasma–treated group at 12 weeks following surgery. 
Glycosaminoglycan content was assessed using alcian blue 
staining. Image magnification 20×.

Figure 7.  Sagittal section of osteochondral defect in control 
group at 12 weeks following surgery. Type II collagen content 
was assessed using type II collagen immunohistochemistry. Image 
magnification 20×.
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for PRP use in osteochondral defects shows promise. The 
evidence for this assertion, as well as the potential explana-
tions for the results of the present study, are multifactorial.

Platelet-rich plasma has been shown to increase chon-
drocyte proliferation and chondrocyte viability.21-23 There is 
also evidence that PRP upregulates the synthetic capacity of 
chondrocytes, with multiple studies citing a rise in glycos-
aminoglycan production and type II collagen deposi-
tion.18,24,25 The effect of PRP on mesenchymal stem cells 
(MSCs) is also relevant to osteochondral defect healing as 
the lesions in this animal model have a bleeding base, lead-
ing to recruitment of subchondral-derived MSCs. Krüger 
et al.26 and others,27,28 have shown that PRP increases MSC 
migration, chondrogenic differentiation, and subsequent 
proteoglycan production. In addition, PRP may also have an 
effect on the joint as a whole by modifying the levels of 
catabolic cytokines that are seen in the presence of a carti-
lage lesion. These are known to include interleukin-1 (IL-1) 
and tumor necrosis factor alpha (TNF-α).18,29,30 In vitro evi-
dence indicates that PRP may inhibit the degradative effects 
of these cytokines, such as the downregulation of type II 
collagen and aggrecan gene expression.23,31 Recently, 
Sundman et al.32 demonstrated that human synovium taken 
from knees with cartilage pathology expressed decreased 
TNF-α levels when cultured with PRP. Furthermore, syn-
oviocyte hyaluronan synthase expression was increased in 
the presence of PRP. These findings mirror the conclusions 
drawn by Anitua et al.33 who determined that PRP increased 
the secretion of hyaluronic acid by synovium cultured from 

osteoarthritic patients. As PRP has been shown to exhibit an 
effect on the joint as whole, affecting not only cartilage but 
also the synovium and intra-articular cytokine levels, it was 
decided that PRP would be administered as an intra- 
articular injection in this study. This contrasts with the aim 
of combining PRP with fibrin glue or other biological prod-
uct to limit it to the confines of the osteochondral lesion.

There are discrepancies in the literature with respect to 
the fact that PRP has not been found to positively influence 
cartilage repair in all instances. An in vivo study conducted 
using a goat model by van Bergen et al.34 concluded that 
PRP did not improve cartilage repair of an osteochondral 
lesion when combined with demineralized bone matrix. 
Similarly, Serra et  al.35 conducted a rabbit osteochondral 
lesion study comparing 7 intra-articular PRP injections with 
saline injections and found that the evolution of the healing 
tissue showed no difference between the 2 groups at 8 
weeks postoperatively. The results of these studies, as well 
as other similar findings reported in the literature, may 
potentially be explained by the variance of adjuncts used in 
combination with PRP, including demineralized bone 
matrix, biomimetic scaffolds, and stem cells. Another 
potential explanation for the varying results seen in the lit-
erature may be the different formulations of PRP used in 
each study. While the term “platelet-rich plasma” implies a 
pure mixture of platelet and acellular plasma, this may not 
actually reflect the true composition of the biological prod-
uct used in clinical practice. PRP may in fact be leukocyte-
rich, leukocyte-poor, contain varying concentrations of 
growth factors, or be reduced to platelet-rich fibrin.11,36,37 
To further compound this issue, the majority of studies fail 
to adequately characterize the cytological composition of 
the PRP used, thus making cross-study comparisons diffi-
cult.10 While each rabbit in our study received a PRP injec-
tion, no correlation was found between the cytological 
components of the PRP (platelets, white blood cells, red 
blood cells) and the histological score. It is likely that a 
larger sample size may be required to determine optimum 
platelet, WBC and RBC concentration on cartilage repair. 
Studies have also used a myriad of adjuncts in combination 
with PRP, and it is likely that the interaction between the 
biologically active components of PRP and the adjunct 
(e.g., synthetic scaffold) cause different results than that of 
PRP in isolation. Last, there is a lack of uniformity in the 
literature regarding the optimum number of PRP applica-
tions, further compounding comparison between studies.

A potential limitation of the study is the model used for cre-
ation of an osteochondral donor site. While this is an established 
model in the rabbit, it is an acutely created defect.13 This differs 
from the classic clinical presentation of an osteochondral lesion, 
which is often more chronic in nature. Therefore, the interaction 
of PRP with the defect and the joint itself in the animal in vivo 
setting may differ from what would take place in the clinical 
setting with a chronic osteochondral lesion. However, PRP 

Figure 8.  Sagittal section of osteochondral defect in platelet-
rich plasma–treated group at 12 weeks following surgery. 
Type II collagen content was assessed using type II collagen 
immunohistochemistry. Image magnification 20×.
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may play a further role in healing acutely established osteo-
chondral defects, such as those created at the osteochondral 
graft donor site in clinical practice. In this regard, Nosewicz 
et al.38 noted in an ovine model that osteochondral donor 
sites show failure of defect closure at 6 months post- 
operatively. Donor site morbidity is a known complication 
of autologous osteochondral transplantation, and PRP may 
have the potential to mitigate this risk in the clinical 
setting.39,40

While the initial findings assessing the effect of PRP on 
patient reported outcome measures have been reported,5,7 
there is little published literature quantifying the cartilage 
repair tissue found following PRP treatment. Ultimately, 
clinical trials assessing cartilage repair in the presence of 
PRP, performed using second-look arthroscopy and/or 
advanced noninvasive imaging techniques, will determine 
whether the results found in the basic science literature 
translate to clinical practice.

Conclusion

The results of this study indicate that PRP used as an intra-
articular injection may improve cartilaginous healing of an 
osteochondral donor site in a rabbit model.

Acknowledgments and Funding

This study was funded through educational grants from Arteriocyte 
Inc., the Ohnell Family Foundation, and Mr. and Mrs. Michael J. 
Levitt, given directly to Hospital for Special Surgery. This funding 
was used for supplies and animal costs. No author received any 
financial benefit from this study.

Declaration of Conflicting Interests

One of the authors (JGK) serves as a consultant for Arteriocyte 
Inc. This relationship had no bearing on the study.

Ethical Approval	

The Institutional Animal Care and Use Committee approved all 
surgical procedures and experimental designs.

References

	 1.	 Jackson DW, Lalor PA, Aberman HM, Simon TM. 
Spontaneous repair of full- thickness defects of articular car-
tilage in a goat model. A preliminary study. J Bone Joint Surg 
Am. 2001;83-A(1):53-64.

	 2.	 Buckwalter JA, Mankin HJ. Articular cartilage repair and 
transplantation. Arthritis Rheum. 1998 Aug;41(8):1331-42.

	 3.	 Murawski CD, Kennedy JG. Operative treatment of osteochondral 
lesions of the talus. J Bone Joint Surg Am. 2013;41(8):1869-76.

	 4.	 Giannini S, Buda R, Battaglia M, Cavallo M, Ruffilli A, 
Ramponi L, et  al. One-step repair in talar osteochondral 
lesions: 4-year clinical results and t2-mapping capability in 
outcome prediction. Am J Sports Med. 2013;41(3):511-8.

	 5.	 Guney A, Akar M, Karaman I, Oner M, Guney B.  
Clinical outcomes of platelet-rich plasma (PRP) as an adjunct 

to microfracture surgery in osteochondral lesions of the talus. 
Knee Surg Sports Traumatol Arthrosc. 2015;23(8):2384-9.

	 6.	 Kim YS, Park EH, Kim YC, Koh YG. Clinical outcomes of 
mesenchymal stem cell injection with arthroscopic treatment 
in older patients with osteochondral lesions of the talus. Am J 
Sports Med. 2013;41(5):1090-9.

	 7.	 Mei-Dan O, Carmont MR, Laver L, Mann G, Mafulli N, 
Nyska M. Platelet-rich plasma or hyaluronate in the manage-
ment of osteochondral lesions of the talus. Am J Sports Med. 
2012;40(3):534-41.

	 8.	 Miller Y, Bachowski G, Benjamin R, Eklund DK, Hibbard 
AJ, Lightfoot T, et  al. Practice guideline for blood transfu-
sion: a compilation from recent peer-reviewed literature. 2nd 
ed. Washington, DC: American Red Cross; 2012.

	 9.	 Dold AP, Zywiel MG, Taylor DW, Dwyer T, Theodoropoulos 
J. Platelet-rich plasma in the management of articular car-
tilage pathology: a systematic review. Clin J Sport Med. 
2014;24(1):31-43.

	10.	 Smyth NA, Murawski CD, Fortier LA, Cole BJ, Kennedy 
JG. Platelet-rich plasma in the pathological processes of 
cartilage: a review of basic science evidence. Arthroscopy. 
2013;29(8):1399-1409.

	11.	 Zhu Y, Yuan M, Meng HY, Wang AY, Guo QY, Wang Y, 
et  al. Basic science and clinical application of platelet-rich 
plasma for cartilage defects and osteoarthritis: a review. 
Osteoarthritis Cartilage. 2013;21(11):1627-37.

	12.	 Smyth NA, Haleem AM, Murawski CD, Do H, Deland JT, 
Kennedy JG. The effect of platelet-rich plasma on autologous 
osteochondral transplantation: an in vivo rabbit model. J Bone 
Joint Surg Am. 2013;95(24):2185-93.

	13.	 Gao J, Knaack D, Goldberg VM, Caplan AI. Osteochondral 
defect repair by demineralized cortical bone matrix. Clin 
Orthop Relat Res. 2004;(427 suppl.):S62-6.

	14.	 Cheuk YC, Wong MW, Lee KM, Fu SC. Use of allogeneic 
scaffold-free chondrocyte pellet in repair of osteochondral 
defect in a rabbit model. J Orthop Res. 2011;29(9):1343-50.

	15.	 Martinez-Diaz S, Garcia-Giralt N, Lebourg M, Gómez-
Tejedor JA, Vila G, Caceres E, et al. In vivo evaluation of 
3-dimensional polycaprolactone scaffolds for cartilage repair 
in rabbits. Am J Sports Med. 2010;38(3):509-19.

	16.	 Toyokawa N, Fujioka H, Kokubu T, Nagura I, Inui A, Sakata 
R, et al. Electrospun synthetic polymer scaffold for cartilage 
repair without cultured cells in an animal model. Arthroscopy. 
2010;26(3):375-83.

	17.	 Nishitani K, Shirai T, Kobayashi M, Kuroki H, Azuma Y, 
Nakagawa Y, et al. Positive effect of alendronate on subchon-
dral bone healing and subsequent cartilage repair in a rabbit 
osteochondral defect model. Am J Sports Med. 2009;37(suppl. 
1):139S-47S.

	18.	 Gulotta von LV, Rudzki JR, Kovacevic D, Chen CC, 
Milentijevic D, Williams RJ 3rd. Chondrocyte death and 
cartilage degradation after autologous osteochondral trans-
plantation surgery in a rabbit model. Am J Sports Med. 
2009;37(7):1324-33.

	19.	 Kon E, Filardo G, Delcogliano M, Fini M, Salamanna 
F, Giavaresi G, et  al. Platelet autologous growth factors 
decrease the osteochondral regeneration capability of a 
collagen-hydroxyapatite scaffold in a sheep model. BMC 
Musculoskelet Disord 2010;11:220.



Smyth et al.	 111

	20.	 Mitchell N, Shepard N. The resurfacing of adult rabbit articu-
lar cartilage by multiple perforations through the subchondral 
bone. J Bone Joint Surg Am. 1976;58:230-3.

	21.	 Lee H, Park KM, Park KD, Joung YK, Do SH. Platelet-rich 
plasma loaded hydrogel scaffold enhances chondrogenic dif-
ferentiation and maturation with up-regulation of CB1 and 
CB2. J Control Release. 2012;159(3):332-7.

	22.	 Park SI, Lee HR, Kim S, Ahn MW, Do SH. Time-sequential 
modulation in expression of growth factors from platelet-rich 
plasma (PRP) on the chondrocyte cultures. Mol Cell Biochem. 
2012;361(1-2):9-17.

	23.	 Wu C, Chen W, Bin Zao, Lai P, Lin T, Lo H, et  al. 
Regenerative potentials of platelet-rich plasma enhanced by 
collagen in retrieving pro-inflammatory cytokine-inhibited 
chondrogenesis. Biomaterials. 2011;32(25):5847-54.

	24.	 Akeda K, An H, Okuma M, Attawia M, Miyamoto K, Thonare 
E, et al. Platelet-rich plasma stimulates porcine articular chon-
drocyte proliferation and matrix biosynthesis. Osteoarthritis 
Cartilage. 2006;14(12):1272-80.

	25.	 Spreafico A, Chellini F, Frediani B, Bernardini G, Niccolini 
S, Serchi T, et al. Biochemical investigation of the effects of 
human platelet releasates on human articular chondrocytes. J 
Cell Biochem. 2009;108(5):1153-65.

	26.	 Krüger JP, Hondke S, Endres M, Pruss A, Siclari A, Kaps C. 
Human platelet-rich plasma stimulates migration and chon-
drogenic differentiation of human subchondral progenitor 
cells. J Orthop Res. 2012;30(6):845-52.

	27.	 Mishra A, Tummala P, King A, Lee B, Kraus M, Tse V, et al. 
Buffered platelet-rich plasma enhances mesenchymal stem 
cell proliferation and chondrogenic differentiation. Tissue 
Eng Part C. 2009;15(3):431-5.

	28.	 Zaky SH, Ottonello A, Strada P, Cancedda R, Mastrogiacomo 
M. Platelet lysate favours expansion of human bone marrow 
stromal cells for bone and cartilage engineering. J Tissue Eng 
Regen Med. 2008;2(8):472-81.

	29.	 Lin P, Chen C, Torzilli P. Increased stromelysin-1 (MMP-3), 
proteoglycan degradation (3B3- and 7D4) and collagen dam-
age in cyclically load-injured articular cartilage. Osteoarthritis 
Cartilage. 2004;12(6):485-96.

	30.	 Sward P, Frobell R, Englund M, Roos H, Struglics A. 
Cartilage and bone markers and inflammatory cytokines are 
increased in synovial fluid in the acute phase of knee injury 
(hemarthrosis)—a cross-sectional analysis. Osteoarthritis 
Cartilage. 2012;20(11):1302-8.

	31.	 van Buul GM, Koevoet WL, Kops N, Bos PK, Verhaar JA, 
Weinans H, et  al. Platelet-rich plasma releasate inhibits 
inflammatory processes in osteoarthritic chondrocytes. Am J 
Sports Med. 2011;39(11):2362-70.

	32.	 Sundman EA, Cole BJ, Karas V, Della Valle C, Tetreault 
MW, Mohammed HO, et  al. The anti-inflammatory and 
matrix restorative mechanisms of platelet-rich plasma in 
osteoarthritis. Am J Sports Med. 2014 Jan;42(1):35-41.

	33.	 Anitua E, Sanchez M, Nurden AT, Zalduendo MM, de la 
Fuente M, Azofra J, et  al. Platelet-released growth fac-
tors enhance the secretion of hyaluronic acid and hepa-
tocyte growth factor production by synovial fibroblasts 
from arthritic patients. Rheumatology (Oxford). 2007;46 
(12):1769-72.

	34.	 van Bergen CJ, Kerkhoffs GM, Ozdemir M, Korstjens CM, 
Everts V, van Ruijven LJ, et al. Demineralized bone matrix 
and platelet-rich plasma do not improve healing of osteochon-
dral defects of the talus: an experimental goat study. Am J 
Sports Med. 2013;21(11):1746-54.

	35.	 Serra CI, Soler C, Carrillo JM, Sopena JJ, Redondo JI, Cugat 
R. Effect of autologous platelet-rich plasma on the repair of 
full-thickness articular defects in rabbits. Knee Surg Sports 
Traumatol Arthrosc. 2013;21(8):1730-6.

	36.	 Castillo T, Pouliot M, Kim H, Dragoo J. Comparison of 
growth factor and platelet concentration from commercial 
platelet-rich plasma separation system. Am J Sports Med. 
2011;39:266-271.

	37.	 Mazzocca A, McCarthy M, Chowaniec D, Cote M, Romeo 
A, Bradley J, et al. Platelet-rich plasma differs according to 
preparation method and human variability. J Bone Joint Surg 
Am. 2012;94:308-16.

	38.	 Nosewicz TL, Reilingh ML, van Dijk CN, Duda GN, Schell 
H. Weightbearing ovine osteochondral defects heal with 
inadequate subchondral bone plate restoration: implication 
regarding osteochondral autograft harvesting. Knee Surg 
Sports Traumatol Arthrosc. 2012;20(10):1923-30.

	39.	 Paul J, Sagstetter A, Kriner M, Imhoff AB, Spang J, 
Hinterwimmer S. Donor-site morbidity after osteochondral 
autologous transplantation for lesions of the talus. J Bone 
Joint Surg Am. 2009;91(7):1683-8.

	40.	 Reddy S, Pedowitz DI, Parekh SG, Sennett BJ, Okereke E. 
The morbidity associated with osteochondral harvest from 
asymptomatic knees for the treatment of osteochondral 
lesions of the talus. Am J Sports Med. 2007;35(1):80-5.


