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Cell and tissue stimulation

Introduction

Many treatment modalities are available for articular carti-
lage injuries.1,2 The most frequently used treatment is a 
marrow stimulation technique known as microfracture 
(MFx).3 However, studies have shown that marrow stimula-
tion results in the formation of fibrocartilaginous and 
fibrous repair tissue rather than hyaline cartilage.4,5

Cartilage chips transplantation is emerging as a possible 
treatment alternative to marrow stimulation. In 2006, Lu 
et  al.6 reported that chondrocytes from cartilage explants 
migrated and produced a new extracellular matrix. Even 
though the repair mechanism is yet to be established,7 the 
cartilage repair potential of cartilage chips has been con-
firmed in a number of studies.8-14 Two different methods 
have demonstrated clinical efficacy: particulated juvenile 
articular cartilage (PJAC; DeNovo NT) for chondral defects 

and autologous dual-tissue transplantation (ADTT) for 
osteochondral defects. The commercially available PJAC 
treatment consists of allogenic cartilage chips from juvenile 
donors, and these cartilage chips are embedded in fibrin 
glue and implanted in a chondral defect. Initial reports have 
been promising, noting significant clinical outcome improve-
ments in patients after 2 years.11,15 In ADTT, a cartilage 
biopsy specimen is taken from a low weightbearing site in 
the affected knee, and a bone biopsy specimen is taken from 
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Abstract
Background. Repair of chondral injuries using cartilage chips has recently demonstrated clinical feasibility. Autologous 
platelet-rich plasma (PRP) is a potential promising technique for improving healing response during cartilage repair. Purpose. 
To assess the cartilage repair tissue quality after autologous cartilage chips treatment (CC) with and without repeated local 
injections of PRP for the treatment of full-thickness focal chondral defects of the knee. Materials and Methods. Two full-
thickness chondral defects (Ø = 6 mm) were created in the medial and lateral trochlea facets of each knee in 6 skeletally 
mature Göttingen minipigs. The 2 treatment groups were (1) CC with 1 weekly PRP injection for 3 weeks (n = 12) and 
(2) CC alone (n = 12). The animals were euthanized after 6 months. Samples of whole blood and PRP were analyzed 
for concentrations of platelets and nucleated cells. The composition of the cartilage repair tissue was assessed using 
gross appearance assessment, histomorphometry, and semiquantitative scoring (ICRS II). Results. Histological evaluation 
demonstrated no significant difference in the content of hyaline cartilage (CC + PRP: 18.7% vs. CC: 19.6%), fibrocartilage 
(CC + PRP: 48.1% vs. CC: 51.8%), or fibrous tissue (CC + PRP: 22.7% vs. CC: 21.8%) between the treatment groups. 
Macroscopic evaluation did not demonstrate any difference between groups. Conclusions. PRP injections after CC in the 
treatment of full-thickness cartilage injuries demonstrated no beneficial effects in terms of macroscopic and histologic 
composition of cartilage repair tissue.
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the proximal tibia. First, the autologous bone graft is 
implanted in the bed of the osteochondral defect. Second, 
the cartilage biopsy specimen is chipped using a scalpel, 
embedded in fibrin glue, and implanted on top of the bone 
graft.16-18 Initial results are promising,16 and an experimental 
study has established that the presence of autologous carti-
lage chips in a defect results in improved cartilage repair 
tissue.17

Several enhancement principles for MFx have been 
described, such as biologic and polymer scaffolds and 
hydrogels.19-22 These may also function as enhancers for 
cartilage chips repair. Among the potential adjuvants, plate-
let-rich plasma (PRP), an endogenous source of anabolic 
growth factors, is an increasingly popular therapy for the 
treatment of musculoskeletal pathologies.23-25 PRP contains 
high concentrations of platelet and growth factors, such as 
platelet-derived growth factor and transforming growth 
factor–β.26,27 The potential advantages of using PRP as an 
adjuvant to cartilage chip transplantation are the capacity to 
promote cellular migration and adherence to the defects, 
and the presence of growth factors that are involved in 
maintaining chondrocyte viability.28

The aim of the current study was to assess the cartilage 
repair tissue quality after autologous cartilage chips treat-
ment (CC) with and without repeated local injections of 
PRP for the treatment of full-thickness focal chondral 
defects of the knee in large animal model. We hypothesized 
that PRP injection would increase the proportion of hyaline 
cartilage in the repair tissue.

Materials and Methods

Experimental Design

Six skeletally mature male Göttingen minipigs were included 
in the study. The average weight was 36.5 kg (range 32.2-
41.1 kg), and the average age at surgery was 19.7 months 
(range 18.2-22.2 months).

Two chondral defects with a diameter of 6 mm were sur-
gically applied to the trochlea of each knee: one defect in 
the medial trochlear facet and one in the lateral. There were 
24 treated defects in the 6 animals. The defects of each knee 
were treated with either CC alone or CC and PRP (n = 12 
per study group). Ultrasound-guided intra-articular PRP 
injections were administered per-operatively and once 
every week for 3 weeks (a total of four PRP injections). The 
animals were euthanized after 6 months. Follow-up con-
sisted of a gross appearance assessment, histomorphometry, 
and semiquantitative scoring (International Cartilage Repair 
Society [ICRS] II).

The study complied with the Danish Law on Animal 
Experimentation and was approved by the Danish Ministry 
of Justice Ethical Committee, J.nr. 2012-15-2934-00301.

Anesthesia

The animal model and surgery have previously been 
described in detail.17,18,29 The animals were premedicated 
with a Zoletil mix 1 mL/10 kg (tiletamin 2.5 mg/mL, zolaze-
pam 2.5 mg/mL, torbugesic 0.5 mg/mL, ketaminol 2.5 mg/mL, 
and rompun 2.5 mg/mL; Virbac, DK). General anesthesia 
and local anesthesia were achieved with Etomidate (Hypno-
midate, 0.25 mL/kg, Janssen Pharmaceutica, Belgium), Sevo- 
flurane (3%, AbbVie, Denmark), fentanyl (0.175 mL/kg/h, 
Hameln Pharmaceuticals, Germany), and Xylocain (10 mL, 
20 mg/mL, Astra Zeneca, Denmark). The animals received 
preoperative prophylactic antibiotics (Penicillinprokain 
0.03 mL/kg, Ceva Sante Animale, France).

Surgery

Access to the knee joint was gained through the patellar 
ligament. The trochlea was exposed, and two 6-mm chon-
dral defects were created using a skin biopsy punch and 
curette. The defects were thoroughly debrided, and the cal-
cified cartilage layer was removed to improve graft inte-
gration to the subchondral bone, which was not violated. In 
the CC-only group, the cartilage removed in the debride-
ment process was cut into 0.25 to 0.5 mm3 cartilage chips. 
The cartilage chips were placed in the chondral defect and 
embedded in fibrin glue (Tisseel Duo Quick, Baxter, 
Denmark).

The same procedure was performed in the CC and PRP 
group with the addition of a single PRP injection after clo-
sure of surgical incision, followed by ultrasound-guided 
intra-articular PRP injections once every week for 3 weeks 
(a total of 4 PRP injections). PRP injection treatment was 
randomly assigned to right and left knees. Postoperatively, 
40 full-range motions of the knee were performed to ensure 
equal intraarticular distribution of the PRP. After 6 months, 
the minipigs were euthanized with an intravascular injec-
tion of pentobarbital (0.4 mL/kg) while under general 
anesthesia.

Preparation of PRP

Activated GPS III platelet factors (Biomet, Warsaw, IN) 
were used. Blood samples were taken by venipuncture on 
the day of surgery. For each subject, 26 mL of blood was 
collected in a 50-mL syringe containing 4 mL of anticoagu-
lant ACD-A (adenosin-citrate-dextrose-acid). A 12-mL 
syringe containing 1.6 mL of ACD-A was used to collect 
10.4 mL of blood to provide a base measurement.

The anticoagulated blood was centrifuged for 15 min-
utes at 3200 rpm (755VES-230 V, Biomet Biologics, LLC). 
The plasma was then withdrawn using a yellow cap. The 
system was then agitated for 30 seconds to resuspend the 
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buffy coat, which contained most of the platelets. The PRP 
was then collected using a red cap in a 10-mL syringe.

Samples of both the whole blood and PRP were analyzed 
with an automated hematology analyzer using RNA fluo-
rescent dyes, per the manufacturer’s instructions (Sysmex 
XE-5000, Sysmex Corp., Kobe, Japan), to determine the 
concentrations of platelets and nucleated cells. The GPS III 
system produced a leucocyte-rich PRP product.

Macroscopic Evaluation

Macroscopic evaluation was performed by an experienced 
investigator using the ICRS macroscopic evaluation 
score.30 All the condyles were scored immediately after 
sacrificing the animals, and the characteristics of the lesion 
were recorded, describing color, surface texture, and the 
presence or absence of exposed subchondral bone. The 
score ranges from 1 to 12 with 12 been normal appearing 
cartilage.

Histology

The samples were dehydrated in ethanol of an increasing 
concentration (70% to 96%) and cleared in isopropanol and 
xylene. Finally, the samples were embedded in methyl-
methacrylate (MMA) and cut in 7-μm slices using a hard 
tissue microtome (Reichert Jung Polycot). All samples were 
stained with hematoxylin and eosin, safranin O, toluidine 
blue, and collagen type I and II.

Histomorphometry

The tissue composition of the repair tissue was quantita-
tively evaluated using histomorphometry, as described by 
Foldager et al.31 Each defect was halved, and sections were 
cut for every 350 μm, resulting in a total of 7 sections per 
defect. All samples were stained with hematoxylin and eosin 
(H&E).32

In each section, a region of interest was defined on the 
defect as the “repair tissue.” Using newCAST software 
(Visiopharm, Hørsholm, Denmark), a counting grid of 5 × 
5 points was superimposed onto each section at 10× mag-
nification. Using this software, 60% of the “repair tissue” 
was counted. Each point in the grid was counted according 
to the tissue type (hyaline cartilage, fibrocartilage, fibrous 
tissue, bone, or vascular tissue). Hyaline cartilage was 
defined as rounded cells located in lacunae within a hyaline 
matrix. Fibrocartilage was defined as rounded cells located 
in lacunae within a fibrous matrix. Fibrous tissue was 
defined as elongated cells located in a fibrous matrix. The 
sections were evaluated both with and without the use of 
polarized light microscopy to ensure the correct scoring of 
the tissue.

Semiquantitative Scoring

Each defect was evaluated using the ICRS II histological 
score. For the ICRS II score, the sections are evaluated on a 
visual analogue scale. There are 14 categories: tissue mor-
phology, matrix staining, cell morphology, chondrocyte 
clustering, surface architecture, basal integration, formation 
of a tidemark, subchondral bone abnormalities, inflamma-
tion, abnormal calcification, vascularization, surface assess-
ment, deep zone assessment, and overall assessment.33

Statistics

The primary outcome was fraction of hyaline cartilage in 
repair tissue. The power analysis was based on the follow-
ing assumptions based on previous studies.17,29

Hyaline cartilage formation in control group (CC alone): 
20% (SD = 15%), and treatment group (CC + PRP): 40 % 
(SD: 20%). With these assumptions the sample size needed 
in each group was 12 defects.

The data were tested for normality using a histogram and 
QQ-plots. Because there were only 2 groups and no repeated 
measures for the outcome measures, Student’s t tests were 
applied. A P value <0.05 was considered significant. 
Statistical analysis was performed with STATA software 
version 11.2 (StataCorp, College Station, TX, USA).

Results

There were no postoperative complications, and all animals 
completed the follow-up period of 6 months.

PRP Analysis

Autologous PRP was generated from the blood of all the ani-
mals. The average fold increase in platelets was 8.6 ± 2.7. 
Leukocyte concentration also increased in PRP samples by 
an average fold change of 7.1 ± 1.9.

ICRS Macroscopic Score.  At 6 months after the intervention, 
the repair tissues of the CC alone and the CC and PRP group 
were irregular and opaque. The condyles of both treatments 
showed differences in gross observation, ranging from sam-
ples with tissues that were slightly irregular, soft, and with 
a similar color to the surrounding cartilage to other samples 
with irregular tissue and bone exposure. The average ICRS 
score was 5.3 ± 1.2 for the CC and PRP group and 5.0 ± 1.3 
for the CC group with no difference between groups. Both 
groups representing scores ranging exclusively in ICRS 
score group III: abnormal.

Histomorphometry and Histology.  There were no significant 
differences found when comparing the fractions of hyaline 
cartilage (20.6% vs. 17.2%, P = 0.4), fibrocartilage (52.8% 
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vs. 47.8%, P = 0.2), and fibrous tissue (22.9% vs. 24.8%, 
P = 0.4) in defects treated with CC and PRP compared with 
CC alone. Also, no differences were found when comparing 
the fractions of bone and vascular tissue (P > 0.05). The 
results are presented in Figure 1.

The semiquantitative analysis of histological data using 
ICRS II score demonstrated no differences in any of the 
subscales (Fig. 2). Histologic assessment of the osteochon-
dral blocks revealed all stifles in both the CC and PRP and 
CC treatment groups had altered cartilage and bone histol-
ogy. Observed changes included altered surface architec-
ture, altered matrix staining, changes to the subchondral 
bone in form of irregularity of the subchondral bone plate 
as well as sporadic formation of small osteophytes in the 
defects. The CC and PRP group and the CC alone group 
had good filling of the defects. The repair tissue observed 
in the defects border area were predominantly fibrous or 
fibrocartilage tissue in all samples. Both treatment groups 
contained islands of viable hyaline cartilage tissue from 
cartilage chips were seen embedded in fibrocartilage tissue. 
In general, a mixture of hyaline cartilage, fibrocartilage, 
and fibrous tissue throughout the defects (Figs. 3, 4, and 5).

Discussion

The main finding of the present study is that repeated 
intraarticular PRP injections to cartilage chips transplanta-
tion treatment of full-thickness cartilage lesions did not 
improve the quality of the repair tissue.

To our knowledge, the present study is the first to inves-
tigate the contribution of PRP injections to hyaline cartilage 

regeneration of a particulated cartilage technique. The use 
of this adjuvant, however, did not contribute significantly to 
cartilage repair tissue quality when compared with particu-
lated cartilage treatment alone after 6 months.

Because the investigated cartilage defects were solely 
full-thickness cartilage defects with no disruption of the 
subchondral bone, it is interesting to note the degree to 
which creating a chondral defect affects the underlying 
bone. We saw central osteophytes formation in both the CC 
and PRP–treated joints and CC alone joints although no sig-
nificant differences were noted. McCauley et al.34 described 
an association between full-thickness or near full-thickness 
cartilage defects with central osteophytes in naturally occur-
ring disease in human knees. Similarly, Olive et  al.35 
described central osteophytes deep within cartilage lesions 
in equine subjects. The finding of central osteophytes in the 
present study may indicate the natural progression of heal-
ing of bone and cartilage in areas where the immediate post-
operative load could not be eliminated, leading to a bony 
healing response. The lack of subchondral and epiphyseal 
bone cysts in any defects is expected because both treat-
ment groups had only a full-thickness cartilage defect that 
did not break the subchondral bone plate.

Another potential cause for lack of effect was that the 
PRP concentration was not adequate or correct for the pro-
motion of chondral healing. However, in the current study, 
the preparation of PRP was performed using the protocol 
described by Wu et al.36 In their research, Wu et al. success-
fully reconstructed an injectable cartilage graft by using 
autologous PRP and cultured chondrocytes without perform-
ing a platelet count, so there is evidence that PRP prepared 
with this protocol should at least be effective enough to allow 
for chondrocyte and chondral matrix growth. Moreover, the 
platelet concentrations in our PRP preparations were compa-
rable to other studies using human PRP.37-39 After injection 
there are always an unknown model-related dilution of the 
PRP. This factor could reduce the effect of the PRP in the 
present study.

A limitation of our study could be that an optimal PRP 
concentration for chondral healing is not known; therefore, 
the PRP dosage is just chosen arbitrarily. But we did have 
documented platelet concentrations comparable to a stan-
dard human PRP preparation. Another limitation of the 
current study is that we only evaluated morphological 
parameters, and no functional data were analyzed. However, 
our aim was to describe the effect of PRP in the biological 
quality of the tissue generated after autologous particulated 
cartilage treatment, not its impact on joint function.

We chose repeated intra-articular injections over local 
application, which in theory would have guaranteed delivery 
of a higher concentration of platelets to the defects as opposed 
to the dissipated PRP given intraarticularly, however in a 

Figure 1. T he fraction of hyaline tissue, fibrocartilage, and fibrous 
tissue in the cartilage repair tissue. CC, autologous cartilage chips 
transplantation; PRP, platelet-rich plasma; NS, nonsignificant. Error 
bars are standard error of mean (SEM).
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pilot trial we experienced that PRP compromised fibrin glue 
function, thus destabilizing the clot, and thereby risking the 
cartilage chips to detach from the defect area.

The strengths of the current study include the use of an 
easy and reproducible method and using the same anesthetic 
procedure, operative technique, and perioperative manage-
ment protocol. We used a validated large animal model and 

that both quantitative histomorphometric and validated 
semiquantitative tissue repair evaluations were used.

Conclusion

In the present study, we were unable to demonstrate a ben-
eficial effect of intraarticular administration of platelet-rich 

Figure 2. I nternational Cartilage Repair Society (ICRS) II scores. Error bars are standard error of mean (SEM).

Figure 3.  Hematoxylin and eosin staining; scale bars 1000 μm (A and B) and 100 μm (C and D). (A and C) Histological section of 
defect treated with CC and PRP. The arrows mark the border between native cartilage and repair tissue. (B and D) A defect treated 
with CC alone. The defect is sufficiently filled, and the repair tissue is a mixture of fibrous tissue and fibrocartilage. Samples represent 
mean repair tissue quality. CC, autologous cartilage chips transplantation; PRP, platelet-rich plasma.
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plasma as an adjuvant of cartilage chips transplantation to 
regenerate hyaline cartilage in acute full-thickness chondral 
lesions in a minipig model.
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