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Abstract A full thickness defect was made in the central
portion of the patellar tendon of 48 New Zealand white
rabbits. Platelet-rich plasma (PRP) gel was then applied and
filled the tendon defect. The same procedure was performed
in the control group, without the application of PRP.
Animals were sacrificed after one, two, three, and
four weeks. Histological and immunohistochemical analy-
ses using a monoclonal antibody against CD31 were
performed. The histological examination showed a superior
healing process in the PRP group compared with the
control group. Especially in the third week, the tissue
formed in the PRP group was more mature and dense with
less elastic fibres remaining. Neovascularisation was sig-
nificantly higher in the PRP group during the first two
weeks and significantly lower in the third and fourth weeks
(»<0.0001). Histological examination and study of angio-
genesis showed that the application of PRP enhances and
accelerates the tendon healing process.
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Résumé Etude immuno histochimique de I’angiogénése
aprés administration locale d’un plasma enrichi en pla-
quettes sur le tendon rotulien de lapins apres résection de la
portion centrale du tendon. Matériel et méthode: une 1ésion
portant sur toute I’épaisseur du tendon a été réalisée sur la
partie centrale du tendon rotulien de 48 lapins blancs de
Nouvelle Zélande. Un gel plasma riche en plaquettes (PRP)
a ¢été appliqué comblant la lésion tendineuse. La méme
technique a ¢été réalisée sur un groupe controle sans
application de PRP. Les animaux ont été sacrifiés apres 1,
2, 3 et 4 semaines. Une ¢étude histologique et immuno
histochimique a été réalisée utilisant un anticorps mono-
clonal anti CD31. Résultat: I’examen histologique a montré
un meilleur processus de cicatrisation dans le groupe PRP
que dans le groupe controle. Aprés trois semaines, le tissu
néformé dans le groupe PRP est plus mature et plus dense
et contient moins de fibres élastiques. La néovasclarisation
est significativement plus haute dans le groupe PRP au
cours des deux premicres semaines et significativement
abaissée a la troisiéme et quatrieme semaine (p<0,0001).
Discussion: 1’examen histologique et 1’étude de 1’angiogén-
ése montre que ’application de PRP améliore et accelére le
processus de cicatrisation tendineuse.

Introduction

A common substitute for ligament reconstruction of the
knee is the central one-third portion of the patellar tendon.
However, there are many problems associated with the
harvest of the tendon, including decreased strength of the
quadriceps [24], patello-femoral problems [25, 27], and
rupture of the remaining patellar tendon [17, 19]. There
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have been various attempts in the past to identify modulating
agents aiming to enhance tendon healing. Growth factors, a
major group of candidates for modulating agents, defined by
their primary growth-stimulating functions, have been shown
to be involved in almost every stage of the healing process
[6, 7, 12].

Platelet-rich plasma (PRP) is an autologous concentra-
tion of platelets in a small volume of plasma, which
contains several growth factors including platelet-derived
growth factor (PDGF), transforming growth factor 3 (TGF-
f3), fibroblastic growth factor (FGF), vascular endothelial
growth factor (VEGF), insulin-like growth factor-1 (IGF-1),
and epidermal growth factor (EGF). PRP is a new
application of tissue engineering. Recently, it has been
investigated for the regeneration of bone [16, 18, 22],
cartilage [2, 21], and ligaments [26], and for the treatment
of open fractures [15].

Considering that the low-healing capacity of tendon is
associated with a reduced blood supply compared with
other tissues and that tendon healing and remodelling
require angiogenesis, a process that is tightly controlled
by growth factors [16], we postulated that an application of
PRP might significantly enhance angiogenesis in the
patellar tendon after resecting its central third. The aim of
this study was to test this hypothesis.

Materials and methods
Animals

Forty-eight skeletally mature New Zealand white rabbits,
weighing an average of 3.5 kg each, were used following
approval from the regional ethical board. Institutional
guidelines for the care and treatment of laboratory animals
were adhered to. The rabbits were housed one per cage with
food and water available ad libidum. Although there were
both male and female rabbits, randomisation was done
without stratification for sex. Four groups were assigned,
and animals were sacrificed after one, two, three, and
four weeks (n=12 for each group). At each time point, six
animals (12 limbs) received the PRP, and six animals (12
limbs) served as an untreated control group. PRPFast
(Bioteck) was used for the preparation of growth factors.

PRP preparation

Eight millilitres of blood from an ear vein was collected in
a tube immediately after general anaesthesia. The blood
was allowed to stand for 15 min in order to reduce platelet
activation during centrifugation. Once centrifugation was
complete, the upper half was considered platelet poor
plasma (PPP) and was removed using sterile pipettes. The
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lower half, the PRP proper, was retrieved using a pipette by
aspirating up to the interphase zone (consisting of blood
cells) and then placed into another glass tube.
Two millilitres of PRP was collected for every 8 ml of
blood. The PRP was applied in a gel form, manufactured by
adding 0.5 ml of procoagulant solution in the tube with the
liquid PRP and allowing approximately 15 minutes for the
solution to become a gel.

Surgical procedure

The rabbits were anaesthetised with an intramuscular
injection of xylazine (Rompun Injectable, Bayer) at a
dosage of 5-7 mg/kg and 0.15 mg of atropine (DEMO
S.A.). After 10-15 min, ketamine (Imalgene, Rhone
Merieux, France) at a dosage of 12-15 mgkg was
injected intramuscularly. During surgery, supplemental
sedation was given and administered as required. Local
anaesthesia of 1 ml of a 2% lidocaine-adrenaline solution
(AstraZeneca, UK) was applied at regular intervals at the
site of incisions.

The surgical procedure was performed according to the
animal model described by Anaguchi et al. [3]. After the
creation of the defect, four markers were placed at the corners
of the defect with 5-0 nylon sutures to identify the location of
the resected portion. The PRP gel was then applied and filled
the tendon defect. The overlying fascia was closed with a
running suture of 4-0 nylon so that PRP gel applied into the
resected portion would not flow out. Skin was closed with
clips. The same procedure was performed in the opposite
limb. The same procedure was also performed in both limbs
in the control group, without the application of PRP into the
patellar tendon defect. No immobilisation was applied after
surgery, and the rabbits were allowed unrestricted daily
activities in their cages.

Histology

After one, two, three, and four weeks the animals were
sacrificed with an overdose of intracardiac injection of 10%
KCI solution under general anaesthesia. The entire patellar
tendon was then removed and dissected free from other
tissues. The specimens were then fixed in a buffered 10%
formalin solution and cast in paraffin blocks. The sections
were made transversely on the longitudinal axis of the
tendon. From each tendon, six paraffin sections were made.
Of them, three sections were stained with haematoxylin-
eosin and subjected to microscopic examination, while the
other three were immunostained with a monoclonal
antibody against CD31 (DAKO Co., Carpinteria, CA,
USA), which is a marker of vascular endothelial cells. All
sections were analysed by a single pathologist who was
blinded to the treatment groups.
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Image analysis

Image analysis was performed using a light microscope (Nikon
Eclipse 801, Nikon Corp, Tokyo, Japan) equipped with a digital
camera (Nikon DS-2MW) with a resolution of 1600x1200
pixels. The digital images were measured semiquantitatively on
a PC with the assistance of Image ProPlus software (Image
ProPlus v5.1, Media Cybernetics Inc., Maryland, USA).

An evaluation of angiogenesis was then performed using
a technique described by Ju et al. [13] (initially established

Fig. 1 Representative high vas-
cularised areas demonstrating
CD31 immunoreactivity in 1, 2,
3 and 4 weeks of wound healing
(all images were captured under
400x magnification). A,B High
CD31 expression seen in the
first week in both groups. C,D
CD31 expression (and thus ves-
sel formation) increased faster in
the PRP group from 1 to

2 weeks than in the control
group. E,F As the wound heal-
ing progresses with time, CD31
declines faster in the PRP group.
G,H A healed tendon in the PRP
group, while some CD31 ex-
pression still remained in the
control group

1 week °

2 weeks

3 weeks

~_Control

for quantifying tumour angiogenesis [11]). The technique
involves identifying the three most vascular areas (hot
spots) with the highest number of micro-vessel profiles by
scanning each section at low power (x20) and then
conducting computer analyses of these areas.

Immunohistochemistry

Immunohistochemistry was applied on 4 um thick
sections. After heating slides at 37°C overnight, slides

PRP
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Table 1 Immunoexpression of CD31

Week Control (vessels/mm?) PRP (vessels/mm?) p*

1 1150+23.89 1623+14.96 <0.0001
2 2086+22.9 5386+20.7 <0.0001
3 2089+54.87 440+17.65 <0.0001
4 187+12.29 13+£5.24 <0.0001

PRP platelet-rich plasma
*P<0.05 indicates a significant difference between the two groups

were deparaffinised in xylene and rehydrated through
graded alcohol solutions. Endogenous peroxidase activity
was blocked using 0.3% H202 in Tris-buffered saline for
30 minutes at room temperature. Antigen retrieval was
performed by heating the slides in 10 mM citrate buffer
(pH 6.0) at 750 W for 15 minutes (2 cycles, 5 min each)
in a microwave oven. After rinsing with Tris-buffered
saline, normal horse serum was applied for 30 minutes to
block nonspecific antibody binding. Subsequently, sec-
tions were incubated overnight at 4°C with the primary
antibody (anti-CD31, clone MO0823 Dako, Glostrup,
Denmark) in a dilution of 1:50.

A two-step technique was used (Envision, Dako,
Glostrup, Denmark). For the secondary antibody in this
method, anti-mouse enzyme-labelled dextran polymers
(DAKO, K4000) were allowed to react for 30 minutes at
room temperature. 3,3’-diaminobenzidine tetrahydrochlor-
ide was used as the chromogenic substrate, and finally the
slides were slightly counterstained with haematoxylin. A
positive internal control for immunostaining was used for
each section.

Statistical analysis

All results were expressed as mean + SD. Significant
differences among groups were evaluated using the Mann-
Whitney U test. A difference of P<0.05 was considered to be
statistically significant (SPSS 11.5.0,SPSS Inc., Chicago, IL,
USA).

Fig. 2 Longitudinal sections of
patellar tendon from the control
group (A) and the PRP group L
(B) at 3 weeks (eosindhematox-
ylin stain, x100 original magni-
fication). Fibroelastic tissue is
more prominent in the control
group, while in the PRP group
the wounded site is almost
healed, demonstrating better cell
orientation and tissue maturation

"--.\.a._&_
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Results
Histology—immunohistochemistry

Longitudinal sections from specimens were stained with
haematoxylin-eosin. In general, the study under light
microscopy revealed the formation of a highly vascularised
granulomatous tissue in the repair site. Its composition was
time dependent, and as it was becoming more mature, the
portion of the constituent elements changed. The immu-
noexpression of CD31 was investigated at the same time
points.

» First week: In both groups, histological examination
showed the formation of loose, non-orientated fibro-
vascular tissue which filled the gap, along with some
chronic inflammatory elements. The deep layer of the
tendon was continuous. High levels of CD31 expression
were detected in both groups. The number of vessels
was significantly higher in the PRP group (p<0.0001)
(Fig. 1A, B; Table 1).

* Second week: Fibroblast-like cells became more obvi-
ous in the defect site. There was inconsistent neo-
formation of blood vessels and rare presence of
collagen fibers and fibrosis. The neovascularisation, as
it is expressed by CD31 activity, was significantly
higher in the PRP group and it reached peak levels (p<
0.0001) (Fig. 1C, D; Table 1).

* Third week: The formed tissue remained more imma-
ture in the control group, i.e. its synthesis was less
compact and there was absence of tenocyte longitudinal
orientation. On the other hand, in the PRP group, the
tissue was more dense with less elastic fibers remaining
(Fig. 2). CD31 immunoreactivity reduced in both
groups and the vessel density was significantly lower
in the PRP group (p<0.0001) (Fig. 1E, F; Table 1).

* Fourth week: There was no clearly visible border
between the healed site and the proximal tendon in the
PRP group. In the control group, sparse cellularity was
still present. CD31 expression was almost absent in the
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PRP group, while demonstrating some activity in the
control group (p<0.0001) (Fig. 1G, H; Table 1).

Discussion

One of the early events of wound healing is angiogenesis,
in which neovascularisation prompts delivery of inflamma-
tory cells and fibroblasts to the wound site. An injury such
as a traumatic tendon rupture destroys the well-organised
peri- and intratendineous network of blood vessels [1].
Wounding and inflammation provoke the release of growth
factors and cytokines from platelets, polymorphonuclear
leukocytes, macrophages and other inflammatory cells [9].
These growth factors induce neovascularisation and che-
motaxis of fibroblasts and tenocytes and stimulate fibro-
blast and tenocyte proliferation and synthesis of collagen
[10, 20]. Considering that the healing process results from
the interaction of many factors, we have proposed the use
of autologous platelet-rich plasma to simultaneously in-
crease the concentration of several growth factors and
subsequently enhance tendon healing. For this purpose we
used a patellar tendon defect model in rabbits. The central
one-third portion of the patellar tendon is a common
substitute for ligament reconstruction of the knee.

In our study, the significant increase of vessel density in
the PRP group during the first two weeks of healing in
comparison with the controls suggests that PRP enhanced
the healing process. On the other hand, our results showed
that the angiogenesis decreased in the PRP group signifi-
cantly in the third and fourth weeks in comparison with the
controls. Thus, the decrease of vessel density in combina-
tion with the orientation of the fibroblasts indicates that
PRP also accelerates the whole healing process.

There are studies in the literature that demonstrate the
positive effect of PRP on tendon healing in vitro [4, 8] and
in vivo [5, 23]. Furthermore, Anitua et al. showed that the
injection of preclotted plasma within the Achilles tendon
could increase cellular density and promote neovascularisa-
tion [4]. These findings are in accordance with our results.

The only study that considers the effect of PRP on
patellar tendon healing is that of Kajikawa et al. [14]. The
authors postulated that a delay of time-dependent decrease
in circulation-derived cells could improve the healing
process of tendons. The results suggested that locally
injected PRP into the patellar tendon’s wounds is useful
as an activator of circulation-derived cells for enhancement
of the initial tendon healing process. The results of the
study showed that at seven days after injury the number of
vessels in the wounded area decreased. In contrast, in our
study the increased number of vessels during the first two
weeks was maintained and decreased at day 21. This

difference is difficult to explain. First, the patellar tendon
wound in the study of Kajikawa et al. was a partial
perpendicular laceration. It is possible that the repair
process is proportional to the extent of trauma. Second,
the effect of PRP may be dose-related. In the study of
Kajikawa et al., 20 ul of PRP were injected into the
wounded area, whereas in our study an amount of 0.5 ml of
PRP in a gel form was used in order to fill the patellar
defect.

The limitation of our study is that we have not examined
the mechanical properties of the healed tendon. A biome-
chanical evaluation is necessary to demonstrate the superi-
ority of the healed tendons and consequently to justify the
use of PRP in tendon healing. Certainly these results need
replication and further research in animal studies, especially
in the field of biomechanics. We believe that the high
concentration of growth factors in PRP and the benign
nature of PRP provide a significant potential for use in
human clinical studies.
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