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Abstract

Objective- The aim of this study was to investigate the PRP effects on the early time-period during tendon healing in rabbits DDF
tendon.

Design-Experimental study

Animals- Twenty male New Zealand white rabbits

Procedure-PRP samples were prepared using twice centrifugation method of modification of the Cuarsan technique. Animals were
randomly assigned into two equal treatment and control groups. The injury model was unilateral complete transection through the
middle one third of deep digital flexor tendon. Immediately after primary repair, either 0.5 mL PRP or placebo was injected
intratendiously into the suture site in the treatment and control groups, respectively. Operated limbs were immobilized for two
weeks. Animals were sacrificed at the third week and the tendons underwent histopathological (H&E and MT staining) and
biomechanical evaluation.

Results- The histopathological (H&E) observation showed significant increase in percentage of fibrillar linearity, fibrillar
continuity, number of capillaries in epitenon and epitenon thickness in PRP treated group compared to the control group (P<0.05).
Results from MT staining revealed more collagen deposition, in treatment group in comparison with the control. Results of
mechanical testing revealed the significant improvement of force at failure and energy absorption capacity of repair in the PRP
group in comparison with the control (P<0.05).

Conclusion and clinical relevance-The findings of the present study suggested that PRP was a simple, safe, quick and cost
effective way to obtain a natural concentration of autologous growth factors which reduced the risk of rupture after tendon primary
repair and improved functional outcomes.
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Introduction in approximately 8-12 weeks, the structural and
Tendon injuries are among the most prevalent mechanical properties of the healed tendon are less
musculoskeletal conditions." Surgical repair of the satisfactory than the normal tendon, and there is high
ruptured tendon is essential, however, the repair is probability of the occurrence of the lesion.”* Tendon
inefficient. The limitation factors of the successful repair is a complicated process which  starts,
resolution of tendon lesions include: tendon heals slowly continues and ends by the means of various

mediators.**
The growth factors are among the most significant
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number with time.®’ Reportedly, a delay of time-
dependent decrease in blood derived products, can
improve tendon healing.® Exogenous growth factors
therapy is regarded to be a means of enhancing cellular
response to injury within the tendon, and ultimately the
quality of the repair.® Blood platelet released cocktail of
growth factors such as the platelet-derived growth
factor, transforming growth factor, fibroblastic growth
factor, vascular endothelial growth factor, insulin-like
growth factor, and epidermal growth factor when
activated. RPR is an autologous concentration of
platelets in a small volume of plasma.’®'* Clinically,
there is a great demand to improve and accelerate the
early time-period during tendon healing, as the re-
rupture of repaired tendons occurs during the early
healing stages. Therefore, we aimed to determine
whether a local injection of PRP could improve the early
stage healing of the tendon in rabbits DDF tendon cut
model.

Materials and methods
Animals

Twenty adult male New Zealand White rabbits,
weighing 2.2-2.5 kg were used in this study. Rabbits
were adapted to handling in the period prior to surgery.
The animals were kept in temperature of 22+3 °C,
humidity (60 + 5%) and a 12h light/dark cycle. The
procedures were performed based on the guidelines of
the Ethics Committee of the International Association
for the Study of pain.* The University Research Council
approved all of the experiments. The animals were
randomly divided into two equal groups with ten rabbits
in each group.

PRP preparation

PRP samples were prepared using a modification of the
Curasan technique.” The 6 ml autologous blood drawn
from each rabbit was combined with 0.5 ml of
anticoagulant citrate dextrose phosphate (ACD-A) to
prevent coagulation. The blood was centrifuged at 1,200
rpm (160g) for 20 minutes to separate the plasma
containing the platelets from the red cells. The plasma
was drawn off the top, centrifuged for an additional 15
minutes at 2,000 rpm (400g) to separate the platelets.
The platelet poor plasma was separated from the PRP
along with the buffy coat. Platelet count was performed
on each sample, including a peripheral blood count and
PRP count.

Surgical procedure

All rabbits were anesthetized with 35 mg/kg, 1M,
Ketamine 5% (Alphasan, Woerden, Holand), 5 mg/kg,
IM, Xylazine 2% (Alphasan, Woerden, Holand) and 1

mg/kg, IM, Acepromazine 2% (Hoogostraten,
Belgium). A longitudinal skin incision was
aseptically made exactly over the digital flexor
(DDF) tendon. A complete horizontal incision cut
was made through the midsubstance of the DDF
tendon. This incision was instantly repaired with a
locking-loop pattern. Immediately after the primary
repair, 0.5 mL PRP and placebo was injected
intratendinously, into the suture site in the treatment
and control group, respectively. Skin closure was
done in a routine manner. The limbs which
underwent surgery were immaobilized for two weeks.
Three weeks after the operation all of the animals
were sacrificed with thiopental sodium overdose (50
mg kg™, IV, Sandoz, Austria) and tendon samples
were harvested for histopathological (H&E and
Masson's Trichrome staining) and biomechanical
evaluations. For biomechanical studies, the DDF
tendon samples from both limbs were harvested,
wrapped in PBS soaked gauze and immediately
stored at -20 °C.

Histomorphometric analysis

Paraffin-embedded longitudinal  sections were
stained with hematoxylin and eosin (H&E) and
Masson's Trichrome and were evaluated under a
light microscope based on the following criteria:
fibrillar  linearity, fibrillar  continuity, and
angiogenesis in neotendon and epitenon, and
epitenon thickness. The healed areas involving the
longitudinally  aligned collagen fibers  were
histologically evaluated. In this regard, the total area
of neotendon between the severed ends of tendons
was measured at 40x magnification and the area
consisting the longitudinal pattern of collagen fibers
was calculated. The ratio of the values was defined
as the percentage of fibrillary linearity for each
tendon. The width of the broadest part of neotendon
involving the fibers in the direction of those in the
original tendon was assessed at 40x magnification in
both tendon-neotendon junctions and the ratio of
their mean to the mean width of junctions was
determined as the percentage of fibrillary continuity
for each specimen. To investigate the number of
angiogenesis within the neotendon and newly
established epitenon, the quantity of blood
capillaries was determined at 100x magnification.
For this assessment, five randomly chosen files were
examined per each tendon sample. The number of
capillaries was averaged and reported for each
specimen. The epitenon thickness was measured at
100x magnification in three randomly selected
points of epitenon on both sides of neotendon and
the records were averaged for each specimen.*
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Biomechanical analysis

Ten tendons (five operated and five non-operated from
the contralateral limb) from every one of the groups
were submitted to the mechanical test of traction. The
tendon from the non-operated leg was taken for
comparison. Prior to mechanical testing, tendons were
permitted to thaw while they were made wet in PBS
immersed for 2 hours at room temperature. All tendons
from the studied groups were submitted to the
mechanical test of traction using the testing machine
(Series Z010; Zwick GmbH & Co. KG, Ulm, Germany).
In order to prevent tendon slippage during tensile
testing, 360 grit sandpaper was attached to the end of
each specimen for better clamping. The upper clamp was
attached to a 500 N load cell and its displacement was
controlled with a computer. The dynamic testing took
place under axial tension with a constant speed of 50
mm/minute.” The mechanical testing involved a single-
cycle-to-failure. The power and elongation of the tendon
were repeatedly measured until tendon lost its force. The
manner of failure was optically perceived and recorded.
For every tendon the force-elongation curve was formed
and the following mechanical parameters were gained:
force at failure (N), energy absorption capacity (N.mm)
and stiffness (N.mm™).The data were calculated as a
percentage of values of healing tendon as non-operated
contralateral in comparison with the limb to the same
animal rather than using absolute testing values, in order
to minimize the biological variation of tensile stress
among individuals.*® The force at failure was determined
as the utmost strength assessed in the tendon during the
failure test. The values of energy absorption were
evaluated by the measurement of the area under the
force at maximum slope in the linear part of the force-
elongation curve. Stiffness was established as the
maximum slope in the linear part of the force-elongation
curve.r’

Statistical analysis

Statistical analysis was performed using Student's t-test,
employing Graph Pad Prism, version 5.05 (Graph Pad
software, San Diego, CA, USA). Experimental results
were expressed as mean = SD. The differences were
regarded to be significant when p < 0.05.

Results
Platelet counts

Platelet counts confirmed that the preparation technique
used in this study created a source of extremely
concerted platelets with the collection efficiency of
35/13% (4.08). The average (standard deviation)

peripheral blood platelet count and average PRP
platelet were 273811(43199)/mm® and 1118006
(131695)/mm?, respectively (Fig. 1).

Clinical results

None of the rabbits died during the study period.
There were no evidence of the presence of the
clinical complications such as local infection and
wound dehiscence. In addition, there was no
adhesion formation between the tendons and their
surrounding tissue in the PRP group. However,
noticeable adhesion was seen in the control group.

Histopathologic results

The histomorphometric results of this study are
presented in Table 1. PRP treated tendons showed
superior healing process than the controls.
Furthermore, the matrix appeared more organized
and aligned with the extended axis of the tendon
(fibrillar linearity) (P = 0.027). In addition, PRP
treated group revealed a higher rate of fibrillar
continuity at the repaired site in comparison with the
control group (P = 0.0005) (Fig. 2A vs. 2B).
However, the control specimens exhibited
remarkable disorganized matrix showing disruption
of the normal linear direction of collagen bundles
and characterized by displaying fibril in an irregular
pattern in comparison with the treatment group. The
gradual increase in cellularity was seen in PRP
treated group. The orientations of nuclei indicated
that, in these areas, the cells in PRP group were
arranged in line with the long axis of the tendon and
that was not seen in the control group (Fig. 2C
vs.2D). PRP treated group showed greater
neovascularization of neotendon than the control
group, however, this difference did not reach
statistical significance (P = 0.066). Epitenon
thickness and its neovascularization were also
significantly increased in treatment group (P = 0.013
and P = 0.002), respectively. Finally, more collagen
deposition was observed in the PRP treated group in
comparison with the control group according to the
Masson's trichrome stain tendons sections. The
significant difference in collagen deposition was
demonstrated in Fig. 3A, B.

Mechanical analysis

PRP treated group showed an increase in force at
failure (P = 0.005) and energy absorption (P =
0.031) as compared to controls. PRP treated group
showed greater stiffness than the control group,
however, this difference did not reach statistical
significance (P = 0.055).
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Figure 1. The box plot shows the change in platelet count in the
process of PRP preparation

Figure 2. Photomicrographs demonstrating the differences in the
histological appearances between the groups. Parallel orientation of
collagen fibers in treatments indicating superior remodeling of
neotendon (A) compared to controls (B). There was increased
cellularity which changes in cell morphology. Arrows show the cells,
in PRP group arranged in line with the long axis of the tendon, well
oriented collagen clearly was seen. (C) Such a well-organized structure
was not seen in control group (D) (H&E, 100x%).

Discussion

Circulation-derived mediators such as growth factors
have a key role in the healing processes of tissues. ° In
the initial stage of tendon healing process, growth
factors are temporarily elevated in the injured area to
initiate the healing process and decrease in number with
time. Reportedly, a delay of time-dependent decrease in
blood derived products, could improve tendon healing.
"8 Therefore, PRP therapy provides possibility of access
to an autologous source of growth factors to optimize
tendon healing. PRP contains a higher concentration of
platelet levels in the whole blood. About 4-5 times more
than the baseline concentration was enough to improve
tissue healing. ' *'** A platelet concentration of

Figure 3. Representative figures for mature collagen synthesis
from control group (A) and PRP group (B). Masson’s Trichrom
stain. Original Magnification x100. Blue staining resembles
mature collagen. (B) demonstrates a generally well-structured
tendon. (A) shows weaker blue staining than (B) indicating less
collagen deposition.

obtained PRP in this study was about 4.08 times
higher than the baseline concentration when
compared to the whole blood. Not all PRP were the
same. PRP that has not been activated may be the
appropriate form. Activation of PRP by the thrombin
and or calcium before application, however, results
in the rapid discharge of growth factors, which may
not be ideal. The collagen within musculoskeletal
tissues like tendons may activate the platelet slowly,
resulting in a sustained release of growth factors.**%°
Therefore, in this study we used the non-activated
form of PRP. The results of the present study
showed that the injection of PRP to the site of
tendon rupture could improve structural and
histological properties of rabbits DDF tendon. This
effect was probably due to the growth factors that
are released from the platelet. Mature tendons were
poorly vascularized.” Kakar et al. reported that the
early stages of healing were characterized by a
marked increase in vascularity, in  which
neovascularization provides the delivery of the
inflammatory mediators to the wound site.?
Wounding promotes the release of the growth factors
and cytokines from platelet, macrophages, and other
inflammatory mediators. These growth factors
prompt the chemotaxis and neovascularization of the
fibroblasts and tenocytes. The injection of PRP into
the mouse leg ischemia model intensifies the
angiogenesis and blood reperfusion of ischemic
tissues in comparison with the control group.? The
neovascularization was greater in the PRP treated
group in comparison with the control group,
however, this increase was not significant between
the groups. The angiogenic effect of PRP is ascribed
to the presence of vascular endothelial growth factor
and fibroblast growth factor which are crucial for
stimulating angiogenesis to bring nutrients and
progenitor cells to the injury site.”* % Both intrinsic
and extrinsic mechanisms are likely to play a key
role in the healing process in tendon.
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Table 1. Results of hostomorhometric analysis (mean +SD) of repairs
three weeks after surgery.

Treatment | Conrtol
Groups 3W. 3W.
Fibrillar Linearity . 4.09%+35,
%) 5.26%+53.2 2
Fibrillar . 3.82°+27.4
Contineutity(%) 2.65+534 0
No. Of Capillaries 2 6429.4 6.7423
In Neotendon
No. Of Capillaries | g 1,565 | 3161380
In Epitenon
Epitenon a b
Thickness 2.24%21.6 | 1.77°+8.8

®yv/alues with different symbol in each column are significantly different
(p<0.05).

The intrinsic mechanism involves proliferation of
tenocytes from the epitenon and endotenon. These
tenocytes help to synthetize the new extracellular matrix.
Such innate healing causes less restrictive formation of
the adhesions and enhances the biomechanics of
neotendon. On the other hand, the extrinsic mechanism
includes the movement of inflammatory cells and
fibroblasts from the sheath and synovium into the lesion
site to engender scar tissue and causes less satisfactory
biomechanics and adhesion formation which prevents
tendon gliding. Neovascularization and proliferation of
fibroblasts in the synovial layer of epitenon and wound
site lead to an increase in the epitenon thickness and
accelerate the healing of tendon. That is one mechanism
which improves the intrinsic healing activity of the
tendon.”® ?" In this study, in addition to the increased
neovascularization in neotendon, the higher rate of
angiogenesis within epitenon and also the increase of
epitenon thickness was seen in the PRP treated group,
which could suggest the positive effects of PRP in the
improvement of the intrinsic healing capacity of
ruptured tendon. During tendon repair, the defect site
isreplaced with new tendinous tissue, composed mainly
of collagen fibers. This form of neotendon consists of
randomly oriented and less organized collagen fibers.
With time, collagen fibers are organized in parallel
arrays along the line of stress, which take around six
weeks, in normal conditions.?®?® whereas in the present
study PRP injection accelerated the occurrence of this
event in the treatment group compared to the control
group, as was demonstrated by the significant increase in
fibrillar linearity. The goal of tendon repair is the tendon
continuity and function, as well as, the intrinsic
mechanism which is responsible for the

reorganization of the collagen fibers and the
maintenance of fibrillar continuity.?® In the present
study, PRP application clearly resulted in an increase
in fibrillar continuity in the treatment group.
Reportedly, platelet-derived growth factor (PDGF)
and transforming growth factor (TGF) increase
collagen production by tendons.*® Thus, these
growth factors in PRP could increase the synthesis of
collagen fibers as was found by more collagen
deposition in the Masson’s Trichrome staining in
PRP treated group in comparison with the control
group in this study.® The goal of tendon healing is
to produce an anastomosis of great tensile strength.*
Studies have shown that the epitenon is the most
proliferative structure in the tendon repair process
and plays a crucial role in the healing process via
extracellular matrix production, including type |
collagen in the repair site.®?’ PRP promotes
proliferation and activity of epitenon cells that lead
to improved collagen synthesis and fiber orientation,
results in increased tendon mechanical properties®,
which we found in the present study. Application of
PRP in rats Achilles tendons improved not only
collagen production in healed tendons, but also their
tensile strength. ** Hence, the re-rupture of a repaired
tendon which commonly occurs early in the repair
process as a rapid increase in mechanical strength is
important  clinically.®*  The present study
demonstrated a significant increase in force at failure
and energy absorption of PRP treated tendons. These
data were in agreement with the results of other
studies. * 3" % The increased tensile strength could
result from the improvement in production and
remodeling of collagen fibers in the treatment
group.?®* In the present study collagen synthesis
increased, however, the major limitation of this
study was the lack of collagen type expression data
to support our biomechanical results. A stronger
tendon exhibits a higher energy storing to eliminate
any damages. If this capacity is not enough, the
needs in energy absorption and release may rapidly
exceed the tendon capacity and may cause an
increased danger of lesion. Accordingly, one of the
main points in the treatment of tendon lesions is
intensifying the energy absorption capacity of the
repaired tendon.>***" This study showed that PRP
therapy caused a significant increase in the energy
absorption capacity in the treatment group in
comparison with the control group. The present
study did not demonstrate any difference in the
tendon stiffness among the groups. Collagen cross-
links is a key factor in tendon stiffness. An increase
in collagen cross-linking causes an increase in

44



JVS 2017; 12(1); Serial No:26

tendon stiffness. Reportedly, the maturation stage of
tendon repair occurs after approximately 10 weeks,
which includes an increase in collagen fiber crosslinking
and the formation of more mature and stiffer tendon.***
Accordingly, in the present study, collagen fibers in
repaired tendons did not reach the time for appropriate
cross-linking at the time of sampling. This result is in
line with the other studies *. The better structural and
mechanical parameters at three weeks in the treatment
group suggested that PRP improved the rate of intrinsic
mechanism of tendon healing. On the other hand,
intratendinous injection of PRP caused the acceleration
of early tendon healing process in the DDF tendon
rupture. The results of this study showed that PRP was a
simple, safe, quick and cost effective way to obtain a
natural concentration of autologous growth factors
which decreased the risk of rupture after the primary
tenorrhaphy and enhance functional outcomes.
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