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Impact of platelet-rich plasma injection timing on
healing of Achilles tendon injury in a rat model
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Objective: The aim of this study was to evaluate the impact of the timing of platelet-rich plasma
(PRP) application on the healing of Achilles tendon injury in a rat model.

Methods: Fifty-four female Sprague-Dawley rats were divided into 4 groups: PRP preparation group
(n=6); Achilles tendon tear and 150 pL of PRP received on the day following the injury (PRP day 0,
group 1, n=16); Achilles tendon tear and 150 pL of PRP received on the third day following injury
(day 3, group 2,n=16); Achilles tendon tear and 150 pL of saline received on the day following injury
(PRP day 0, group 3, n=16). Rats were sacrificed at 3 weeks. Consequently, biomechanical and histo-
logic analyses were performed.

Results: According to histological evaluation, inflammation, fibroblast density, epitenon thickness,
and collagen fiber were significantly higher in group 1 than in group 2 (p<0.05). Biomechanical test-
ing results of group 1 and group 2 were inferior to the control group, while the differences were not

significant (p>0.05).

Conclusion: Based on histological criteria, results of the present study suggest that immediate injec-
tion of PRP for tendon injury improves tendon healing in rats. Although the use of PRP is well rec-
ognized in orthopedic surgery, we aimed to highlight the importance of immediate application of PRP
for acute tendon injury.
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Tendon injury is a very common and restricting condi-
tion that results in impairment of quality of life. In most
circumstances, it can affect personal and professional ac-
tivities, 2!

Tendon tissue mainly consists of type I collagen fi-
bers, elastic fibers, tenocytes, and water. Histopatho-
logical evaluation demonstrates disorganized and weak-

ened collagen fibers, mucoid or lipoid degeneration, and
neo-angiogenesis at the initial phase of tendinosis and
throughout the healing process.>*

Several methods to increase autologous healing poten-
tial have comprised the use of growth factors to improve
cell proliferation, chemotaxis, and angiogenesis, as well as

to influence cell differentiation during tendon healing.>!
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Platelet-rich plasma (PRP) is obtained by centrifug-
ing whole blood, which, when completed, produces a
cellular constitute of platelet-enriched plasma. PRP in-
cludes numerous growth factors, including insulin-like
growth factors 1 and 2, transforming growth factor, vas-
cular endothelial growth factor, fibroblast growth factor,
and hepatocyte growth factor. These growth factors are
able to directly adhere to the exterior of the cell mem-
brane to activate healing. They stimulate cellular signal-
ing that provokes angiogenesis, cell proliferation, cell dif-
ferentiation, and matrix formation the healing process.[)

Although PRP is proposed as a material to facili-
tate tendon healing,®) the value of the application is not
clearly defined. The application of PRP is well defined
in various pathologies, especially in musculoskeletal in-
juries.!!) However, the impact of PRP application timing
following injury has not yet been evaluated.

The aim of this study was to evaluate the impact of
the application timing of PRP on the healing of Achilles
tendon injury, as demonstrated in a rat model.

Materials and methods

This study was approved by the University Ethical
Committee for Experimental Research on Animals and
supported by our Hospital Research Fund. Fifty-four
adult female Sprague-Dawley rats with a mean age of
12 months and mean weight of 293137 g were included
in this study. Rats were acclimatized to caged labora-
tory conditions and were allowed to feed on standard
diet and water according to ad libitum protocol. Room
temperature and humidity were maintained at 20-24 °C

and 50-60%, respectively. The light cycle was fixed at 12
hours.

All rats were randomly divided into 4 groups.

In the PRP preparation group (n=6), 6 rats were
used in order to prepare PRP.

In group 1 (n=16), right Achilles tendon tears were
surgically created, and the rats received a single injection
of 150 pL PRP on the day following the injury (PRP
day 0).

In group 2 (n=16), right Achilles tendon tears were
surgically created, and the rats received a single injection
of 150 pL PRP on the third day following the injury
(PRP day 3).

In group 3 (n=16), right Achilles tendon tears were
surgically created, and received single injection of 150 pL
of saline on the day following injury (sham group).

Rats were sacrificed at 3 weeks after surgery. Conse-
quently, biomechanical evaluation and histologic analyses
were performed. The study design is shown in Figure 1.

The rats were anesthetized with a combined intra-
peritoneal injection of ketamine (50 mg/kg) and xyla-
zine (5 mg/kg). Rats were shaved and aseptically pre-
pared. For surgical exposure of the Achilles tendon, a
1-cm longitudinal midline incision in the skin overly-
ing the tendon and central to the calcaneus insertion
was made. Full-thickness tendon cuts were performed
transversely 3 mm above the calcaneal insertion in each
rats’ right Achilles tendon (Figure 2). Free ends were
not sutured. The skin was closed with absorbable 3-0
Monocryl sutures (Ethicon, Cornelia, GA, USA).

Study group (n=48) PRP groups (n=6)
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Fig. 1. Study design.
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The rats were sacrificed with an intra-peritoneal in-
jection of 200 mg/kg thiopental at 3 weeks after surgery.
Each tendon was carefully dissected, and muscle was
removed at the musculotendinous junction, leaving the
tendinous part and calcaneus intact.

Six rats were sacrificed in order to produce PRP.
Three rats were sacrificed in each study day (day 0 and
day 3). Whole blood was drawn from rats via an intracar-
diac puncture after anesthesia. The blood was collected in
tubes containing citrate phosphate dextrose. The whole
blood was then centrifuged at 1800 rpm for 8 minutes.

All injections were performed within 1 hour of PRP
preparation. One hundred fifty pL of PRP solution was
drawn into an insulin syringe with a 27-gauge needle.
Fufa et al. showed that PRP can be activated by expo-
sure to collagen alone; for this reason, no additive was
used for activation prior to injection.l”’ The needle was
inserted through the skin into the tendon in the region
of the cut under sterile conditions. The same amount of
sterile saline injection instead of PRP was applied to the

sham group (group 3).

Platelet concentration of PRP was determined using
an automated cell counter. Aliquots from each section
preparation were examined for platelet cell count to con-
firm that the concentration was at least 3 times higher
than the whole blood values.

Tissue samples were fixed in 10% neutral buffered
formalin and dehydrated with alcohol. The fixed tis-
sue was managed, inserted in paraffin, and sectioned at
3 pm. Consequently, tissue sections were stained with
hematoxylin-eosin and Massons Trichrome according
to standard protocols for assessment of inflammation, fi-
broblast density, vascularity, epitenon thickness, collagen
fiber orientation, chondroid, and osseous metaplasia.

Fig. 2.  Full-thickness tendon cuts of the right Achilles tendon. [Color
figures can be viewed in the online issue, which is available at
www.aott.org.tr]

Inflammation, vascularity, fibroblast density, epi-
tenon thickness, and collagen fiber orientation were
graded according to a 4-point grading system suggested
by Movin et al.") Each histological variable is scored be-
tween 0 and 3, with 0 being normal, 1 slightly abnormal
(mild), 2 abnormal (moderate), and 3 markedly abnor-
mal (severe). The presence or absence of chondroid and
osseous metaplasia was noted.

For each specimen, 2 slides were prepared. Slides
were examined by the same pathologist under light mi-
croscope (Olympus BX50, Olympus Corporation, To-
kyo, Japan) and were read blindly.

Specimens were kept at -20 °C until analysis. Achil-
les tendons’ tensile strength was analyzed using MTS
testing machine (MTS Acumen 3000, MTS Systems
Corporation, Eden Prairie, MN, USA). Throughout the
assessment, room temperature and humidity were con-
trolled at 20+1 °C and 40%, respectively. The fresh fro-
zen specimens were thawed at room temperature. The
proximal and distal ends of the Achilles tendon were
fixed between 2 pieces of sandpaper and clamped verti-
cally in a custom-made clamp. The system was loaded
to 250 N, with a displacement rate of 5 mm/min. The
ultimate loads (load at failure) were determined.

Data were evaluated using SPSS software (version
17.0, SPSS Inc., Chicago, IL, USA). A power analysis
using pilot data was performed before beginning the
study. This analysis was performed with 95% confidence
interval and power of 80% (8 rats were used in each
group).

Descriptive statistics were calculated, including fre-
quency, mean and standard deviation, and minimum and
maximum values. Chi-square test was used to ascertain
the association among groups in terms of histological
category. Kruskal-Wallis test was applied for biome-
chanical analysis. Significance level was set at 0.05.

Results

The tendons were observed to be intact with thickness
gross appearance in all rats. No macroscopic difference
was noted. Division of the histological grades of the
groups is presented in Table 1. Mean histologic sum
grades are given in Table 2.

Within each category, chi-square test demonstrated
the association between the groups. According to statis-
tical evaluation, inflammation, vascularity, and epitenon
thickness were different among group 1, group 2, and
group 3 (p<0.05). However, fibroblast density, collagen
fiber orientation, chondroid, and osseous metaplasia
were not different among the groups (p>0.05).
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Table 1.  Distribution of histological grades of the groups.

Histological parameter
(Group 1; n=8)

PRP-received group-Day 0

PRP-received group-Day 3
(Group 2; n=8)

Sham group
(Group 2; n=8)

Inflammation grade*

0 - 3 -
1 4 5 7
2 3 - 1
3 1 - -
Vascularity grade*
0 — — —
1 - 8 6
2 8 - 2
3 — — —
Fibroblast density grade*
0 - 2 -
1 3 4 1
2 3 2 6
3 2 - 1
Epitenon thickness grade*
0 - 3 -
1 3 5 7
2 5 - 1
3 — — —
Collagen fiber orientation grade*
0 — — —
1 4 8 5
2 4 - 3
3 — — —
Chondroid metaplasia* - - 2
Osseous metaplasia* - 2 2
*Values are given in numbers.
Table 2.  Summary of mean histological sum grades of the groups.
Histological parameter PRP-received group-Day 0 PRP-received group-Day 3 Sham group p
(Group 1; n=8) (Group 2; n=8) (Group 2; n=8)
Inflammation* 1.6+0.7 0.6+0.5 1.1+£0.4 <0.05
Vascularity* 2.00.0 1.0+0.0 1.3+0.3 <0.05
Fibroblast density* 1.9+0.8 1.0+0.8 2.0+0.5 >0.05
Epitenon thickness* 1.6+0.5 0.6+0.5 1.1+£0.4 <0.05
Collagen fiber* 1.5+0.5 1.0+0.0 1.4+0.5 >0.05
Total tendon histologic grade* 8.6+0.2 4.0+0.2 7.0+£0.3

*Values are given as mean gradesstandard deviation.

Inflammation, vascularity, fibroblast density, epiten-
on thickness, and collagen fiber orientation were found
to be different in the comparison of group 1 and group 2
(p<0.05). The measurements of these parameters were
higher in group 1 than in group 2.

Only vascularity was higher in group 1 (Figure 3) than
in group 3 (p<0.05). There were no differences in the
other parameters between group 1 and group 3 (p>0.05).

All histological results were higher in group 3 than in
group 2. Fibroblast density was higher in group 3 than in
group 2 (p<0.05). There were no differences in the other
parameters between group 3 and group 2 (p>0.05).

All specimens were evaluated successfully through-
out biomechanical testing. Tendon failure was observed
in the mid-zone of the tendon in all groups (Figure 4).

Biomechanical testing results of group 1 and group 2
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Table 3.  Results of biomechanical evaluation of the groups.

Biomechanical evaluation
(Group 1; n=8)

PRP-received group-Day 0

PRP-received group-Day 3
(Group 2; n=8)

Sham group
(Group 2; n=8)

Load to failure (in newtons)* 53.6+4.0 (49-60)

55.1+4.9 (48-63) 62.9+£9.5 (50-78)

*Ultimate load+standard deviation (minimum-maximum).

were inferior to the control group. According to Kruskal-
Wallis test, significant difference was not found among
the groups (p>0.05). Biomechanical evaluation results
are reviewed in Table 3.

Discussion

This study demonstrated that immediate injection of
PRP in a ruptured tendon provided faster healing when
compared with the delayed injection and control groups.
There was no macroscopic difference among the groups.
Microscopic evaluation of the immediate PRP-injected
group revealed more inflammatory cell migration, more
vascularity, higher fibroblast density, thicker epitenon,
and more collagen fibers compared with late-stage PRP-
treated group. Even these extracellular matrix elements,,
which ensure the healing process in the site of the lesion,
demonstrate superior results to the untreated control
group than the late-stage PRP-treated group. We em-
phasize the superior outcome of PRP application in the
acute phase in an injured tendon.

In a study by Parafioriti et al. performing PRP injec-
tion and evaluating the results by immunostaining and
real time PCR, it was demonstrated that PRP improved
tendon remodeling in the first week after surgery in rat
Achilles tendon. However, after the second, fourth, and

Fig. 3. Microscopic view of group 1. Disorganized collagen fiber ori-
entation (yellow arrows) with increased number of capillaries
(blue arrows) is seen (Masson's Trichrome x 20). [Color figures
can be viewed in the online issue, which is available at www.
aott.org.tr]

sixth postoperative weeks, tendons in the PRP-treated
group had no difference when compared with the con-
trol group.® Lyras et al. concluded that PRP enhances
and accelerates via overexpression of IGF-1 in the early
phase of the tendon healing process."" Application of
PRP at an early stage of the tendon disease was consid-
ered to be effective.

Although the literature is lacking in clinical prospec-
tive randomized studies investigating the usefulness of
PRP management modality, Dallaudiére et al. suggest
that intratendinous injection of PRP improves tendon
healing in rats according to clinical, ultrasound imag-
ing, and histological data.”! Sinchez et al. claimed that
surgically repaired Achilles tendon tears treated with the
application of platelet-rich fibrin matrix may present en-
hanced healing of the tendons and functional recovery

Fig. 4. Biomechanical analysis of the Achilles tendon; tendon visibly
ruptured at the mid-zone. [Color figures can be viewed in the
online issue, which is available at www.aott.org.tr]
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in athletes."? On the contrary, De Carli et al. suggested
that PRP for the surgical treatment of Achilles tendon
rupture does not provide better clinical and functional
outcomes.® Schepull et al. suggested that PRP is not
useful for the treatment of acute human Achilles tendon
ruptures regarding mechanical properties and functional
outcomes.['

Researchers presented that PRP could provoke fi-
broblast proliferation and lead to an increase in their
number. Fibroblasts migrate to the injured region and
ensure the secretion of collagen type III, which is further
replaced by collagen type L.'>*¢ In the present study, bet-
ter collagen organization and fibroblast density was ob-
served in the early-phase PRP-injected group than late-
phase PRP-injected group. However, our tensile data on
tendons showed that PRP injection did not significantly
enhance the tensile strength of the Achilles tendons at
3 weeks postoperatively. Solchaga et al. claimed that
PRP did not improve the mechanical properties in a rat
Achilles tendon,!"” whereas Kaux et al. suggested that
ultimate Achilles tendon strength is significantly higher
in PRP-treated groups. These results were attributed to
higher expression of type I collagen.'¥ Similarly, other
researchers presented that PRP injection caused an en-
hancement of the mechanical properties.!'*-?

It is well known that the low healing capability of
tendons is accompanied with the decline of the blood
supply. Tendon healing requires vascularity, a process
that is provided by growth factors® which can be trans-
ferred via PRP. Anitua et al. suggested that injection of
pre-clotted plasma within sheep Achilles tendon could
increase the cellularity and promote neovascularization.
(24 de Mos et al. showed that platelet-rich clots enhanced
the cell number in human tenocyte cultures.” Lyras et
al. reported remarkable increase in angiogenesis when
the rats received PRP in the early phase of tendon heal-
ing. Furthermore, they suggested that PRP may shorten
the duration of healing processes.*” These results dem-
onstrate that vascularity is significantly better organized
in the immediately PRP-injected group than in the con-
trol and late PRP-injected groups. The results of the
present study showed immediate injection of PRP after
tendon injury could provide better neo-vascularization.
Delos et al. concluded no functional or histological dif-
ferences between immediate and delayed application of
PRP in muscle healing.?®

PRP has a high intensity of white blood cells. As the
precise function of leukocytes in PRP is not clear, there
is little knowledge if an increased level can lead to in-
creased inflammatory cytokine production. Thus, this
process may be more of a catabolic rather than anabolic

effect,?” which can be more clearly seen in chronic ten-
don injuries. Our histological data in the control group
showed better scores than the delayed injection group.
This result may be attributed to the white blood cells,
though further experimental analyses are needed to eval-
uate the effects of white blood cells in PRP.

There are some limitations of the present study. Eval-
uations were performed only in the third week following
the injury, and immunohistochemical analysis and elec-
tron microscopic evaluation were not performed. Addi-

tionally, only a single dose of PRP was applied.

In conclusion, based on histological results, the pres-
ent study demonstrated that the injection of PRP in the
early phase of tendon injury improves tendon healing in
rats. Although the use of PRP is well recognized in or-
thopedic surgery, we aimed to highlight the importance
of immediate application of PRP for acute tendon injury.
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