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INF O ABSTRACT

Objective: The aim of this study was to compare the effects of local administrations of platelet-rich plasma (PRP) with autolo-
gous conditioned serum (ACS) on Achilles tendon healing in a rat model.

Methods: In this study, 40 male Sprague-Dawley rats, aged 12 months and weighing 350 to 400 g were used. The rats were divid-
ed into three groups (n=10 in each group): a control group and two treatment groups (PRP vs ACS). A standardized procedure
was applied for the complete rupture and repair of the Achilles tendon in each group. The PRP group received one dose of PRP
on the operative area, and ACS group received ACS at 24, 48, and 72 hours after the surgery. The control group received no
injection. Animals were sacrificed 30 days after the operation, and tendon healing in each group was assessed histopatholog-
ically based on Bonar’s semi-quantitative score and Movins semi-quantitative grading scale. For the biomechanical analyses,
unoperated Achilles tendons of all rats in the control and ACS groups were also harvested, and pulling tests were applied to
the specimen to measure the longitudinal axis strength. The highest force value among the data obtained was defined as the
maximum strength value (Fmax).

Results: The mean Bonar’s score was significantly lower in the PRP group (3.8+0.8) than in the ACS (4.8+0.45) and control
groups (5.240.837) (p=0.0028). The mean Movin’s score was significantly lower in the PRP group (7.80+1.49) than in the ACS
(9.8+1) and control groups (11.2+2.4) (p=0.029). The ratio of type I collagen was significantly higher in the PRP group (60+6)
than in the ACS (52+4.5) and control groups (42+9) (p=0.005). Biomechanical results obtained from operated sites were com-
parable in terms of Fmax among groups (PRP, 33.93+2.61; ACS, 35.24+3.26; control, 35.69+3.62) (p=0.674). Similarly, the re-
sults obtained from unoperated sites were comparable among groups (PRP, 47.71+1.21; ACS, 48.14+2; control, 49.14.69+1.88)
(p=0.395).

Conclusion: In terms of histopathological results, PRP seems to be more effective than ACS for Achilles tendon healing in rats.
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Achilles tendon is the thickest and the strongest
tendon of the human body; however, its rupture
is the most common (1). Degeneration or insuf-
ficient perfusion of the tendon, usage of fluoci-
nolone or steroids, and history of contralateral
Achilles tendon rupture are the risk factors for
primary acute Achilles tendon rupture (2). Its
prevalence is 18/100,000 and is most common
in males aged between 30 and 50 years and
during recreational sports (3). Conservative
and surgical treatment methods are available;
recent studies usually recommend surgical pro-
cedures (4). Regardless of advancements and
novel techniques of the treatments, recovery
time is long and re-rupture rates are high (5).

Considering the aforementioned problems, ad-
ditive approaches like utilization of biological
agents comprising growth factors are becom-
ing more prevalent. Growth factors enhance
the tendon healing with their crucial role in
angiogenesis, cellular proliferation, extracellu-
lar matrix production, remodeling, and matu-
ration (6, 7). Numerous experimental studies
have shown that these approaches comprising
growth factor utilization accelerate autologous
recovery capacity (6, 8).

In the recent years, platelet-rich plasma (PRP) has
frequently been used in the treatment of orthope-
dic injuries (8, 9). PRP is derived from blood via
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specific procedures. It comprises increased amounts of throm-
bocytes and growth factors such as vascular endothelial growth
factor (VEGF), fibroblast growth factor (FGF), insulin-like
growth factor 1 and 2 (IGF-1, IGF-2), and hepatocyte growth
factor (HGF) (7, 10). It has been shown that as a result of high
concentration of growth factors in it, administration of PRP on
the injury area enhances postoperative recovery and function-

ality (10).

Autologous conditioned serum (ACS) is a biological basis
treatment agent developed by Wehling et al. during the mid-
1990s. It is used locally in musculoskeletal diseases. Specif-
ic procedures conducted on whole blood yield macrophage
and monocyte-based production of IL-1 receptor antagonist
(IL-1Ra) and other anti-inflammatory cytokines (11). IL-
1Ra is the natural inhibitor of IL-1, which is active during
inflammation (11). ACS also comprises a high concentration
of IGF-1, HGF, and FGF (12). ACS has been shown to be
effective on diseases, the pathogenesis of which relies on in-
flammation (6, 13, 14).

We aimed to compare the histopathological and biomechani-
cal outcomes of local administration of ACS and PRP on day
30 after Achilles tendon rupture surgery. To our knowledge,
this is the first study comparing ACS and PRP. We hypothe-
size that both ACS and PRP would lead to better outcomes
than the control group. It is not possible to anticipate the su-
periority of ACS or PRP according to the current literature.

Materials and Methods

Local ethics committee approval was obtained before the study
on 11/30/2015 (2015-46). Forty 12-month-old adult male
Sprague-Dawley rats with a mean body weight of 350-450 g,
including 10 rats as PRP and ACS donors, were used in the
study. The animals were kept five rats to a cage at a temperature
of 22°C under a 12 hr:12 hr light-dark cycle. They were fed ad
libitum with standard rat feed and had free access to water.

Thirty rats were divided into three groups with group 1 as the
PRP group (n=10), group 2 as the ACS group (n=10), and
group 3 as the control group (n=10). Prophylactic gentamy-
cin (8 mg/kg) was administered to the rats 30 min before the
surgical procedure. The surgery was initiated with adminis-
tration of inhaled anesthesia, which started with 4% isoflu-

HIGHLIGHTS

Application of PRP following Achilles tendon repair surgery is
efficient in rat model.

Application of ACS is superior to control condition, however,
ACS is not as efficient as PRP.

PRP is a promising adjuvant treatment option with its efficien-
cy and easy technique after Achilles tendon repair surgery.
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rane (Forane) as an induction dose and continued with 2%
as a maintenance dose. The posterior side of the right cruris
was shaved, iodine was applied under aseptic surgical condi-
tions, and the area was covered using a sterile green cover; a
standard posterior longitudinal incision of 2 cm was applied,
and the Achilles tendon was revealed. A complete transverse
incision was performed using a no. 11 scalpel (Plusmed, Is-
tanbul, Turkey) at 4-5 mm on the proximal side of the Achil-
les tendon-calcaneus junction. The end of the Achilles tendon
was non-traumatically resutured using the modified Kessler
method with PDO I14/0 (BOZ, Ankara, Turkey). The incision
site was sutured with four 3/0 propylene (Dogsan, Istanbul,
Turkey) sutures placed at equal distances under sterile condi-
tions, and dressing was applied with povidone iodine (Batti-
con R, Adeka, Istanbul, Turkey). No immobilization method
was applied to the rats during the postoperative period.

Preparation of ACS

The five rats included in the donor group were decapitated
after the collection of 5-6 cc of blood under anesthesia. The
blood samples collected from the donor group were trans-
ferred into special Orthokine (Orthogen AG, Diisseldorf,
Germany) injectors containing glass spheres, with a surface
area of 21 mm?, under a temperature of 37°C. The samples
were centrifuged using a centrifugation device (Megafuge,
Kendro, Langenselbold, Germany) at a rate of 3,500 revolu-
tion/min (rpm) for 10 min. Following this, the concentrated
serum was collected in 0.2-mL quantities and kept at —20°C.
The samples were melted and brought up to room tempera-
ture before injection, and they were injected into the surgery
area of the Achilles tendon at 170 uL using a 1-mL insulin
injector at 24, 48, and 72 hours after the operation. This dose
was calculated according to a previous study based on the
rats’ body weight (6). Each injection was applied to sutures
2and 3.

Preparation of PRP

On an average, 5 cc of intracardiac blood was taken from the
five rats in the donor group under high dose anesthesia, and
then they were decapitated. The blood was taken by injec-
tors with 3.8% sodium citrate, diluted to 1/10. Using a Smith
and Nephew Prosys PRS (PRP) biokit (Prodizen, Inc., Seoul,
South Korea) and table-type VS-5000i2 centrifuge device,
one cc of PRP was obtained after being centrifuged for 3 min
at 3.000 rpm. The obtained PRP was left at +4°C for 2 hours,
and when the platelets were created, they were put into 96-uL
tubes with the help of a micropipette. Before administration,
16 uL of 10% CaCl, was added to each tube, and the platelets
were activated. Finally, with the help of an injector, they were
applied to the repair region percutaneously between the su-
ture 2 and 3 after the surgery area was closed. According to
the previous study, PRP was applied as one step to the wound
site (15). The control group did not receive any such injec-
tions. Injections of phosphate-buffered saline alone were not
considered as this has previously been shown to not have
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any effect (16). Similarly, injection of unconditioned serum

is of questionable value because platelet activation during its
preparation cannot be avoided. Both the PRP and control
groups were injected using injectors at 24, 48, and 72 hour to
create the same trauma as the ACS group.

On day 30, all the rats of both groups were euthanized under
anesthesia for histopathological (n=5) and biomechanical
(n=5) testing. The right Achilles tendon and one part of the
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Figure 1. a-e. (a) The nuclei in tenocytes becomes more
ovoid to round in shape without conspicuous cytoplasm;
1-2 clusters of capillaries seen per 10 high power fields.
Separation of fibers with loss of demarcation of bundles
and clear loss of normal polarization pattern. Control
5, H&E, x200; (b) Separation of individual fibers with
maintenance of demarcated bundles. PRP 4, Masson
Trichrom, x200; (c) Stainable mucin between fibers but
bundles still discrete. ACS 4, Alcian blue, polarized light,
%200; (d) Type I/III collagen, PRP 1, Picrosirius Red,
polarized light, x100; (e) Type I/III collagen, ACS 2,
Picrosirius Red, polarized light, x100

calcaneus were removed with the femur condyle. Care was
taken to leave the plantaris tendon in place during the re-
moval of the Achilles tendon to prevent the biomechanical
measurements from being affected. For the biomechanical
analyses, the left Achilles tendons of all rats in the control
and ACS groups were also removed.

Samples were obtained from the tendon repair area for histo-
pathological evaluation, which was made by a blinded eval-
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uator. Tendon tissue samples were fixed using 10% neutral
formaldehyde solution and kept in 5% formic acid. After
the histopathological preparation processes, the materials
were embedded in paraffin blocks and sliced. The sections
were stained with hematoxylin and eosin (H&E) (Abcam,
Cambridge, UK) , Masson’s trichrome (BIOGNOST, Zagreb,
Crotia), and Alcian blue (pH 2.5) (Sigma-Aldrich, St. Louis,
MO, USA) Figure 1. a-c . The samples were examined using a
BX51TF (Olympus, Tokyo, Japan) light microscope. Bonar’s
semi-quantitative score and Movin’s semi-quantitative grad-
ing scale were used for evaluation.

Bonar’s scale includes the analysis of the following compo-
nents: 1) tenocytes, 2) ground substance, 3) collagen, and 4)
vascularity. Each variable was scored on a 4-point scale of
0-3 as follows: 0, normal; 1, slightly abnormal; 2, abnormal;
and 3, markedly abnormal. The samples were scored accord-
ing to whether there was a significant abnormal appearance.
The total score varied between 0 (normal tendon) and 12 (se-
verest abnormality) (17). Movin’s semi-quantitative scale in-
cludes analysis of eight variables as follows: 1) fiber structure,
2) fiber arrangement, 3) rounding of the nuclei, 4) regional
variations in cellularity, 5) increased vascularity, 6) decreased
collagen stainability, 7) hyalinization, and 8) glycosamino-
glycan (GAG) content. The first seven variables were eval-
uated using the slides stained with H&E, whereas the eighth
variable—the GAG content—was examined using the slides
stained with Alcian blue (pH 2.5). Each variable was scored
between 0 and 3 as follows: 0, normal; 1, slightly abnormal; 2,
abnormal; and 3, markedly abnormal. The total semi-quan-
titative histological score varied between 0 (normal tendon)
and 24 (severest abnormality) (18).

Evaluation of the type I/III collagen-staining pattern by Sir-
ius Red (Chondrex, Redmond, WA, USA) was performed
using an Olympus BX51 (Olympus, Tokyo, Japan) polarized
light microscope under x400 magnification. Type III colla-
gen staining was evaluated using an Olympus BX51 light mi-
croscope under x400 magnification (Figure 2. d, e).

For the biomechanical evaluations, which were made by a
blinded evaluator, Achilles tendon samples were kept at -20°C
and defrosted to room temperature on the study day; mea-
surements were performed by connecting the Achilles ten-
dons from the origin and insertion sites. The pulling test was
applied to measure the longitudinal axis strength, and this
was carried out using a Mecmesin Multitest 5-i mechanical
test device (Mecmesin, Slinfold, West Sussex, United King-
dom) and software (Emperor, Mecmesin). Unnotched grasp-
er jaws, which were specifically designed and manufactured
for the study, were employed. The tests were performed with
a 10 mm/min pulling rate for each sample. Loading values
measured with a sensitivity of 0.1% by the device’s load cell
were entered into the software (Emperor), and force values
(F) were obtained. The tests were terminated after the detec-
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tion of a decrease in the force and rupture of the sample. The
highest force value among the data obtained was determined
as the maximum strength value, Fmax.

Statistical analysis

The Kolmogorov-Smirnoff test was used to explore normal
distribution. Group comparisons were provided by one-way
ANOVA and Student’s t-test. The computer package SPSS
Complex Samples Statistics version 21.0 (IBM SPSS Corp.;
Armonk, NY, USA) was conducted to run statistical analyses.

Results

PRP group scores were significantly lower than those of
the ACS and control groups for both Bonar’s and Movin’s
scales (p<0.05). ACS group scores were similar to those of
the control group for Bonar’s and Movin’s scales (p>0.05)
(Table 1, 2).

Table 1. Group comparisons according to Bonar’s and
Movin’s Scale

n Mean SD P

Bonar’s Scale

ACS 5 4.80 0.447

PRP 5 3.80 0.837 *0.029
Control 5 5.20 0.837

Total 15 4.60 0.910

Movin’s Scale

ACS 5 9.80 1.095

PRP 5 7.80 1.483 *0.028
Control 5 11.20 2.387

Total 15 9.60 2.165

ACS: autologous conditioned serum; PRP: platelet-rich plasma; SD:
standard deviation
One-way ANOVA test *p<0.05

Table 2. Group comparisons according to collagen type I
ratio at Sirius Red staining

n  Mean (%) SD P
ACS 5 52.00 4.472 *0.005
PRP 5 60.00 6.124
Control 5 42.00 9.083
Total 15 51.33 9.904

ACS: autologous conditioned serum; PRP: platelet-rich plasma; SD:
standard deviation
One-way ANOVA test *p<0.05
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Table 3. Group comparisons according to biomechanical
results

n Mean SD P
ACS-operated 5 35.24 3.26 0.674
PRP-operated 5 33.93 2.61
Control-operated 5 35.69 3.62
ACS-healthy 5 48.14 2.00 0.395
PRP-healthy 5 47.61 1.21
Control-healthy 5 49.14 1.88

ACS: autologous conditioned serum; PRP: platelet-rich plasma; SD:
standard deviation
One-way ANOVA test

According to Sirius Red staining analyses, the PRP group
had significantly higher type I collagen ratio than the control
and ACS groups (p<0.05). Type I collagen ratio of the ACS
group was not significantly different from the control group
(p>0.05) (Table 3).

Biomechanical analyses did not reveal significant differences
between operated groups (p>0.05). Group comparisons were
conducted between healthy tendons, and there was no dif-
ference between Fmax values of either healthy side of each
group (p>0.05) (Table 4).

Discussion

As aresult of frequent and severe complications of treatments
for Achilles tendon rupture, postoperative additive biological
procedures are usually applied (5). In this study, we aimed to
compare the efficacy of two procedures, which are utilized
after Achilles tendon surgery: ACS and PRP. This is the first
study comparing the efficacy of ACS and PRP treatments. In
our study, it was demonstrated that PRP treatment is signifi-
cantly more effective than ACS treatment and no treatment
(control group) on the basis of the histopathological healing
outcomes. Histopathological outcomes were analyzed via
Bonar’s and Movin’s scales and Sirius staining type I/III colla-
gen ratio; PRP outcomes were significantly better at all three
analyses. ACS treatment histopathological outcomes were
similar to those of the control group, and the difference was
not statistically significant. PRP and ACS treatments’ biome-
chanical outcomes were similar on day 30.

PRP comprises concentrated autologous growth factors
(7, 19). Thrombocyte concentration, leukocyte count, and
erythrocyte presence in PRP may differ owing to its prepa-
ration method (20). Furthermore, dosage and frequency of
treatment may also alter the efficacy of PRP (21). PRP treat-
ment has been used in various areas as oral surgery, maxil-
lofacial surgery, chronic skin and soft tissue ulcerations, and
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open fractures (22). PRP utilization in soft tissue injuries has
been increasing, although the results vary across clinical and
experimental studies (19, 23-25). There are a limited number
of clinical studies; however, PRP utilization was shown to ac-
celerate tendon and ligament healing in athletes (15).

There are numerous experimental and clinical studies eval-
uating PRP treatment after Achilles tendon rupture. Major-
ity of the animal studies demonstrated the beneficial effect
of PRP on tendon healing, although some studies found no
significant impact (15, 26, 27). Thus, the effect of PRP treat-
ment on tendon healing is yet undetermined. As a result of
their clinical study, Sanchez et al. showed that PRP adminis-
tration in addition to surgical repair of Achilles tendon ac-
celerated healing and functional recovery (19). Aspenberg
et al. found that percutaneous PRP treatment after Achilles
tendon surgery increased callus amount and thickness (25).
Lyras et al. investigated the effect of PRP on angiogenesis
during the early phase of healing and found that it enhanced
neovascularization, and they argued that this effect resulted
in the enhancement of tendon healing and histological qual-
ity of scar tissue (22). Sadoghi et al. reviewed 14 experimen-
tal and clinical studies together for a meta-analysis in 2012
and investigated the effect of PRP on treatment efficacy of
Achilles tendon rupture and tendinopathy (8). They found
that PRP had a significant impact on the maturation of scar
tissue after Achilles tendon rupture surgery but did not have
a significant effect on the treatment of Achilles tendinopathy.
Experimental studies of Murray et al. (28) and Majewski et al.
(6) found no biomechanical effects of PRP. In our study, we
demonstrated the beneficial effect of PRP on histopatholog-
ical analysis on day 30 after Achilles tendon rupture surgery.
Our biomechanical findings were not significantly different
from the control group.

ACS comprises anti-inflammatory cytokines and growth fac-
tors; thus, it has been used for muscle injuries, lumbar back
pain, sciatic pain, and particularly osteoarthrosis. Its benefi-
cial effects have been shown in randomized controlled stud-
ies (29). Baltzer et al. established that ACS usage for knee os-
teoarthritis reduced symptoms; ACS had chondro-protective
and chondro-regenerative effects in their clinical research
with 376 cases (13). Darabos et al. (30) showed thatlocal ACS
usage for muscle injuries improved healing time according
to clinical and magnetic resonance imaging findings. It has
been shown that tunnel enlargement development after an-
terior cruciate ligament reconstruction was less with ACS
usage.

There are various experimental studies investigating the ef-
fects of ACS usage after Achilles tendon surgery (6, 31-33). In
their experimental study with 80 rats, Majewski et al. evaluat-
ed ACS usage after Achilles tendon surgery with histopatho-
logical, biomechanical, and immunohistochemical analyses
and found that the use of ACS had a significant effect on col-
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lagen composition, histological appearance, and mechanical
resistance during tendon regeneration (6). They observed
the biomechanical effects earliest at the fourth week. In our
study, although we did find ACS as histopathologically effec-
tive on day 30, we did not observe a biomechanically signif-
icant difference.

One of the valuable results of our study is that we have better
histopathological results in the PRP group than the control
group after Achilles tendon surgery. Although both ACS
and PRP have more cytokine and growth factor density than
whole blood, their inclusion rates are different. ACS com-
prises IL-1Ra and anti-inflammatory cytokines (IL-4, IL-10,
1L-13), whereas PRP contains VEGF, IGF-1, IGF-2, FGE and
HGEF (7, 11, 22, 31, 34). We regard VEGF as being the main
factor behind the better results obtained from the PRP appli-
cation. VEGE, which is a crucial factor in angiogenesis during
the early phases of tendon healing, has a significant role
in a low-perfusion region like Achilles tendon. Lyras et al.
showed that PRP administration accelerated Achilles tendon
healing via stimulating angiogenesis by its high concentra-
tion of VEGF (22). They showed an increase of angiogenesis
in the first 2 weeks, including proliferative and inflammation
phases of the tendon healing. These findings are supported
by various PRP studies conducted on rabbit patellar tendon
defect and sheep Achilles tendon models (33, 35).

Biomechanical outcomes of ACS and PRP administration after
Achilles tendon surgery vary between studies. Kaux et al. (35)
and Saughi et al. (8) claimed that PRP had a biomechanically
significant effect, although Yuksel et al. (15) found no signif-
icant effect on biomechanical results. Majewski et al. showed
that ACS had a significant effect on biomechanical findings in
the eighth week. In our study, we observed no significant bio-
mechanical effect of either PRP or ACS on day 30. We deduced
that the reason for that result was that collagen cross-linkage
and remodeling were not completed by day 30 despite acceler-
ated tendon healing with the help of PRP and ACS.

The results of our study should be viewed in the context of
its limitations. The first limitation is that owing to the exper-
imental design, a minimum number of subjects sufficient
for statistical validity were included in this study. Howev-
er, a posthoc power analysis revealed a power of 75.3% and
77.4% for Bonar and Movin scores’ analyses, respectively.
Another limitation of our study is that the histopathological
evaluations, Bonar’s and Movin’s scales, are semi-quantita-
tive assessments, which may be subjective, although the his-
topathological evaluations were conducted by a pathologist
who was blinded to the groups to which the rats belonged.
Lastly, the rupture was made iatrogenically and did not occur
by degeneration. We aimed to obtain the effect of biologi-
cal methods on healthy tendons and not on tendon rupture
pathophysiology. Tendon healing is a complex process con-
sisting of biomolecular and biomechanical stimulants and

443

initiates, perpetuates, and terminates on a broad spectrum
(36). We refrained iatrogenic tendinopathy so as to not make
that process more complicated.

In conclusion, we observed that PRP treatment after Achilles
tendon surgery had better histopathological results than both
the ACS and control groups. We did not find a significant ef-
fect on biomechanical results obtained from either treatment
by ACS or by PRP. We deduced that PRP administration was
an effective treatment for Achilles tendon repair after sur-
gery. Nevertheless, further clinical and experimental studies
investigating the efficacy of PRP and ACS are needed. We
conclude that biological methods such as PRP and ACS are
promising treatments for tendon healing.
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