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Objective: The purpose of this study is to investigate, both histopathologically and biomechanically,
the effect of platelet-rich plasma (PRP) on surgically repaired Achilles tendon rupture recovery in rats.

Methods: The study included 25 17-month-old male Sprague-Dawley rats with an average weight of
500-550 g. Five rats were used as donors, while 20 rats were separated as PRP group (n=10) and con-
trol group (n=10). The Achilles tendons of the rats were cut transversely, and PRP was administered
to the PRP group, while the control group received serum physiologically to create the same surgical
effect. In previous studies, it was shown that this serum does not affect tendon recovery. Fifteen and 30
days post-treatment, the rats were sacrificed, and their Achilles tendons were extracted and examined
histopathologically and biomechanically.

Results: Based on the obtained findings, it was observed that the histopathologic Movin and Bonar
scores of PRP group on the 15" and 30 day post-treatment were significantly lower than those of the
control group (p=0.019, p=0.017, respectively), while no significant difference was found in maximum
force (Fmax) values in biomechanical measures on the 15" and 30 day post-treatment.

Conclusion: It is thought that PRP use in Achilles tendon ruptures positively affects histopathological
recovery in the early period, but that it does not produce the same biomechanical effect. We believe
that PRP use for qualified tendon recovery is histopathologically beneficial.
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The Achilles tendon is the thickest and most powerful techniques in its treatment, it is still a serious problem in
tendon in the human body.!") Achilles tendon injury prev- middle-age adults and athletes due to its long recovery
alence is 1/10.000, but despite new developments and time and high rerupture rate.”) In the last decade, plate-
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let-rich plasma (PRP) practice came into use, in addition
to existing treatments, and its prevalence has increased
gradually. Studies in the field suggest that the platelets
interact with leucocytes and endothelial cells and pro-
vide autoactivation with autocrine and paracrine effects,
as a result of which inflammatory response emerges, and
situations such as chemotaxis, atherothrombosis, coagu-
lation, and cellular differentiation occur.>=¢

When compared with whole blood, PRP contains a
much greater concentration of growth factor (GF) and
other glycoproteins. The effectiveness of PRP depends
on the dose, concentration, and technique by which it
is obtained.””? PRP obtained by current techniques has
a richer platelet count by 300-700%, and its platelet
number is >1.000.000 platelet/pl. The concentration in-
crease in this platelet enables GF concentration increase
in damaged tissue, which increases the injury recovery
potential.®

Robert and Sporn! and Marx et al.'*" showed that
the primary responsible factors in cell proliferation in-
crease, collagen production in high density and quantity,
angiogenesis and cellular differentiation were GFs with
high density within PRP. As a result of the enzymatic
analyses, when compared with whole blood, it was found
that transforming growth factor beta (TGF-O) was 7
times denser, platelet-derived growth factor (PDGF)
was 30 times denser, and epidermal growth factor
(EGF) was 10 times denser.'” However, studies with
contradictory results—that GF affects recovery nega-

tively!”’—and the insufficient number of studies on the
effect of PRP limit the current use of PRP.

The purpose of our study is to investigate whether lo-
cal use of PRP in Achilles tendon repairs is beneficial by
investigating rat models on this issue in the literature. Our
hypothesis was that PRP practice in rats, in tandem with
surgery, would have positive effects on Achilles tendon re-
covery, both histopathologically and biomechanically.

Materials and methods

Consent was obtained from the local ethical board before
beginning the project. The study included 25 17-month-
old 25 Sprague-Dawley male rats with an average weight
of 500-550 g. The rats were fed standard rodent food ad
libitum in 22°C in a dark environment for 12 hours. Five
rats were used as donors, while 20 rats were separated as
PRP group and control group. The rats were taken into
surgery under 60 mg/kg intraperitoneal ketamine-hy-
drochloride (HCI) and 5 mg/kg intraperitoneal xylazine
anesthesia in sterile conditions. Thirty min prior to sur-
gery, 8 mg/kg subcutaneous antibiotic prophylaxis with
gentamicin was administered. Within the first 24 hours

Fig. 1. Achilles tendon exploration. [Color figure can be viewed in
the online issue, which is available at www.aott.org.tr]

postsurgery, carprofen 3—-5 mg/kg was administered
subcutaneously to control pain. After shaving the right
lower extremity of the rats and painting the region with
povidone-iodine (BatticonR, Adeka Laboratories, Istan-
bul, Turkey) and covering it with sterile green drape, the
Achilles tendons received a nearly 2-cm longitudinal in-
cision, exposing the tendon (Figure 1). A transverse cut
was made in the 4-5 mm proximal of the sticking place
of the Achilles tendon to calcaneus with a Bisturi No.
11 scalpel (Figure 2). The incised tendon was restitched
with atraumatic PDO II 4/0 (Boz, Ankara, Turkey) by
Kessler" method.

On average, 5 cc intracardiac blood was taken from
the 5 rats in the donor group under high dose anesthe-
sia, after which they were decapitated. The blood was
taken by injectors with 3.8% sodium citrate, diluted by
1/10. By using Smith&Nephew Prosys PRS (PRP) bio
kit (Prodizen, Inc., Seoul, South Korea) and table-type
VS-5000i2 centrifuge device (Unity Medica, Sandwich,

Fig. 2. Transverse cut from the 4-5 mm proximal to the sticking
place of Achilles tendon. [Color figure can be viewed in the
online issue, which is available at www.aott.org.tr]
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United Kingdom), 1 cc PRP was obtained after 3-min
centrifuge at 3.000 rpm. The obtained PRP was count-
ed by biochemistry analyzer (ADVIA® 2120i, Siemens
Healthcare, Erlangen, Germany), and the platelet num-
ber was found to be 4.500x10%/uL. It was observed that
at least 5-6 times more platelets were obtained from
the average blood by means of this measurement. The
samples were incubated at 4°C for 2 hours until a blood
clot formed, and the obtained PRP was transferred into
tubes of 96 uL through a micropipette. Immediately be-
fore the application, the platelets were activated by add-
ing 16 uL of 10% CaCl, to each tube and then applied
to the repair region through a micropipette. In total, 112
pL serum physiologic was injected to the repair region
of the rats the in the control group, and the wound was
closed with 3/0 propilen (Dogsan, Trabzon, Turkey)
under sterile conditions. After they had been kept in iso-
lation in conventional Type 2 cages for the first postop-
erative 24 hours, the rats were observed in conventional
Type 4 cages for the second postoperative day, with 5
rats in each cage. The conventional cages included a min-
imum base area for each rat of 350 cm?, height of 18 cm,
and plastic base and sides, with the upper part covered
by wire cloth. Postoperative immobilization was not ap-
plied to the rats.

On the 15® and 30® days post-treatment, the rats
were sacrificed with 10 mg/kg xylazine and 90 mg/kg
ketamine-HCI. The repaired right Achilles tendons
were cut from the connection places on the calcaneus,
and femoral condyles and were extracted. Care was tak-
en not to extract the plantaris tendon together with the
Achilles tendon, which may affect biomechanical mea-
sures. All samples were assigned a number. Biomechani-
cal measurement and histopathologic evaluation were
made blind as to which group each sample came from.

The samples were assessed histopathologically by
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a single pathologist. After being fixed in a 10% formal-
dehyde solution of 20 ml for 24 hours, 4 samples from
each group were macroscopically taken into cassettes
and then dehydrated in a tissue tracking device by be-
ing passed through alcohol, acetone, xylene, and paraffin
phases, after which paraffin blocking was conducted. By
taking cuts of 4um, each block was painted with hema-
toxylin and eosin (HE), Masons trichrome (MT), and
alcian blue (pH 2.5). Covering solution was dripped on
the painted lames, and they were closed with lamellas. A
BX51TF (Olympus, Tokyo, Japan) light microscope was
used in the examination. Assessments were made with
Movin semiquantitative ranking scale and Bonar semi-
quantitative scale.™]

In Movin semiquantitative scale, 8 variables were as-
sessed: 1) fiber structure, 2) fiber sequence, 3) curvature
of nuclei, 4) cellularity regional variations, 5) vasculature
growth, 6) reduction of collagen dyeability, 7) hyaliniza-
tion, and 8) glycosaminoglycans (GAGs). The first 7
variables were assessed with HE dyed lames, while the
8% variable with GAG content was assessed with al-
cian blue (pH 2.5) dyed lames (Figures 3a—d). Each
variable was scored on a 4-point scale between 0-3: 0:
Normal; 1: Mild abnormal; 2: Abnormal; 3: Distinctly
abnormal. Total semiquantitative histological score was
assigned between 0 (normal tendon) and 24 (most se-
vere abnormality). In Bonar scoring, 4 variables were
assessed: 1) tenocytes, 2) ground material, 3) collagen,
and 4) vascularity. Each variable was scored on a 4-point
scale between 0—3: 0: Normal; 1: Mild abnormal; 2:
Abnormal; 3: Distinctly abnormal. Total score was as-
signed between 0 (normal tendon) and 12 (most severe
abnormality). The low Bonar and Movin scores show
that recovery is good histopathologically, while its height
means it is bad.

The samples used in the biomechanical study were
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Fig. 3. (a) PRP group, 1 month post-treatment, x100, HE. Nucleus in the tenocytes is observed in more ovoid way, while cytoplasm cannot be se-
lected. There is at least 1 capillary set in each 10 growing area. The collagen fiber dispersion is tight; well-bordered and bright homogenous
polarization pattern is prominent. (b) PRP group, 1 month post-treatment, x100, MT. The collagen fiber dispersion is tight; well-bordered
and homogenous polarization pattern is prominent. (c) Healthy tendon, x200, MT. The collagen fiber dispersion is tight; well-bordered and
bright homogenous polarization pattern is prominent. (d) Control group, 15" day post-treatment, x100, HE. The nucleus in tenocytes is ro-
unded and slightly widened, and the cytoplasm is also slightly visible. In each of 10 large enlargement areas, there are more than 2 capillary
clusters. Loss and separation of boundaries of collagen fibers bundles are observable. [Color figure can be viewed in the online issue, which

is available at www.aott.org.tr]
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Fig. 4. (a) Mecmesin mechanical testing device and specially designed gripper jaws without nails. (b) Status of the
tendon while plugged into the device during tensile test. [Color figure can be viewed in the online issue, which
is available at www.aott.org.tr]

covered with serum-soaked gases and frozen at —20°C
until the day of the study. In order to assess preoperative
data in the biomechanical study, the healthy left Achil-
les tendons of the subjects were also measured. All sam-
ples were measured after being frozen for 15 days. The
samples were thawed in room temperature on the day of
the study, the Achilles tendons were connected to the de-
vice from their origos and insertions, and the measures
were obtained. In order to measure the axial (longitudi-
nal) resistance of samples, a tensile test using Multitest
5-1 mechanical tester (Mecmesin, West Sussex, United
Kingdom) was conducted (Figure 4a). To connect the
samples to the tester, a gripper jaw with 2 mm for the
lower jaw and 1.5 mm for the upper jaw, which was spe-
cifically designed and produced in the Machining and
Machine Tools Laboratory by Yildiz Technical Univer-
sity Mechanical Engineering Department, was used. The
edges of the parts enabling a shape-link in the gripper
jaw were planned by radius, so as not to create a cut-
ting effect (Figure 4b). For each group, 6 samples were
tested. The tests were performed at 10 mm/min pulling
speed. The loading values were measured at 0.1% sensi-
tivity by the load cell of the device and were transferred
to computer software (Emperor“‘, Mecmesin, West Sus-
sex, United Kingdom), and force values were obtained in
newtons. The tests were completed when it was observed
that the force fell and the sample broke. The highest
force value among the obtained data was determined to
be the maximum strength value F__ . The cross-sectional
area of the tendons subjected to the tensile test was 1
of the critical factors affecting pulling strength. As the
cross-sectional area increased, the greater the load the
tendon could endure. Considering this situation, pulling

durability of the tendons and the percentage ductility
value until pulling durability were examined.

According to the average value and standard devia-
tion obtained in the pilot study conducted previously, the
sample volume of the groups was found to be n=10 with
80% power and a 5% of margin of error. The standard
effect size for biomechanical measure (2.23, n=6) was
calculated as the standard effect size for histopathologic
evaluation (3.16, n=4). Statistical analyses in this study
were conducted with Number Cruncher Statistical Sys-
tem (NCSS) 2007 package program (NCSS, Kaysville,
Utah, USA). In addition to descriptive statistical meth-
ods (mean, standard deviation, median, interquartile
range), Mann-Whitney U test was used to compare bi-
nary groups, and Wilcoxon signed-rank test was used to
compare repeated measurements when examining the
data. A value of p<0.05 was considered significant.

Movin Scale

[l 15" day
W 30" day

Control group

PRP group

Fig. 5. Comparison graphic of score scale scores. [Color figure can be
viewed in the online issue, which is available at www.aott.org.tr]
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Table 1.  Comparison of Bonar scale scores between groups statistically.
Histopathology Control group PRP group
Bonar scale Mean+SD Median (IQR) Mean+SD Median (IQR) p
15th day 10+0.82 10 (9.25-10.75) 6.25+0.96 6.5 (5.25-7) 0.019
30th day 6.25+0.96 6.5 (5.25-7) 3.25+0.5 3(3-3.75) 0.017
p 0.059 0.066
Results of the 30* day post-treatment (p=0.028). There was no

The histopathology Movin scale values of the PRP group
on the 15* day post-treatment were found to be signifi-
cantly lower than those of the control group (p=0.019).
The Movin scale values of the PRP group on the 30" day
post-treatment were found to be significantly lower than
those of the control group (p=0.017). There were no
differences in Movin scale values between the 15" and
30" day post-treatment in the control group (p=0.066).
There were no differences in Movin scale values between
the 15® and 30% day post-treatment in the PRP group
(p=0.066) (Figure 5).

The histopathology Bonar scale values of the PRP
group on the 15" day post-treatment were found to
be significantly lower than those of the control group
(p=0.019). The Bonar scale values on the 30" day post-
treatment were found to be significantly lower than
those of the control group (p=0.017). There were no
differences in Bonar scale values between the 15* and
30 day post-treatment in the control group (p=0.059).
There was no significant change in Bonar scale values be-
tween the 15 and 30* day post-treatment in the PRP
group (p=0.066) (Table 1).

No difference was observed between F__values be-
tween the 15® day and 30 day post-treatment of either
the control or PRP groups (p=0.109; p=0.749). F__
values on the 15% day post-treatment of the control
group were found to be significantly lower than those

difference between F__ values between the 15" and 30*
day post-treatment in the PRP group (p=0.463). F__
healthy side values on the 15" day post-treatment of
the control group were found to be significantly higher
than the surgically repaired side values on the 15* day
post-treatment (p=0.004). No difference was observed
between F__ values of either healthy side or repaired
side of the PRP group on the 15% day post-treatment
(p=0.109). No difference was observed between F__
values of either healthy side or repaired side of the con-
trol group on the 30* day post-treatment (p=0.998). No
difference was observed between F_  values of either
healthy side or repaired side of the PRP group on the
30 day post-treatment (p=0.522) (Table 2).

Tendon section, tensile force, tensile strength, and
average elongation percent until tensile strength values
are presented in Table 3. Following 15 days of treat-
ment, the results show that strength values of healthy
tendons for the control group could not be achieved. At
the end of the same period, PRP repair group values be-
came higher than those of the control group. Following
30 days of treatment, it was observed that the control
group's tendons showed close values to healthy tendons;
the PRP repair group tendons showed similar values to
the control group at this time. When the tendons of the
rats treated in the control group regained durability af-
ter treatment, no significant decrease in their stretching

Table 2. Comparison of F__ values between groups according to days.
BM (F_ ) Control group PRP group
MeanxSD Median (IQR) MeanzSD Median (IQR) p

15th day 19.69+5.5 21.43(13.31-24) 29.43+£8.9 34.31(18.07-35.83) 0.109
30th day 37.52+3.11 36.86 (35.12-40.64) 35.04+8.81 38.28 (24.37-42.48) 0.749
p 0.028 0.463

15th day healthy 40.35+5.8 42.94 (34.19-44.75) 50.03+3.12 50.86 (46.79-52.84) 0.006
30th day healthy 40.31+8.17 36.04 (34.31-50.67) 52.15+24.66 46.27 (28.41-81.58) 0.749
p 0.917 0.917

15th day patient/healthy 0.004 0.109

30th day patient/healthy 0.998 0.522
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Table 3.  Pulling force of Achilles tendons subjected to tensile test, tendon section, tensile force, tensile strength, average elongation percent
till tensile strength values, and standard deviation values.
Control healthy Control repair PRP healthy TZP repair

15th day 30th day 15th day 30th day 15th day 30th day 15th day 30th day

Tensile force (n) 40.35£5.80  40.31£8.17  19.69+£5.50 37.52+3.11 50.03+3.12 52.15+24.66 29.43+8.90 35.04+8.81

Cross-sectional area (mm?) 10.17+0.76 10.17+2.02 8.00+2.65 9.83+1.26 11.00+0.50 10.50+2.78 8.50+3.04 9.17+2.84

Tensile strength (Mpa) 3.89+0.54 3.91+0.16 2.61+0.10 3.87+0.29 4.57+0.06 4.69+1.30 3.48+0.13 3.81+0.13

Average elongation (%) 5.44+0.68 5.39+0.74 5.32+2.60 5.39+0.85 7.08+0.57 6.17£1.74 5.39+1.58 5.31+0.89

was observed. Although the standard deviation of per-
centage ductility values obtained as a result of 15 days
of treatment was high, these values returned to normal
after 30 days of treatment.

Discussion

In soft tissue injury, PRP has recently been discovered,
and studies in the literature report different results.!'>->%)
Although there is not sufficient clinical evidence, PRP is
used to accelerate recovery, especially of the tendons and
ligaments of athletes.?) It is easy to implement and is
not very expensive.?"

Upon examination of our findings, we observed that
PRP was histopathologically influential during the early
phases of tendon recovery, and even though it was not
statistically significant in terms of biometrics, we found
that it was still influential on tendon recovery in the ear-
ly phases and increased tendon strength. Repaired ten-
dons in PRP group assimilated to the ductility value of
the control group, and the results demonstrate that the
treatment is beneficial.

Aspenberg et al. demonstrated that percutaneous
PRP injection in rats with tendon injury led to a 30%
increase in the stiffness and strength of the tendon callus
within the first 3 weeks.?” In the same study, it was re-
ported that PRP showed its biomechanical effect on the
3 and 5" days post-treatment. Spindler et al. showed

that PRP accelerated tendon recovery process in animal
models.?

Kaux et al. examined the Achilles tendons of PRP (2
hours postsurgery) applied and postsurgery immobiliza-
tion unapplied rats biomechanically on the 5*, 15®, and
30" days post-treatment.l””) They found the values on
the 15® and 30 days post-treatment to be higher and
reported that the biomechanical effect of PRP was ob-
served in the late period of recovery. We could not find
significant differences in biomechanical measures be-
tween the 15% and 30* days post-treatment. In the same
study, when histopathologic data was compared, the
tendon callus amount on the 5* day post-treatment was
found to be significantly higher. Accordingly, it was con-

cluded that PRP is effective in the eatly period of recov-
ery, histopathologically. These results are similar to ours.

Murray et al.?¥ and Majewski et al.*® examined
biomechanically the effect of PRP on tendon recovery
and did not find significant differences. Nurden et al.
reported that platelets have critical importance in tissue
recovery, especially in the eatly period.” This finding
explains the significantly lower histopathologic recovery
scores we obtained in the eatly period.

Sanchez et al. reported good results regarding use of
PRP after Achilles tendon surgery.””) The retrospective
nature and low number of subjects are weaknesses of the

study.

Garder? and Alissa® demonstrated the analgesic
effect of PRP in knee arthroplasty and periodontal sur-
gery. This effect was explained by the presence of sero-
tonin, dopamine, and catecholamines besides GFs in the
PRP.®! Amendola stated that the complication rate af-
ter Achilles tendon repair in active people was 15-20%
and, parallel with that, the re-rupture rate increased.”
We did not apply immobilization to any rat, nor did we
find any re-rupture after the observation period; how-
ever, it is difficult to compare the results of these 2 stud-
ies, as human subjects were used in Amendola’s study. In
a study combining surgical and biological treatments by
using autologous PRP caused by the problems in ten-
don recovery, Anitua et al. showed the positive effects of
PRP on tendon recovery.®") Sadoghi et al. reviewed the
studies on platelet effect in Achilles tendon ruptures in
animals and humans.®? Powerful evidence that platelet
use improves biomechanical, histological, and clinical re-
sults of the Achilles tendon has been obtained. Hapa et
al. demonstrated in rats that in chronic focal chondral
defects, applying PRP together with microfracture can
make cartilage recovery more effective.*’)

In their study on Achilles tendon ruptures in rats,
Virchenko and AspenbergP®* implemented botox injec-
tions in order to unburden the repaired tendon and then
observed the rats in 2 different kinds of cages, standard
and activity cages. They showed that PRP had an effect
on the early regeneration phase of tendon recovery and
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that physical activity was absolutely necessary for the
platelets, which have a short lifespan, to have a long-
term effect. Moreover, they concluded that the use of
PRP in the human Achilles tendon without early physi-
cal therapy could be ineffective. Since we did not apply
immobilization to any rat and observed all of them in
standard cages, we could not find any evidence regard-
ing the interaction between mechanical stimulation and
early regeneration. However, we can explain the positive
results of PRP in later periods with the use of immobili-
zation and allowing early movement.

In their study on the flexor tendons of dogs, Moriza-
ki et al.’*) emphasized the effect of stitching material in
the tendon repair area. They also emphasized the impor-
tance of tendon strength in terms of the time that the
strength of stitching material disappears, gives a move-
ment and burden for tendons. We could not investigate
the effect of stitching material.

Our study has some limitations. The low number
of subjects and the experimental nature of the study
are weaknesses, which do not demonstrate clinical and
functional results. Since we experimented with live ani-
mals, we worked with a subject number sufficient for
statistical validity. As it is favorable to use 3 consistent
results for European norms, which are applied in me-
chanical studies on tensile testing, the results obtained
are sufficient. That we did not examine the biomechani-
cal effect of stitching material and technique is 1 of the
weaknesses of our study. However, as the same stitching
material and technique were used in both of the surgi-
cally repaired groups, the possibility of comparing both
groups in this respect is not limited. The only limita-
tion is on the comparison and interpretation of mea-
sures of the subjects with surgical repair and the healthy
tendons. Further fundamental and clinical studies are
needed before use of PRP as a principle can be recom-
mended. Firstly, a standard methodology regarding PRP
preparation methods, as well as application amounts
and methods, should be developed, as the current multi-
plicity of methods can create confusion,®” which nega-
tively affects standardization. Further research needs to
investigate the applicability and effect of PRP for vari-
ous causes (acute, chronic, degenerative, and traumatic)
and kinds (soft tissue, bone, or both) of injury in more
detail. In this study, we created an acute and iatrogenic
Achilles tendon rupture and then repaired it. However,
in humans, most Achilles tendon ruptures occur on a de-
generative ground.

In this study, we have shown that, with the use of
PRP in Achilles tendon repairs of rats, significant struc-
tural histopathologic effects emerged on the 15% and

30" days post-treatment but that their biomechanical
effects were not significant. Since the sample sizes in the
comparison groups were low, we suggest that these re-
sults should be interpreted with caution and that future
studies with larger sample sizes will enlarge the under-
standing of this issue.
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