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Objective: The purpose of this experimental study was to analyze the effects of local autologous
platelet-rich plasma (PRP) injection on tendon-to-bone healing in a rotator cuff repair model in rats.
Methods: Rotator cuff injury was created in 68 left shoulders of rats. PRP was obtained from the
blood of an additional 15 rats. The 68 rats were divided into 4 groups with 17 rats in each group; PRP
group (Week 2), control group (Week 2), PRP group (Week 4), and control group (Week 4). Platelet-
rich plasma or saline was injected to the repair area intraoperatively. Rats were sacrificed 2 and 4 weeks
after the surgery. Histological analysis using a semiquantitative scoring was performed on 7 rats per
group. Tendon integrity and increases in vascularity and inflammatory cells and the degree of new
bone formation were evaluated and compared between the groups. The remaining tendons (n=10)
were mechanically tested.
Results: Degree of inflammation and vascularity were less in the study group at both time intervals
(p<0.05). Tendon continuity was better in the study group at 2 weeks (p<0.05). Obvious new bone for-
mation was detected in the control group at 4 weeks (p<0.05). Biomechanically, platelet-rich plasma-
treated specimens were stronger at 2 weeks (p<0.05).
Conclusion: Local autologous PRP injection may have beneficial effects on initial rotator cuff ten-
don-to-bone healing and enhance initial tendon-to-bone healing remodeling. This may represent a
clinically important improvement in rotator cuff repair.
Key words: Platelet-rich plasma; rotator cuff tendon; tendon-to-bone healing.

Despite advances in surgical technique, a high incidence
of rotator cuff tears regardless of the repair occur.[1]

Rotator cuff repair requires attachment of the tendon to
the bone. After repair, fibrovascular interface tissue
forms between the tendon and the bone with later estab-
lishment of collagen fiber continuity between the two.

Healing of the tendon to the bone is a gradual process
with the tendon-bone attachment site being the weakest
link.[2] Most studies focused on the methods to improve
the initial strength between the tendon and the bone
with attention to fixation device type, suture pattern or
suture material with little emphasis on methods to
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improve the biology of tendon-bone healing.[3] Tissue
failure occurs before anchor, suture or knot failure.[4]

Delivery of growth factors or cells to augment tendon-
to-bone healing is an attractive option to optimizing
rotator cuff healing.[4]

Platelet-rich plasma (PRP) is a rich source of autolo-
gous growth factors, with a platelet concentration above
the baseline (whole blood) and including platelet-
derived growth factor (PDGF), transforming growth
factor (TGF-β), fibroblastic growth factor (FGF),
insulin-like growth factor (IGF), vascular endothelial
growth factor (VEGF), and epithelial cell growth factor
(EGF).[5] These growth factors are secreted from the α-
granules upon platelet activation and delivered to the
injury site to facilitate healing.[6-8] These have roles at var-
ious stages of the ligament and tendon healing.[7]

Autogenously used PRP poses no risk of transmissi-
ble disease and provides a simple, low-cost, minimally-
invasive way to apply many growth factors. It has been
used in various fields of medicine including
orthopaedics and sports medicine.[9] Different results
have been reported for various clinical and animal stud-
ies for fracture healing, nonunion treatment, Achilles
tendon repair, various chronic tendinous elbow, patel-
lar tendon treatment, cartilage healing, muscle strain
and rotator cuff repair.[8-15] Castricini et al. failed to
show the beneficial effects of PRP on small to medium
sized rotator cuff repairs in their clinical prospective
study.[14] Barber et al. reported a higher percentage of
healing with autologous local application of PRP on
postoperative MRI of the rotator cuff repairs.[15] Various
growth factors or growth factor mixtures have been
reported to influence early rotator cuff tendon-to-bone
healing in animal models, enhancing both histological
and biomechanical parameters.[16-18] However, there has
been no experimental study reporting the effect of PRP
on rotator cuff tendon healing. 

The aim of this study was to demonstrate the effect
of local autogenous PRP on healing of the rotator cuff
tendon to the bone using a previously described rat
rotator cuff injury model.[19] We hypothesized that PRP
will enhance the histological score for rotator cuff ten-
don healing and increase the strength of the repaired
tendon-bone unit postoperatively.

Materials and methods
Eighty-three adult male Sprague Dawley rats with a
mean body weight of 324 (range: 300 to 360) grams
were used. The study was approved by institutional
animal board and ethics committee of Abant Izzet
Baysal University. Three rats were housed per cage at
21 °C in a 12-hour light and dark cycle and given food

and water ad libitum. Sixty-eight rats were included in
the study and underwent left shoulder rotator cuff
repair surgery. The 15 remaining rats were used to col-
lect blood and produce PRP.

The rats were divided into two groups; the PRP
group (n: 34) and the control group (n: 34). The left
shoulders of the rats were operated under ketamine and
xylazine anesthesia using the sterile technique. After the
anterolateral incision, the deltoid and omovertebral
muscles were retracted. The acromioclavicular arch was
retracted and complete exposure of the rotator cuff ten-
don was achieved. The supraspinatus tendon was
detached from the anterior part with a length and width
of 2 mm constituting approximately half of the tendon.
The remaining fibrocartilaginous tissue was excised
using curettage until bleeding bone. A 1.5-mm wide, 2-
mm deep hole was drilled. 150 μl of PRP was applied to
the hole. The raised flap was brought closer to the
remaining rotator cuff tendon and sutured with two
side-to-side 4.0 Vicryl sutures (Fig. 1). An additional
150 μl of PRP was injected to the repair site. In the con-
trol group, the same amount of saline injection was
applied. The deltoid and trapezius muscles were
sutured and layers were closed in an anatomical man-
ner. There was no postoperative immobilization and
rats were allowed to move freely. 

Rats were divided into 4 groups with 17 rats in each
group; PRP group (Week 2), control group (Week 2),
PRP group (Week 4) and control group (Week 4). At
Week 2, rats in both the PRP and control Week 2
groups (34 rats in total) were euthanized. Seven speci-
mens from each group underwent histological analysis
and 10 specimens from each group were used for bio-
mechanical analysis. The remaining two groups (34
rats) were sacrificed at Week 4. Seven specimens from
each group underwent histological analysis and 10
specimens from each group were used for biomechani-
cal analysis. 
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Fig. 1. Schematic drawing of the surgical procedure (PRP: platelet-
rich plasma). [Color figure can be viewed in the online issue,
which is available at www.aott.org.tr]
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Whole blood was collected from 15 male Sprague
Dawley rats. The rats were anesthetized with an
intraperitoneal injection of ketamine (80 mg/kg) and
xylazine (5 mg/kg). Approximately 5 ml of whole blood
was collected from the major vessels of each rat. Rats
were then killed with an intracardiac injection of over-
dose of pentobarbital. The anticoagulated blood was
then centrifuged at 220 x g for 20 min. Supernatant was
again centrifuged at 480 x g for 20 min to form a pellet
of rat platelets.[20] Platelet numbers were counted in the
first specimen and found to be 13.8 x 109 platelets/L.[20]

Histological analysis was performed by an investiga-
tor (A.K., Histology and Embryology Specialist) blind-
ed to the study groups. Tissues were fixed with 10% for-
malin and decalcified in EDTA. Decalcified tissue was
embedded in paraffin, and two longitudinal serial sec-
tions, each 5-μm thick, were taken from the injured site
‘core area’ of the rotator cuff tendon. Hematoxylin and
eosin (H&E) staining was performed. Tendon-bone
healing area was evaluated for inflammatory cells, ten-
don continuity, vascularity, the amount of ossification
and new bone formation. These components were eval-
uated and scored between 0 and 3 (0: no increase or
change, 1: mild increase or change, 2: moderate increase
or change, 3: severe increase or change), using a modi-
fied Ide et al.[19] method.

All specimens harvested from rats (10 for each
group) were frozen immediately at -20 °C. Before test-
ing, specimens were thawed. The supraspinatus muscle
originating from the scapula and inserting to the
greater tubercle on the humerus was cleared from adhe-
sions, capsular attachments, and other soft tissue
attachments until only the supraspinatus tendon held
the scapula and humerus together. The tendon was
trimmed down to a 2x1 mm cross-section area contain-
ing the repaired site of the tendon using a no. 11 blade
to standardize the amount of tendon tested. The scapu-
la and humerus were mounted with special clamping
jaws on the testing machine (MTS Bionix II Universal
Testing Machine; MTS Systems Corp., Eden Prairie,
MN, USA). The subsequent pullout force test was per-

formed at a velocity of 3 mm/min. Load to failure
(Newton [N]) through the mid-substance of the tendon
was determined as the ultimate load at the load-elonga-
tion curve (Fig. 2).

The Mann-Whitney U test was used to compare
histological scores between groups and load to failure
values of the groups at two different time periods
(Week 2 and Week 4). The Wilcoxon signed-rank test
was used to compare different time load to failure val-
ues of the groups (control group (Week 2) and control
group (Week 4), the same for study groups). P values
less than 0.05 were considered significant. Data are pre-
sented as mean±SD.

Results
There were no postoperative complications. All rota-
tor cuff repairs were found to be grossly intact, macro-
scopically bridged at the time of sacrifice. No thinning
of the repair site was observed. 

Histological scores are summarized at Table 1. At
Week 2, control group tendon-bone area was deterio-

(n=7) Control group PRP-treated group Control group PRP-treated group 
(Week 2) (Week 2) (Week 4) (Week 4)

Inflammatory cell 2.29±0.4 1.14±0.6*1 2.43±0.5 0.86±0.6*2

Tendon continuity 2.14±0.3 1.57±0.5† 2.41±0.5 2.00±0.0

Vascularization 1.86±0.3 1.14±0.6‡1 1.86±0.9 0.71±0.4‡2

New bone formation 1±1.1 0.14±0.3 1.57±1.2 0.14±0.3

*: Significantly less than the control group (1: at 2 weeks, 2: at 4 weeks), †: Significantly less than the control group (Week 2), ‡: Significantly less than the control
group (1: at 2 weeks, 2: at 4 weeks).

Table 1. Histological scores for the groups.

Fig. 2. Mechanical testing of the specimen. Tendon lengthening
just before the rupture. [Color figure can be viewed in the
online issue, which is available at www.aott.org.tr]



rated with indistinguishable fibrocartilage and calcified
fibrocartilage zones and increased volume of inflamma-
tory cells and vascularity (Fig. 3). At some sections,
fibrocartilage area was distinguishable and the interface
area could be defined between the bone and the tendon.
In the Week 2 study group, fibrovascular tissue was also
present with newly formed ossification areas in the form
of the bony structure (Fig. 4). In the Week 4 control
group, there was an increase of lymphocyte-like cells at
some areas and remodelization of spongious-like bone at
the humerus head (Figs. 5-7). Unlike the other groups,

there was no new bone formation in the Week 4 study
group with presence of the mature bone. Tendon conti-
nuity was better in study group than the control group,
especially at Day 15 (p=0.04). In the Week 4 study
group, inflammatory cell number and vascularity were
decreased at a greater extent with more regular orienta-
tion of collagen fibers. Basophilia was evident between
cartilage cells at fibrocartilage zone (Figs. 8 and 9).
Overall, vascularity and inflammatory cells were less in
the study group than the control group. This difference
was more obvious in the Week 4 groups (Week 2 vascu-
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Fig. 3. View from the control group 2 weeks after the surgery.
Fibrovascular tissue with increased number of inflammatory
cells and capillaries is seen. Fibrocartilage and calcified fibro-
cartilage layers cannot be differentiated (*: Normal tendon
area) (H-E x4). [Color figure can be viewed in the online
issue, which is available at www.aott.org.tr]

Fig. 5. View from the control group 4 weeks after the surgery. The
tendon (t), interface area (*) and the bone (b) can be identified.
Disorganized collagen fiber orientation with increased number
of the capillaries is seen (H-E x10). [Color figure can be viewed
in the online issue, which is available at www.aott.org.tr]

Fig. 6. View from the control group 4 weeks after the surgery.
Lymphocyte dominant inflammatory cell infiltrate into fibrovas-
cular tissue (arrow) (H-E x20). [Color figure can be viewed in the
online issue, which is available at www.aott.org.tr]

Fig. 4. View from the study group 2 weeks after the surgery. The
tendon (t), interface area (*) and the bone (b) can be identi-
fied with newly forming spongious bone (arrows) at healing
area (H-E x4). [Color figure can be viewed in the online issue,
which is available at www.aott.org.tr]



larity: p=0.03, inflammation: p=0.007; Week 4 vascular-
ity: p= 0.01, inflammation: p=0.003).

Two specimens from the Week 4 study group and
one specimen from the Week 4 control group were
excluded from the study because of different failure
modes, such as bone fracture or the slippage of the
specimen at the holding jaw while testing.

Failure mode was elongation of the tendon with avul-
sion of the repair site from the bony insertion area. Load
to failure value of the study group at Week 2 was
10.2±3.5 N, which was higher than the Week 2 control
group (6.9±2.0 N) (p=0.03). There was no significant dif-
ference between the Week 4 study group (11.1±3.3 N)
and Week 4 control group (10.4±7.3 N) (p>0.05). There
was no significant difference between different time
periods (Week 2 and Week 4) for each group (p>0.05). 

Discussion
Currently there is little information on biologic meth-
ods to improve tendon-to-bone healing or remodeling.
Biologic improvement of the rotator cuff tendon heal-
ing to the bone is an attractive option and several
growth factors have been utilized to enhance rotator
cuff tendon healing to the bone.[18,21] PRP has several
advantages over recombinant growth factors or prod-
ucts of animal origin. First, the autologous preparation
of PRP avoids complex regulatory pathways. In addi-
tion, safety issues such as immunological reactions or
carcinogenesis are of much less concern. Finally, PRP
costs are less than those associated with the use of
recombinant proteins.[12]

In the present study, the degree of inflammation and
angiogenesis were less in the study group than the con-
trol group. Tendon thickness and continuity was better
in the study group two weeks postoperatively. Study
group tendons failed at a higher load than the control
groups at two weeks postoperatively. 

Platelet-rich plasma contains up to 8 times the con-
centration of platelets found in whole blood. These
platelets contain α-granules, which can release a multi-
tude of growth factors, such as PDGF, IGF-1, TGF-β,
FGF, VEGF, EGF, and HGF. The fact that PRP con-
tains several different growth factors, present in physi-
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Fig. 8. View from the study group 4 weeks after the surgery. Decrease
in the volume of the inflammatory cells and the capillaries with
obvious basophilia between cartilage cells at the fibrocartilage
area (*) is seen. (H-E x4). [Color figure can be viewed in the
online issue, which is available at www.aott.org.tr]

Fig. 9. View from the study group 4 weeks after the surgery. Regular
orientation of the collagen fibers is observed. (t: tendon, fc:
fibrocartilage) (H&E, x10). [Color figure can be viewed in the
online issue, which is available at www.aott.org.tr]

Fig. 7. View from the control group 4 weeks after the surgery.
Newly forming bone (arrows) and the interface area (*) are
shown. (H-E x10). [Color figure can be viewed in the online
issue, which is available at www.aott.org.tr]



ological proportions, is an appealing benefit compared
to isolated growth factors. Additionally, the individual
roles of these factors could be modified by the presence
of other molecules.[11,13,22]

The lower degrees of inflammation and angiogene-
sis in the study group was caused by the proven effect of
PRP on the increased expression of the matrix degrad-
ing enzymes in addition to the increased cell prolifera-
tion and collagen production at tendon cells, resulting
in accelerated remodeling of the injured tendon.[6,7]

Additionally, Hammond et al. reported improvement
and recovery from muscle strain with limitation of the
inflammation in a rat muscle injury model as early as
possible, 3 days after the injection.[13]

Positive effects of PRP on rotator cuff tendon heal-
ing could only be biomechanically reported at Week 2
groups. This may be due to the early effects of platelets
on tendon healing. Kajikawa et al. reported increased
circulation-derived cells infiltration to the wounded
area and proliferation of cells with enhanced collagen
synthesis at one or two weeks after injury, all of which
returned to normal levels thereafter.[23] Supporting this,
Virchenko and Aspenberg reported the early influence
of platelets on tendon healing in a rat Achilles tendon
injury model and that some mechanical stimulation is a
prerequisite for the effect of platelets at 14 days after
the injury.[24] Another reason may be that the rotator
cuff heals expeditiously in a rodent model making the
difference undetectable 4 weeks after injury.[25,26]

Platelet-rich plasma has various clinical applications
in the field of orthopedics, including rotator cuff sur-
gery.[8-11,27,28] However, to our knowledge, no prospective
randomized controlled clinical trial or experimental in
vivo study exists showing the effect of PRP on rotator
cuff tendon healing. In the present study, autologous
PRP with the addition of calcium chloride ‘promoting
the gradual formation of native thrombin, mimicking
the physiologic clotting process and enabling a more
sustained release of growth factors’[10,29] was proven to
affect the early phase of rotator cuff tendon healing
with better histological and biomechanical parameters
in the study group. 

There were some limitations to our study. Our ani-
mal model did not reflect the degenerative, age-related
large rotator cuff tears commonly seen in humans, who
tend to present with intrinsic degenerative changes in
the torn rotator cuff tendon (tendinosis), tendon retrac-
tion, and osteoporosis of the greater tubercle. However,
the relevance of this animal model has been established
in the literature.[19,30,31] The single load-to-failure test
construct used in this study did not replicate the clini-

cal setting, which was more consistent with a cyclic load
application. Additionally, the failure mode observed
macroscopically was found to be tendon-lengthening
with resultant avulsion of the tendon from the repair
site. This was dependent, however, on gross examina-
tion and possibly requires further microscopic examina-
tion to clearly diagnose tendon organization at the
repair site and normal site. A third possible limitation
was that we did not identify which components of the
PRP were responsible for the improvements we found
or provided information on the bioavailability or dura-
tion of the PRP activity at the repair site. However,
because PRP is easily obtainable through several com-
mercial centrifuge devices and no negative side effects
have been reported, it may not be necessary to isolate
the specific growth factors within PRP that account for
the enhanced recovery from injury.

In conclusion, local autologous platelet-rich plasma
enhanced initial tendon-to-bone healing in a rat rotator
cuff repair model. PRP may have beneficial effects on
initial stage of rotator cuff tendon-to-bone healing.

Conflicts of Interest: No conflicts declared.
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