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Background: Rotator cuff lesions rank among the prevalent causes of shoulder pain. Combining surgical interventions with growth fac-
tors, scaffolds, and stem cell therapies can effectively decrease the likelihood of rotator cuff repair recurrence. Platelet-rich plasma
(PRP), platelet-rich fibrin (PRF), and concentrated growth factor (CGF), isolated from blood and rich in growth factors, have a critical
role in cell migration, cell proliferation, and angiogenesis during the tissue regeneration process. Investigations have further substanti-
ated the beneficial impact of PRP and PRF on the biomechanical and histologic attributes of the tendon-bone interface. We aimed to
investigate the effectiveness of CGF compared with PRF and PRP in the repair of rotator cuff lesions as a new treatment strategy.
Methods: Incision was performed on both shoulder regions of 21 adult rabbits. After 8 weeks, both shoulders of the rabbits were
repaired by suturing. PRF and CGF were administered to 2 separate groups along with the repair. Tissues were collected for biomechan-
ical measurements and histologic evaluations.

Results: Histologically, CGF, PRF, and PRP showed similar results to the healthy control group. The level of improvement was sig-
nificant in the PRF and PRP groups. In the PRF group, the distribution of Ki67 (+), CD31 (4), and CD34 (+) cells was determined
intensely in the tendon-bone junction regions. Apoptotic cells increased significantly in the repair group compared with the healthy
group, whereas fewer apoptotic cells were found in the PRF-, PRP-, and CGF-applied groups. In the biomechanical results, no statistical
difference was recorded among the groups.

Conclusion: The use of PRF, PRP, and CGF in rotator cuff repair shows promise in shortening the treatment period and preventing the
recurrence of rotator cuff lesions.

Level of evidence: Basic Science Study; In Vivo Animal Model; Histology and Biomechanics

© 2023 Journal of Shoulder and Elbow Surgery Board of Trustees. All rights reserved.

Keywords: Platelet-rich fibrin; platelet-rich plasma; concentrated growth factor; rotator cuff tears; anatomy; histology; rabbit

Ethical approval was provided for this study from Bezmialem Vakif *Reprint requests: Mert Celikten, PhD, Experimental Application and
University Animal Experiments Local Ethics Committee (BVU-HADYEK; Research Center, Bezmialem Vakif University, Topkapi Mah. Adnan
study # 2020/84). All experiments were conducted in the Experimental Menderes Bulvari, Vatan Cad., Istanbul 34093, Turkey.

Animals Laboratory of Bezmialem Vakif University (BEDEHAL), and the E-mail address: mcelikten @bezmialem.edu.tr (M. Celikten).

procedures were performed in accordance with the applicable national and
international guidelines.

1058-2746/$ - see front matter © 2023 Journal of Shoulder and Elbow Surgery Board of Trustees. All rights reserved.
https://doi.org/10.1016/j.jse.2023.09.028


Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
mailto:mcelikten@bezmialem.edu.tr
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jse.2023.09.028&domain=pdf
https://doi.org/10.1016/j.jse.2023.09.028
https://doi.org/10.1016/j.jse.2023.09.028
http://www.elsevier.com/locate/ymse
http://www.elsevier.com/locate/ymse
https://doi.org/10.1016/j.jse.2023.09.028

e262

M. Celikten et al.

Rotator cuff injuries consist of a wide variety of patho-
logical changes, such as rotator cuff inflammation and full-
thickness rupture of 1 or more tendons.*’ Rotator cuff tears
disrupt the existing internal balance. Although the mecha-
nism by which a rotator cuff tear develops has not been
fully revealed, the generally accepted theory is that the
injury develops after acute trauma or on the basis of chronic
repetitive trauma.”” Besides, aging might be a contributing
factor for tearing.””**** Options for treating rotator cuff
tears include conservative and surgical approaches.
Although surgery is commonly preferred in full-thickness
tears, successful results have been reported with conser-
vative treatment.”™"’ Although full-thickness rotator cuff
tears can be repaired primarily, the need for additional
methods has increased because of the high rates of
rerupture.-/l,ll19,31,38,5()

Piper et al*’ showed that surgical treatments used in full-
thickness rotator cuff tear repair resulted in more favorable
outcomes, both specifically and objectively, in patients
compared with nonsurgical treatments in their meta-
analysis study. Furthermore, in addition to the repair, a
microfracture of the acromion can be performed to stimu-
late the stem cells to leave the bone. The contribution of
growth factors from the fat-derived tissue can be achieved
in the rotator cuff repair. However, different growth factors,
scaffolds, and stem cell studies are prominent research
areas due to the longer-term effectiveness of cuff repair and
reducing the risk of recurrence. %4560

During the healing of tendon wounds, the relatively low
vascularity and cell populations in tendons can contribute
to irregular and excessive extracellular matrix synthesis.
Abnormal matrix composition can lead to a deviation of the
tendon structure from its original state. The resulting scar
tissue not only provides some stability in the tendon but
also causes some mechanical functions to weaken. Fragility
arises as a consequence of the tendon gradually straying
from its initial tissue configuration. The high rate of
recurrence after healing in rotator cuff ruptures can be
attributed to the tendon’s increased vulnerability to
injury.l7’22’3l’32

Growth factors are critical for cell migration, cell pro-
liferation, and angiogenesis in the tissue regeneration pro-
cess.® Because these growth factors are found in the
plasma, platelet concentrations such as platelet-rich plasma
(PRP), platelet-rich fibrin (PRF), and concentrated growth
factor (CGF) obtained from blood have been used in
different studies in the literature for the healing of con-
nective tissue.”*’

In order to increase the success of rotator cuff repair,
PRP, containing many bioactive proteins such as growth
factors crucial for tendon healing, may be employed as
adjunctive therapy in addition to arthroscopy. PRP is
derived through centrifugation of the blood obtained from
the patient’s own blood. The material triggers cell prolif-
eration and angiogenesis because it contains platelet-
derived growth factor, transforming growth factor-

(TGF-B), insulin-like growth factor, epidermal growth
factor, and vascular endothelial growth factor (VEGF)."” In
laboratory studies, PRP significantly improves the biome-
chanical properties and histologic appearance on the
tendon-bone surface. Dolkart et al'” administered a single
dose of autologous PRP with intra-articular injection as a
complement to the surgical repair with a positive contri-
bution to tendon-bone healing. A meta-analysis study
conducted by Wang et al’* found that PRP treatment, when
applied alongside routine arthroscopy for full-thickness
rotator cuff tear, led to a notable reduction in certain
objective and subjective parameters, particularly in terms of
the likelihood of recurrence. However, the same study re-
ported that the positive outcomes did not exhibit significant
long-term changes.

The objective of this study is to conduct a histologic and
biomechanical comparison between PRP and PRF, well-
established treatments for tendon-bone repair, as well as
CGF, a novel intervention that has not yet been explored for
rotator cuff tears but has demonstrated efficacy in various
other tissues with the use of experimental rabbit models.

Materials and methods
Experimental design

In the study, 21 adult New Zealand rabbits weighing 2.8-3.5 kg
were used. The animals were cared for under a 12/12-hour light-
dark cycle at a 22 £ 3°C ambient temperature and 55%-65%
humidity, with as much feed and water as they could reach. A
homogeneous and standardized distribution was achieved between
the groups in terms of mean weight and age.

Surgical procedure

The most frequently torn rotator cuff muscle in humans is the
supraspinatus muscle. Because of its anatomical resemblance to
the supraspinatus tendon, subscapularis (SSC) muscle tendon was
preferred.'""'*?* The operation area was shaved and prepared in
accordance with the rules of asepsis-antisepsis. Then anesthesia
was applied intramuscular injection of 50 mg/kg ketamine
(Ketasol; Richter Pharma AG, Austria) and 10 mg/kg xylazine
(Rompun; Bayer HealthCare, Leverkusen, Germany). The skin
and subcutaneous fascia were passed with a 2 cm incision. After
the cut, the tendon of the SSC muscle was defined, liberated from
the tuberculum minus, and tenotomy was performed with the
deltopectoral approach. A Penrose drain was placed at the free end
of the tendon to prevent self-adhesion. The fascia was closed with
a 3-0 absorbable braided suture (Vicryl; Ethicon, Somerville, NJ,
USA). The skin was closed with a 3-0 permanent Prolene suture
(Fig. 1). Postoperatively, unrestricted mobility was allowed in
their cages without any immobilization on the operated shoulders.
After the first surgical procedure, a chronic tear pattern was
formed after 8 weeks. Postoperatively, the rabbits were allowed to
move freely in their cages without any immobilization on the
operated shoulders.” Animals were randomly selected and divided
into 4 groups, as shown in Figure 1.'®



PRF, PRP, CGF on rotator cuff €263

Groups Procedure Tissue Used
No surgical procedure
Healthy was performed
Control Group
(n=3)
6 Shoulder Joints (R+L)
Only repair was
Repair Group performed after the tear
(n=6) on both shoulders
12 Shoulder Joints (R+L)
Repair + PRF was
PRF Group applied after full
(n=6) thickness chronic tear
meadsl 12 Shoulder Joints (R+L)
Repair + CGF was
CGF Group applied after full
(n=6) thickness chronic tear
megel 12 Shoulder Joints (R+L)
Repair + PRP was
PRP Group applied after full
(n=6) thickness chronic tear

mosel 12 Shoulder Joints (R+L)
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Figure 1  Experimental design of the study. Animals were randomly selected into the healthy control, repair, PRF, CGF, and PRP groups.
A summary of each group’s procedure is given in the table. Right (R) shoulder joints were used for the biochemical analysis, whereas left
(L) shoulder joints were used for the histologic analysis. Surgery performed first with a vertical skin incision with 2 cm. (A) Then the
deltoid muscle was seen under the skin fascia. (B) Through this muscle, the subscapularis muscle and tendon joint were recognized, and (C)
the muscle was fully cut to get free form. (D) The tendon’s free edge was fixed with the Penrose drain. (E) After that, the deltoid muscle,
fascia, and the skin were closed with a permanent Prolene suture. (F) The repair of the subscapularis full cut by using the transosseous
method and the representative photograph of PRP, CGF, or PRP if given (right and left, respectively). PRF, platelet-rich fibrin; CGF,
concentrated growth factor; PRP, platelet-rich plasma; H+E, hematoxylin and eosin.

Obtaining and applying PRF, PRP, and CGF the procedure. For PRF preparation, sample tubes were centri-
PRF, PRP, and CGF were prepared according to previous fuged 10 times at 3000 rpm (Nuve NF1200, Turkey). PRF is a
studies.”””*! To obtain autologous PRF or PRP, 10 mL of blood second-generation platelet aggregation fibrin-rich gel produced
was taken from the ear vein of the rabbits into tubes without from venous blood by single centrifugation. PRF, a fibrin layer

anticoagulant (for PRF) or sodium citrate tubes (for PRP) before containing platelets and plasma, was thus obtained.”” For PRP
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Table I The content analysis of PRF
WBC (per uL) RBC (per plL) HCT (%) PLT (per pL)

Whole blood

PRF (1) 6.43 x 10° 4.71 x 10° 28.55 209 x 10°

PRF (2) 9.06 x 10° 5.67 x 10° 34.37 326 x 10°
Layer

PRF (1) 627 x 10°

ES (1) 0

PRF (2) 1304 x 10°

ES (2) 0

PRF, platelet-rich fibrin; ES, erythrocyte suspension; WBC, white blood cells; RBC, red blood cells; HCT, hematocrit; PLT, platelet.

Table II  The content analysis of PRP

WBC (per pL)

RBC (per pL)

HCT (per pl) PLT (per pL)

Whole blood

Sample (1) 10.35 x 10° 5.85 x 10° 37.99 336 x 10°

Sample (2) 9.02 x 10° 5.34 x 10° 32.34 309 x 10°
PRP

Sample (1) 27.14 x 10° 0.43 x 10° 3.05 3086 x 10°

Sample (2) 7.62 x 10° 0.09 x 10° 0.60 2057 x 10°

PRP, platelet-rich plasma; WBC, white blood cells; RBC, red blood cells; HCT, hematocrit; PLT, platelet.

preparation, the sample centrifuged at 1800 rpm for 10 minutes, so
the erythrocytes were isolated from the tube. Plasma, thrombo-
cytes, and leukocytes were transferred to another tube in order to
centrifuge at 3500 rpm for 15 minutes. After the last step, the
lowest layer of the pellet that is 1-2 mL was taken as PRP. Finally,
PRP was placed to the articular area of the rabbit model.'”*° On
the other hand, before the preparation of CGF, autologous venous
blood was drawn from the ear veins of the rabbits and put into
sterile blood tubes without anticoagulant. Ten milliliters of venous
blood was collected for each shoulder. These tubes were then
immediately centrifuged at 3000 rpm for 12 minutes with a
centrifuge device (Medifuge; SilfradentStl, Sofia, Italy) specially
used in CGF preparation. At the end of the centrifugation, the
third layer containing the growth factors, stem cells, and leuko-
cytes in the tube and the bottom layer containing the erythrocytes
were used in this study.

Approximately 3 mL, 2 mL, and 4 mL was isolated for PRF,
PRP, and CGF, respectively, from 10 mL of venous blood of the
each animal in order to apply to the animals. The number of
platelets was around 3-4 times higher in the PRF samples
compared with whole blood, despite the fact that there were no
platelets in the erythrocyte suspension, as given in Table I. Be-
sides, PRP included approximately 9 and 6.5 times higher platelet
counts for samples 1 and 2, respectively, when compared with
whole blood (Table II). Alternatively, CGF had approximately 4.5-
5 times higher platelet numbers compared with whole blood.
Moreover, 20 x 10°/uL platelets were detected for both samples
of the erythrocyte suspension of CGF (Table III). The content
analysis for PRF, PRP, and CGF is given in Tables I-IlI,
respectively.

All animals except the control group were reoperated 8 weeks
after the full-thickness rotator cuff tear model was formed. The

Penrose drain was reached and removed via the previous surgical
approach. Cuff repair was performed by suturing both shoulders
with the transosseous method.'® Autologous PRF and CGF were
obtained and delivered locally to the repair areas on both shoul-
ders of the rabbits except the control group. In order to apply PREF,
PRP, and CGEF, in the second surgical procedure, the Penrose drain
placed in the tendon of the SSC muscle was removed, and the
tendon was repaired by suturing with the transosseous technique
(3-0 absorbable braided suture [Vicryl; Ethicon]). The PRF, PRP,
and CGF materials, which are the subject of our study, were
prepared from the blood of each animal as stated above. The
concentrates were administered to the suture line immediately
after the repair process. Because PRF and CGF were in gel format,
they were covered with a forceps as a patch on the repair area.
PRP, on the other hand, was injected locally into the suture line
with the help of an injector, where it is a liquid-format material.
The skin was closed with a 3-0 permanent Prolene suture (Ethi-
con). A period of 8-week was expected for the recovery process,
and animals were rested in the cages.’’

Killing and tissue obtaining

At the end of the 8-week follow-up period, animals were killed by
intracardiac injection of high-dose xylazine hydrochloride and
ketamine under general anesthesia. After killing, the humerus and
SSC muscles were excised. All other soft tissues and bone tissues
were isolated. In the healthy control group, 3 rabbits were used for
6 shoulder joints, 3 tissues were taken for histologic examination,
and the other 3 shoulder joint tissues were used for biomechanical
examination. In other groups, 6 rabbits and 12 shoulder joint tis-
sues were isolated in each group. Five were reserved for histology
and 7 for biomechanical examination. Tissues preserved for his-
tologic examination were fixed in 4% formaldehyde. Routine
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Table III  The content analysis of CGF
WBC (per uL) RBC (per plL) HCT (%) PLT (per pL)
Whole blood
Sample (1) 6.98 x 10° 5.44 x 10° 32.66 265 x 10°
Sample (2) 13.73 x 10° 6.45 x 10° 39.99 277 % 10°
Layer
CGF (1) 1183.5 x 10°
ES (1) 20 x 10°
CGF (2) 1375 x 10°
ES (2) 20 x 10°

CGF, concentrated growth factor; ES, erythrocyte suspension; WBC, white blood cells; RBC, red blood cells; HCT, hematocrit; PLT, platelet.

paraffin embedding and the sectioning process were performed
after the decalcification.

Tissues obtained for biomechanical examination were taken as
blocks, preserving the scapula and humerus joint structure and a
tendon connection. The system was wrapped in a wet sterile
bandage and stored in a deep freezer at —40°C.

Histologic examination

Histochemical stainings

Hematoxylin and eosin (H&E) stains were made on the sections
obtained from the experimental groups and evaluated histo-
morphologically. In addition, Masson triple staining was
employed on the sections obtained in order to examine the
extracellular matrix. Histomorphological and extracellular matrix
evaluation was performed.

Histomorphological scoring was performed under the light
microscope (Olympus BX61, Japan). All sections were evaluated
according to the modified Watkin’s scoring.””**® The articular
area stained with H&E was observed under high magnification
(x40). The cellularity and vascularity of both the tendon and its
surrounding connective tissue were scored either marked (1),
moderate (2), mild (3), or minimal (4). On the contrary, the
elongated cells were accepted as fibrocytes in the tendon, and their
density was scored as <25% (1), 25%-50% (2), 50%-75% (3), or
>75% (4). Their arrangements of those cells were also considered
to be scored as a parallel array of cells as <25% (1), 25%-50%
(2), 50%-75% (3), or >75% (4). The Masson triple staining was
used to score the large-diameter fibers and parallel array fibers.
Moreover, tendon-to-bone transitions were scored by means of the
bone or collagenous ingrowth and observed fibrocartilage cells in
the area as given in Table IV.

Immunohistochmical stainings

In experimental groups, apoptosis was evaluated by the TUNEL
(Abcam, UK; Cat# ab206386) method. Cell proliferation was
evaluated with Ki67 (Novus Biologicals, Centennial, CO, USA;
Cat# NBP2-22112 dilution of 1:200)."* CD31 for the analysis of
neovascularization (Novus Biologicals; Cat# NB100-64796 dilu-
tion of 1:100) and CD34 (Novus Biologicals; Cat# NB600-1071
dilution of 1:250) used as a stem cell marker were labeled, and
positivity rates in the tissues were evaluated. Immunohistochem-
istry was applied as the manufacturer’s instructions. Mayer’s he-
matoxylin was used for the sections as counterstaining.
Immunohistochemical stainings were scored by the double-blind

investigator using a 20 objective under the light microscope as
% positive cells in the image in 5 random fields.

Biomechanical examination

Tissues were thawed at a room temperature of 20°C-25°C and
prepared for the biomechanical examination. The SSC muscle and
humerus complex were placed in a uniaxial biomechanical device
at an appropriate angle (MTS Mini Bionix II). The SSC tendon
was fixed with a size 5 suture (Ethibond), passing 2 mm intervals
from both sides for a total of 5 times, and connected to the sensor
in the device. To induce abduction of the joint, a linear pulling
force was applied on the humerus perpendicular to the humeral
diaphysis and parallel to the scapular plane. According to the test
protocol, after 2 minutes of 10 N preload, 60 loading cycles be-
tween 5 and 50 N with a frequency of 0.25 Hz were applied.
According to the test protocol, after 2 minutes of 10 N preload, 60
loading cycles between 5 and 50 N with a frequency of 0.25 Hz
were applied. A sudden decrease in the load-strain curve, fracture
of bone tissue, or formation of complete tears in soft tissue was
evaluated as a failure.

Killing analysis

Statistical evaluations were performed via the GraphPad Prism
software (version 8.4.3; GraphPad Software, Inc., Boston, MA,
USA). While evaluating the histology data, the Kruskal-Wallis
analysis of variance was used to compare the groups. In the
Kruskal-Wallis analysis of variance, the pairwise comparison of the
subgroups was performed using Dunn’s test. Two-factor analysis of
variance was used to evaluate biomechanical data. In the 2-factor
analysis of variance, Dunn’s test was used for the pairwise com-
parison of the subgroups. Armstrong’s” suggestion was followed
for the low sample size; thus, we did not run any correction for
multiple comparisons for histologic data. Results are presented as
mean (M) =+ standard error of mean (SEM), whereas a P value of
<.05 was considered significant for all evaluations.

Results
Histologic evaluations

There was a statistically significant difference in large-
diameter fibers (¢*(4) = 12.311, P =.015), parallel array of
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Table IV Modified Watkin’s scoring
Structure Score Representative micrograph
Cellularity Marked (1), moderate (2), mild (3), minimal (4)

Fibrocytes <25% (1), 25%-50% (2), 50%-75% (3), >75% (4)

Parallel array <25% (1), 25%-50% (2), 50%-75% (3), >75% (4)
of cells

Vascularity Marked (1), moderate (2), mild (3), minimal (4)

(continued on next page)
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Table IV Modified Watkin’s scoring (continued)

Structure Score

Representative micrograph

Large diameter
fibers

Parallel array
fibers

Tendon-to-bone
transition (1-2)

cells, and tidemark (4)

2. Mean of collagen continuity, fibrocartilage tissue,
and tidemark development: minimal (1), mild (2),

moderate (3), marked (4)

<25% (1), 25%-50% (2), 50%-75% (3), >75% (4)

<25% (1), 25%-50% (2), 50%-75% (3), >75% (4)

1. Insertion has continuity without bone or
collagenous ingrowth (1), insertion has continuity
with bone ingrowth but no fibrocartilage cells (2),
insertion has continuity with bone ingrowth and
fibrocartilage cells but no tidemark (3), and insertion
has continuity with bone ingrowth, fibrocartilage

cells (x2(4) = 15.970, P = .003), parallel array of fibers
(%*(4) = 15.501, P = .004), vascularity (¢*(4) = 13.362,
P =.010), cellularity (x2(4) = 11.876, P =.018), fibrocyte
(x2(4) = 11.079, P =.026), and tendon-to-bone transition
(1 and 2) (X2(4) = 14.012, P =.007). Large-diameter fibers
were decreased in all groups compared with the healthy
control group. The decrement was statistically significant in
the repair (M £ SEM: 1.75 £ 048, P < .01), PRF

M £ SEM: 2.17 + 0.17, P < .01), and CGF (M £ SEM:
2.25 £ 048 P < .05) groups compared with the healthy
control group M £ SEM: 4 +£ 0) (Fig. 2, A).

When the parallel array of cells was scored, the
increased score in the repair group (M £+ SEM:
3.25 £ 0.48) was statistically higher than the healthy
control (M £+ SEM: 1.33 £ 0.33) and PRF groups
M £+ SEM: 1.33 4+ 0.21) (P < .05), but there was no
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Figure 2

Histologic evaluation of the experimental groups. The graphs represent large diameter fibers (A), parallel array of cells (B) and

fibers (C), vascularity (D), cellularity (E), fibrocytes (F), and tendon to bone transition (1,2) (G). *P < .5, **P < .01 according to the
Kruskal-Wallis 7 test followed by Dunn’s test. PRF, platelet-rich fibrin; CGF, concentrated growth factor; PRP, platelet-rich plasma.

statistical difference between the CGF and repair groups.
Conversely, a rise in the score was observed in the CGF
M +£ SEM: 3.75 £ 0.25) and PRP groups (M £+ SEM:
3.5 4+ 0.34). In addition, this increase was found to be
statistically significant compared with the healthy control
(P <.05) and PRF (P < .01) groups (Fig. 2, B). Moreover, a
parallel array of fibers were statistically lower in both repair
M £ SEM: 1.75 4+ 0.48, P < .05) and CGF (M £ SEM:

1.25 £ 0.25, P < .01) groups compared with both healthy
control (M 4+ SEM: 3.67 £ 0.33) and PRF groups
(M £ SEM: 3.67 4 0.21). However, there was no statistical
decreased score for the PRF and PRP groups (M &+ SEM:
3.33 £ 0.21) compared with the control group (Fig. 2, C).

The vascularity in the healthy control (M 4+ SEM: 4 £ 0,
P <.01), PRF (M £+ SEM: 3.83 £ 0.17, P < .01), and PRP
(M 4 SEM: 3.33 + 0.33, P < .05) groups was statistically
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higher than in the repair group (M £+ SEM: 1.75 £ 0.25).
The increase in vascularity in the CGF group (M 4+ SEM:
2.75 £ 0.48) was not statistically significant (Fig. 2, D).

Parallel to these findings, in terms of cellularity, the
scores in the healthy control (M £ SEM: 4 + 0, P < .01),
PRF (M £+ SEM: 3.33 £0.42, P <.01), and PRP (M £ SEM:
3.33 £ 0.33, P < .05) groups were significantly higher than
the repair group (M £ SEM: 1.5 £+ 0.29, Fig. 2, E).

Although a decreased score was observed in the PRF
(M +£ SEM: 3.17 + 0.48) and CGF groups (M £ SEM:
2.25 £ 0.63) in the fibrocyte scoring, which was the lowest in
the repair group (M &+ SEM: 1.75 £ 0.25), no statistical dif-
ference was recorded between the groups compared with the
control group (M £+ SEM: 4 + 0). However, the PRP group
(M £ SEM: 3.67 &+ 0.21) showed a raised score of fibrocytes
compared with the repair group (P < .05) (Fig. 2, F).

In terms of the tendon-to-bone transition (1 and 2), the
decreased score in the repair group (M =+ SEM:
2.75 + 0.25) was not statistically significant compared with
the healthy control group M =+ SEM: 3.67 £ 0.33).
Nevertheless, the CGF group (M &= SEM: 2 £ 0) showed
statistical significance compared with the healthy control,
PRF (M £ SEM: 3.5 +£ 0.22), and PRP groups (M £+ SEM:
3.67 £ 0.21, P < .01 Fig. 2, G).

Finally, when all these values were summed up as described
in the Materials and methods section and evaluated as the
modified Watkin’s score, the scoring in the repair (M £ SEM:
17.25 + 0.75) and CGF groups (M £+ SEM: 19 £ 1.22)
exhibited a statistically significant reduction compared with
the healthy control group (M 4+ SEM: 28.33 + 0.33, P <.01).
However, the decrease in the PRF (M + SEM: 24.5 4+ 1.36)
and PRP (M + SEM: 27.5 £ 0.89) groups did not differ sta-
tistically compared with the healthy control group, and there
was a statistical significance in the difference between the
repair groups (P < .05 and P < .01, respectively, Fig. 3).

Immunohistochemical results

Ki67 immunohistochemical results

Ki67 (+) cells were observed in all groups, especially in
the bone tendon attachment region, bone marrow, and
connective tissue. In addition, in the healthy control, PRF,
and PRP groups, Ki67 (+4) cells were recorded in large
numbers in the tendon attachment region. In the PRF group,
Ki67 (+) cells were also documented in the periosteum and
the attachment region of the tendon, in addition to other
regions. Ki67 (+4) cells were not captured in large numbers
in the CGF group (Fig. 4).

CD 34 immunohistochemical results

CD34 (+) cells were noted at the tendon-bone junction in
all groups, whereas the cells were more abundant within the
connective tissue in the repair group. In the PRF group,
unlike the other groups, CD34 (+4) cells were recognized in
the tendon tissue (Fig. 5).

CD 31 immunohistochemical results

Positive cells were noticed in very rare areas at the tendon-
bone junction in all groups. CD31 (4) cells were found in
rarer areas compared with other immunopositive stainings.
CD 31 (+) cells were mostly detected in connective tissue
(Fig. 6).

TUNEL results

TUNEL (+) cells were scarcely observed in the control
group. TUNEL (+) cells were observed in the connective
tissue and tendon damage areas, especially in the repair
group. Positively labeled cells were documented in rare
areas in other groups. There was a statistically significant
difference in TUNEL (+) cells (X2(4) =12.791, P =.012).
TUNEL (+) cells were recorded to have the highest rate in
the repair group (M £ SEM: 38.25% = 7.74), whereas this
rate in the healthy control group was 9.66% + 2.17. This
increase in the repair group was statistically significant in
the healthy control group (P < .01). Although the TUNEL
(+) cells in the PRF group (M + SEM: 12.37% =+ 1.82)
were statistically decreased (P < .01) compared with the
repair group alone, the value of the CGF and PRP groups
(M + SEM: 17.36% + 2 and M + SEM: 19.51% + 4.33)
was not statistically significant with any group (Fig. 7).

Biomechanical results

For biomechanical tests, 7 shoulders from the experimental
groups (CGF, PRF, PRP, and repair) and 3 shoulders from
the healthy control group were included in the experiment.
The strength in the region was measured by applying force
to the tendon-bone connection. Tendon-bone rupture
strengths were determined, and the treatment groups were
compared with the healthy control group in terms of
strength. Although the PRF, PRP, and CGF groups showed
a higher stiffness compared with the other groups, only the
CGF group demonstrated a statistical difference compared
with the repair group (P <.05). Failure displacement was at
the highest level in the repair group, whereas the PRF and
CGF groups revealed a lower level when compared with the
control group with no statistical significance. The resistance
of the tendon-bone connection in the CGF group was better
than the PRF group, which was contrary to the histology
data (Fig. 8).

Discussion

Rotator cuff tears can originate from various factors such as
trauma, repetitive microtrauma, hypovascularity, degeneration,
and subacromial impingement syndrome.'® The inflammation
in the repair of rotator cuff tears has a pivotal role in the tissue
healing process. During the early stages of tendon healing, in-
flammatory response encompasses cell migration and
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Figure 3  Representative microphotographs of the histologic sections from the (A and B) healthy control, (C and D) repair, (E and F)

PRF, (G and H) CGF, and (I and J) PRP groups. (K) The graph for the modified Watkin’s score. *P < .5, * * P < .01 according to the
Kruskal-Wallis 7 test followed by Dunn’s test. PRF, platelet-rich fibrin; CGF, concentrated growth factor; PRP, platelet-rich plasma.

maturation with a rapid proliferation in fibroblasts. Moreover,
new collagen fibers are formed and the cell/matrix ratio un-
dergoes a transformation.”® The most common complication
after surgical treatment is recurrent tears due to inadequate
repair or processes such as inflammation that develops after

surgery.'™*® Although recent surgical techniques have lowered
the risk of recurrence, they have also prompted the exploration
of alternative approaches aimed at fortifying the collagen
structure and enhancing biological processes. Among the
alternative applications, the most recent approaches are
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Figure 4 Representative micrographs for the immunohistochemistry of the (A) healthy control, (B) repair, (C) platelet-rich fibrin, (D)
concentrated growth factor, and (E) platelet-rich plasma groups. The ———3» indicate the Ki67 positive cells.

different interfaces of blood such as PRP, PRF, or CGF obtained
by diverse centrifugation techniques.

Rabbit is frequently used as a model organism in rotator
cuff pathology.””>® Supraspinatus and infraspinatus ten-
dons are preferred in the research of repair models for
rabbits. Nevertheless, further studies also reported that the
SSC tendon may be a better approximation of human pa-
thology given that it passes under an enclosed arch and
fatty accumulation is prominent.'' Moreover, the SSC
tendon is frequently preferred because it has the largest
tendon among the rotator cuff tendons. In addition, the
most ruptured supraspinatus tendon in human is the
anatomically adjacent tendon to the SSC tendon.”

With the limited data about PRP, PRF, and CGF
comparative application in rotator cuff tear, we evaluated
and compared the application of PRP, PRF, and CGF in the

repair process of the rotator cuff tear model with SSC in
rabbits in terms of histopathological healing, cell death,
neovascularization, stem cell potential, and proliferation as
well as biomechanical evaluation.

Pulatkan et al** performed the rotator cuff rabbit model
using the modified Watkin’s score to compare repair and in
situ repair. They showed that the in situ repair group score
is the lowest compared with repair and control. Another
study investigating PRP and ozone therapy on the rotator
cuff rabbit model exhibited a more favorable outcome ac-
cording to histopathologic and biomechanical evaluation
with collagen fiber continuity and orientation.”* Chung
et al’ reported a rotator cuff rabbit experiment applying
with PRP or without porcine dermal collagen graft
augmentation on tendon to bone healing, revealing that
PRP application led to a more beneficial treatment in
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Figure 5 Representative micrographs for the immunohistochemistry of the (A) healthy control, (B) repair, (C) platelet-rich fibrin, (D)

concentrated growth factor, and (E) platelet-rich plasma groups. The ——» indicate the CD34 positive cells.

terms of collagen fiber continuity and orientation histo-
pathologically. Furthermore, all PRP treatments had better
load-to-failure results according to biomechanical anal-
ysis.” PRF application may promote the healing process
histopathologically in a variety of cases such as cartilage
repair, rotator cuff surgery, and anterior cruciate ligament
surgery.”' In a study evaluating the efficacy of PRF in a
rabbit model, PRF was effective in accelerating the healing
of Achilles tendon injury. In addition, when the healed
tissues in the PRF group were examined histologically,
more efficiently organized collagen fibers, less vascularity,
and low cartilage formation were detected.”® In another
experimental study on rabbits, using a PRF patch
contributes to intratunnel tendon-bone healing.”> Uno
et al’' had a comparative study about PRP, PRF, and

bone marrow—derived PRF in a degenerative rotator cuff
rabbit model, presenting that bone marrow—derived PRF
enhanced and more effective than others in tendon-bone
healing  histopathologically via VEGF  regarded
vasculogenesis.

CGF application may enhance bone graft implantation
according to previous studies.’*’” Moreover, Arican
et al' and Yilmaz et al’’ demonstrated that CGF had time-
dependent bone healing effects supported by histologic
analysis. However, there is no current study on the tendon-
bone healing effects of CGF.

In our study, Watkin’s scores of the PRP and PRF
groups reached the healthy control group, unlike the CGF
and repair group. Moreover, PRP showed a slightly higher
score compared with the PRF group. When the subscores



PRF, PRP, CGF on rotator cuff

e273

E

«Y

Figure 6

50 pm
‘4
D 4,7 St

’? .
A Dty
e N7
2 3 oe N \bl‘
> 2 o eyl £ }_A
Sl L T |

Representative micrographs for the immunohistochemistry of the (A) healthy control, (B) repair, (C) platelet-rich fibrin, (D)

concentrated growth factor, and (E) platelet-rich plasma groups. The ———3» indicate the CD31 positive cells.

of Watkin were evaluated, vascularity and cellularity were
higher in the PRF, PRP, and CGF groups compared with
the repair group, and there was no statistical difference
compared with the control group. Parallel arrays of fibers,
fibrocytes, and tendon-bone transformation lacked statis-
tical significance in the PRF and PRP groups compared
with the control group. Insignificance was observed in the
PRP group for the large diameter of fibers and in the
PRF group for a parallel array of cells compared with
the control group. No statistical difference was recorded
between the groups according to our biomechanical
results.

Carr et al’ performed a study including 60 randomly
selected patients with rotator cuff tendinopathy. Arthro-
scopic acromioplasty drastically improved long-term

clinical results up to 2 years. However, no contribution of
PRP was detected along with these results. PRP also altered
the tendon’s histology in terms of reduced cellularity and
vascularity as well as increased levels of apoptosis.”

Thrombocytes have an antiapoptotic effect and regulate
the balance of cell survival.” When CGF treatments were
administered to see the potential contribution to the bone
defect, the thickness of the membrane and CD31 (+) cells
were documented higher in a time-dependent manner with
the CGF-applied group. Moreover, CGF also increased the
Ki67 (+) and stem cells.”’

According to our TUNEL and Ki67 results, the PRF-
applied group had the lowest number of apoptotic cells
among treatment groups compared with the repair group. In
addition, the PRP, PRF, and CGF groups were not
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Figure 7  Representative micrographs for the immunohistochemistry of the (A) healthy control, (B) repair, (C) PRF, (D) CGF, and (E)
PRP groups. The ——3 indicate the TUNEL positive cells. (F) * * P <.5 according to the Kruskal-Wallis ¢ test followed by Dunn’s test.
PRF, platelet-rich fibrin; CGF, concentrated growth factor; PRP, platelet-rich plasma.

statistically significant in the healthy control group. Ki67 connective tissue in all groups, but the cells were more
(+4) proliferative cells were recognized especially in the numerous in the PRF and PRP groups. Stem cell marker
bone tendon attachment region, bone marrow, and CD34 (+) cells were noticed in the tendon-bone junction in
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Figure 8 Biomechanical test for stiffness, failure displacement, and failure load. *P < .5, * * P < .01 according to the Kruskal-Wallis ¢
test followed by Dunn’s test. PRF, platelet-rich fibrin; CGF, concentrated growth factor; PRP, platelet-rich plasma.

all groups. Moreover, stem cells were found in the tendon
only in the PRF group. CD31 (+) cells indicating vascu-
larization were noted in tendon-bone junction points and
were localized in a rare area in all groups.

PRP contains a variety of blood cells such as platelets,
white blood, and red blood cells as well as plasma and
fibrin similar to our results compared with the literature.
There are also several growth factors such as VEGEF,
insulin-like growth factor-1, platelet-derived growth factor-
AB, and TGF-B1 in PRP content.”® On the other hand, PRF
is composed of a single fibrin membrane containing all the
constituents of blood with the incorporation of platelets,
leukocytes, cytokines, and circulating stem cells.* Also,
CGF can influence the synthesis of growth factors such as
VEGF, TGF-B1, BMP-2, metalloproteinases, and cells with
its ingredients.*®

A discrepancy in the potential impacts of PRP was
evident in a systematic review examining the biological

efficacy of these compositions in the rotator cuff and other
bone-tendon healing models.'” Our study, with 3 different
compositions in rotator cuff tears, demonstrated that PRF
and PRP applications had an enhanced histologic healing
effect when compared with CGF. In the comparative
analysis of PRF and PRP, PRF exhibited superior parallel
arrays of cells, whereas PRP showed a higher score for
large-diameter fibers. Consequently, no clear superiority of
PRF over PRP, or vice versa, was evident based on the
findings.

Conclusion

A distinct discussion was conducted concerning the
application of PRP, PRF, and CGF in the treatment of
rotator cuff injuries, encompassing various aspects such
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as histopathology, cell death, neovascularization, pro-
liferation, presence of stem cells, and biomechanical
evaluation. All treatment groups were more effective
than the repair group in terms of apoptosis, proliferation,
and presence of stem cells. As a consequence, PRP, PRF,
and CGF contributed to the healing process, but the
contribution was more evident in PRF and PRP than
CGF in a histopathologic manner.
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