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Abstract

BACKGROUND: In dogs, Achilles tendon rupture is an important clinical issue. Treatment of the ruptured 
tendon remains a controversial problem. However, surgical intervention, by the using of different biological 
scaffolds, has been recognized as the most effective approach for the repair of such cases.   
OBJECTIVES: The current study aimed to evaluate the efficiency of platelets-plasma rich protein (PRP) and 
autogenous peritoneal scaffold to improve the healing process of ruptured Achilles tendon in dogs.
METHODS: Eighteen healthy dogs of the local breed were randomly allocated into three equal groups. Achil-
les tendon of the hind limbs were prepared aseptically and transected transversely. In the control group, the 
tendon was reconstructed with the traditional suture using modified Kessler techniques. In the peritoneal scaf-
fold group, a combination of traditional suture and the autogenous peritoneal scaffold was used to augment the 
defected tendon. In the peritoneal scaffold with the PRP group, the induced rupture was treated as similar to the 
peritoneal scaffold group and supported by a topical application of PRP. In addition to the gross observation, 
the healing process was evaluated with histopathological and sonographic investigations at 15, 30, and 60 days 
post-operative. 
RESULTS: By comparison with control, the utilizing of autologous peritoneum scaffold augmented with PRP 
revealed a valuable impact on Achilles tendon healing. This impact was manifested by improved fibroblastic 
proliferation, reduced adhesion, and improved mechanical function of the tendon. Also, the sonographic exam-
ination of the fibrosis site demonstrated the presence of hyperechoic spots.  
CONCLUSIONS: We concluded that utilizing both the peritoneal scaffold augmented and PRP along with 
the traditional suture revealed remarkable optimistic effects on healing of the ruptured Achilles tendon in dogs. 
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Introduction
Tendon injuries commonly occur and 

constitute one of the greatest challenges for 
orthopedic surgery. The healing process of 
such cases is slow and treatment might re-
quire prolonged rehabilitation (Denitsa et 
al., 2015). In dogs, both partial and total rup-
ture of Achilles tendon is not an uncommon 
traumatic problem (Taniguchil et al., 2018). 
Several therapeutic choices have been used 
to repair the ruptured tendons; these included 
traditional suturing, autografting, allograft-
ing, and synthetic prostheses (Denitsa et 
al., 2015). Treatment of the ruptured Achil-
les tendon is continued to be controversial; 
however, the most frequently applied meth-
ods are conservative, percutaneous, and sur-
gical repair (Greca et al., 2005). Re-rupture 
after treatment is the major problem; Thus, 
surgical intervention is advisable to restore 
tendon integrity, strength, and functional 
(Spinella et al., 2010). Various studies have 
assessed the efficacy of utilizing several 
materials that have the potential to improve 
the healing process and tendon regeneration 
without the development of fibrotic tissue. 
For instance, polypropylene mesh, colla-
gen fiber implantation, pericardium, small 
intestine submucosa, dermal patch, mesen-
chymal stem cells, vein graft, platelet-rich 
plasma and omentum (Jahani et al., 2015; 
Canapp et al., 2016; Bellenger, 2003). The 
peritoneum is a serous membrane covered 
by mesothelial cells and supported by a stro-
mal layer. The stromal layer is composed of 
elastic and collagen fiber, mast cells, mac-
rophages, lymphocytes, adipose cells, and 
glycosaminoglycans (Konig et al., 2004). 
The utilization of the peritoneum is based 
on the capacity of its relative cells to release 
growth factors such as transforming growth 
factor, fibroblast growth factor, and epider-

mal growth factor, which demonstrated a 
positive effect on the healing process (Hos-
good, 2003). The application of PRP enables 
tendon lesions to recuperate and eliminate 
signs of inflammation (Bellido et al., 2018). 
Ultrasonographic evaluation of the normal 
Achilles tendon was firstly reported in 1997, 
where a report investigated the effectiveness 
of ultrasonography as a diagnostic imaging 
procedure in orthopedic problems in small 
animals (Kramer et al., 1997). Based on the 
sonographic echotexture pattern, a previ-
ous study on canine Achilles tendon injury 
demonstrated that ultrasonographic exam-
ination is insufficient for differentiation be-
tween the partial and complete rupture of the 
Achilles tendon (Rivers, 1997). However, 
another relevant study indicated that ultra-
sonography can be employed to categorize 
the partial ruptures into deep or superficial 
ruptures (Kramer et al., 2001). Additionally, 
a considerable amount of literature has been 
published on the using of ultrasounds as a 
diagnostic tool of Achilles tendon affections 
in dogs (Baltzer and Rist, 2009; Case et al., 
2013; Spinella et al., 2010). Therefore, the 
present study was directed to investigate the 
role of PRP with peritoneum in the healing 
process of experimental Achilles tendon rup-
ture in dogs.

Materials and methods
Healthy local breed dogs (n=18) were ran-

domly allocated into three equal groups (6 
animals each). A uniform protocol of gen-
eral anesthesia consisting of Ketamine 5% 
(10 mg/kg) and Xylazine 2% (3 mg/kg) in-
tramuscularly (IM) was followed. The site 
of operation directly over the tendon was 
prepared under standard sterilization pro-
cedures. In the control group, Achilles ten-
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don was transversely sectioned and repaired 
with a modified Kessler method only and the 
leg was fixed with Gipson. In the peritoneal 
scaffold group, peritoneum graft was har-
vested directly by making an incision at the 
lower abdomen near to the umbilicus from the 
same dog, isolated segment (approximately 
3×3 cm) was preserved in ringer solution con-
taining 10% gentamicin. The tendon repaired 
as mentioned in the control group and aug-
mented with peritoneum graft. In the perito-
neal scaffold with the PRP group, the tendon 
was repaired by tenorrhaphy, augmented with 
peritoneum graft, and PRP was applied direct-
ly on the site of the ruptured area. 

The platelet-rich plasma protein (PRP) 
was prepared at the time of operation where 
blood samples (20 ml) were collected from 
the jugular vein and separated into two test 
tubes (10 ml) containing 0.5 ml of 3.2% 
sodium citrate. Following centrifugation at 
1500 rpm for 10 min, the supernatant aspired 
and the remaining part of blood represents 
the PRP (2 ml). This portion was centrifuged 
again at 1500 rpm for 15 min, then PRP was 
activated with two drops of 10% calcium 
chloride (Malik et al., 2013). The site of op-
eration was prepared for surgical operation 
starting just 5cm proximal to the calcaneus 
on the lateral aspect of the limb. Then, the 
surgical site was closed routinely and cov-
ered with a non-adhesive dressing bandage. 
The operated limb immobilized using Gipson 
(with window) for 2-weeks. Postoperatively, 
the site of surgery was evaluated clinically at 
15, 30, and 60 days. Lameness was catego-
rized according to the lameness scoring (I to 
VI scale) system (Millis et al., 2004). To de-
termine the gross pathological changes, bi-
opsies were collected from two dogs at each 
period and the site of the collected specimen 
was repaired routinely without killing the 

animal. Ultrasonographic examination was 
performed at the longitudinal axis (Lamb 
and Duvernois, 2005). Tissue sections were 
stained with Harri's hematoxylin and alco-
holic eosin (Suvana et al., 2013), and the 
stained slides were examined at 100X.

Results 
Postoperatively, clinical parameters indi-

cated that all operated animals were healthy, 
alert, and showed normal activity with a good 
appetite. There was no evidence of serious 
complications such as infection or wound 
dehiscence at the operative leg. However, 
in all groups, animals exhibited lameness 
a few days post-operation. Lameness was 
classified according to the lameness score 
system as grade I. In the control group, the 
symptoms of lameness persisted for 15 days 
and 8 days in the peritoneal scaffold group. 
Interestingly, in the peritoneal scaffold with 
the PRP group, less severe lameness was re-
ported which lasts for 6 days. Grossly, there 
was thickening at the area of operation which 
persisted for 20, 26, and 27 days in control, 
peritoneal scaffold, and peritoneal scaffold 
with PRP groups, respectively. In all groups, 
lameness was subsided gradually. Grossly, 
in the control group, there was massive ad-
hesion between the tendon and neighboring 
tissues with incomplete healing at the two 
ends of the tendon. In the peritoneal scaffold 
group, there was moderate adhesion with an 
earlier healing process than the control group 
(Figure 1). In the peritoneal scaffold with the 
PRP group, there was mild adhesion with 
complete healing (Figure 2). Interestingly, in 
all operated animals, there was no change in 
the total tendon length. 
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Histopathologically, in the control group, 
results revealed the presence of maturation 
of the granulation tissue which character-
ized by dense collagen fiber with a moder-
ate proliferation of active fibroblast after 30 
days post-surgery. However, after 60 days 
of operation, mature connective tissue was 
presented and characterized by the organi-
zation of collagen fiber (Figure 3). In the 
peritoneal scaffold group, at 15 days, there 
was a severe proliferation of active fibro-
blasts with a little number of blood vessels. 
Additionally, there was a reduction in the 
density of collagen fiber with a mild inflam-
matory response. At day 60, there was a de-

crease in the number of spindle fibroblast 
cells, collagen fiber organization and vas-
cularity were qualitatively similar to those 
of normal tendon tissue. There were no 
signs of cartilage or bone formation with-
in the tendon (Figure 4). In the peritoneal 
scaffold with the PRP group, at 30 days, the 
presence of connective tissue with collagen 
fibers formation accompanied by a reduc-
tion in the number of fibroblast cells and no 
inflammatory reaction. At 60 days, sections 
revealed the presence of new collagen fi-
bers with further decreases in the number 
of fibroblasts. Besides, edema was noted 
between collagen fibers (Figure 5).

Figure 1. The peritoneal scaffold group, moderate adhe-
sion with adequate healing (15 days post-surgery).

Figure 2. The peritoneal scaffold with PRP group mild  
adhesion with complete healing.

Figure 3. Control groups at day 60 post-operation. The 
section displays the presence of mature connective tissue 
and the organization of collagen fiber. HandE, 100X.

Figure 4. The peritoneal scaffold group at 60 days showed 
a decreased number of spindle fibroblast cells and collagen 
fiber organization HandE, 100x.
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In the control group, the sonographic inves-
tigation revealed a mottled heterogeneous fi-
ber pattern with an area of hypoechogenicity 
at 15 days; however, hyperechogenicity was 
the main feature at 30 days with homogenous 
fiber pattern (Figure 6). In the peritoneal 
scaffold group, at 15 days, hyperechogenic 
with a hypoechogenic area were recognized 

at the center of the tissue. Moreover, sections 
showed a small hypoechoic area at 30 days 
and hyperechogenic at 60 days (Figure  7). In 
the peritoneal scaffold with the PRP group, 
at 15 days, the hyperechogenic area was de-
termined at the center. In the 30 and 60 days, 
there was hyperechogenic hypoechogenicity 
at the site of operation (Figure  8).

Figure 5. The peritoneal scaffold with the PRP group at 60 days showed new collagen fibers formation with a decreased 
number of fibroblast cells. The presence of edema between collagen fibers. HandE, 100X.

Figure 6. Longitudinal ultrasound 
image of a lateral aspect of the cal-
caneal tendon in the control group at 
60 days. Homogenous fiber pattern 
with an area of hyperechogenic.

Figure 7. Longitudinal ultrasound 
image of a lateral aspect of the calca-
neal tendon in the peritoneal scaffold 
group at 60 days. Homogenous fiber 
pattern with a hyperechoic area.  

Figure 8. Longitudinal ultrasound 
image of a lateral aspect of the calca-
neal tendon in the peritoneal scaffold 
with the PRP group at 60 days. Ho-
mogenous fiber pattern with a small 
hypoechogenic area.
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Discussion
Tendon regeneration is a complex and 

very slow process. Several biologic or syn-
thetic scaffold devices for tendon augmen-
tation were used to provide more effective 
management and increased healing rates 
(Walden et al., 2016). A successful resto-
ration with a good outcome should have 
suitable durability, tension, and strength to 
meet the dynamic workload (Jahani et al., 
2015). In the current trial, results showed 
that treatment with the scaffold of autolo-
gous peritoneum has positively accelerated 
the healing of the ruptured tendon. This out-
come might provide evidence that scaffold 
can serve as temporary supportive materials 
for the host tissue in the processes of growth 
and repairing. Furthermore, the using of PRP 
for augmentation of the transected tendon 
might provide advantageous effects on the 
mechanical properties of the tendon. Clinical 
observation reveals improvement in the gait 
and gradual decreases of lameness especially 
at day sex post-surgery in peritoneal scaffold 
and PRP group. This may be attributed to the 
role of the peritoneal scaffold as a protective 
shield, which decreases the adhesion be-
tween the tendon and the surrounding region  
(Castillo et al., 2019). Also, the peritoneal 
scaffold might have a curative effect due 
to the proliferation and migration of fibro-
blasts. For instance, in addition to the extra-
cellular matrix synthesis, rapid degradation 
of the implanted scaffold was determined; 
thus, in treated groups, there was an early 
improvement in the mechanical function of 
tendon and the signs of lameness subsided 
rapidly (Bellenger, 2003). Moreover, the ad-
dition of PRP acts as a fibrin tissue adhesive, 
which increases the tensile strength of the 
tendon and improved gait (Sarrafian et al., 
2010). Similarly, a recent study indicated the 

effective role of using the PRP for repairing 
digital flexor tendons in rabbits (Sara et al., 
2017). Grossly, adhesion is the most import-
ant clinical concerns in tendon repair, which 
is mainly related to unsuccessful functional 
outcome (Fahie, 2005). The autologous peri-
toneum scaffold augmented with PRP acts 
as a protective shield and contribute to over-
come adhesion with the neighboring tissue; 
consequently, keeping the gliding property 
of the tendon (Kewa et al., 2011; Elenes et 
al., 2012). By comparison with the control 
group, the detected degree of adhesion was 
lesser in the peritoneal scaffold group, which 
allows to earlier return to the functional ac-
tivity of the treated leg (Hajipour, 2016). 

In all groups, histopathological examina-
tion revealed the presence of matured gran-
ulation tissue and inflammatory response in 
the first 15 days with a complete remodel-
ing of injured edges. Besides, there was an 
extension of the fibrous extracellular ma-
trix between the wound edges; furthermore, 
a complete maturation of collagen sheets 
with strength and stretching of wound bor-
ders. The previously described processes 
indicating a completed healing process is 
evident at the extracellular and cellular lev-
els. The healing process might be enhanced 
by growth factors that present in PRP; for 
instance, tumor necrosis factor alfa (Moshi-
ri and Oryan, 2013). Our results in the peri-
toneal scaffold group demonstrated physio-
logical inflammatory reactions rather than 
inflammatory processes against pathogens. 
This observation might be attributed to the 
positive impact of PRP by initiating the 
healing process through activation of the 
inflammatory reaction mediating by inter-
leukin-6 (IL-6). Furthermore, the PRP pro-
motes inflammatory reaction by activation 
of oxygen free radicals that plays an import-
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ant role in the elimination of pathogens from 
the contaminated surgical wound (Sample 
et al., 2018). The effect of PRP might be 
referred to its content of numerous growth 
factors including platelet-derived growth 
factor (PDGF), transforming growth factor-β 
(TGF-β), vascular endothelial growth factor 
(VEGF), epidermal growth factor (EGF), in-
sulin-like growth factor (IGF) and fibroblast 
growth factor (FGF). These factors have the 
potency to initiate and accelerate the healing 
phases through the enhances of angiogene-
sis, cellular mitosis, and formation of new 
sheets of collagen fibers (Najafbeygi et al., 
2017). In this study, PRP treatment demon-
strated complete healing and the affected 
tissue returned to its normal feature. PRP 
contains factors, such as IL-6 and IL-12, 
where these factors found to be influencing 
the transforming of a tendenocyte into a fi-
broblast, which is responsible for remold-
ing precursors of collagen fibers into type I 
collagen fibers (Moshiri and Oryan, 2013). 
Therefore, our results indicated that regener-
ation with the using of PRP is much more ef-
fective than using peritoneal scaffold alone. 
The using of PRP along with peritoneal graft 
might contribute in the remodeling of extra-
cellular matrix components, increase colla-
gen fiber production and deposition, earlier 
granulation tissue maturation and organiza-
tion (Cai et al., 2019; Sarafian et al., 2010; 
Hosgood, 2003).

In all groups, the ultrasonographic exam-
ination exhibited thickening of the treated 
tendon in which continued to be detectable 
to the end of the study. However, thickening 
in the control group was much more than the 
treatment groups, a similar observation was 
previously reported Fredberg and Bolvig 
(2002). Another previous work stated that 
the increased tendon thickness is a conse-

quence of the local inflammation, which is 
usually accompanied by edema (Rumack et 
al., 2005). Recent work suggested that the 
increased tendon size, in both acute and 
chronic tendinopathies, favor sonography 
at the affected site. For instance, the in-
creased tendon size in acute tendinitis is a 
consequence of haemorrhage and edema; 
however, in chronic tendinitis, the presence 
of fibrous tissue, intra-tendinous calcifica-
tion, and degenerative changes, including 
increased proteoglycan content, loss of 
collagen organization and bundling, and 
myxomatous degeneration tend to cause a 
permanent thickening in the affected tendon 
(Macdugall et al., 2018).

Sonographic examination in both the con-
trol group (15 and 30 days post-surgery) and 
in the first and second treated group (15 days 
post-surgery) showed a heterogeneous fiber 
pattern in the course of the tendon. It has 
been suggested that the mottled or heterog-
enous fiber pattern might be associated with 
several disorders such as fiber disruption, in-
tra-tendinous haemorrhage, disorganization 
of collagen fibers after surgery (Rumack et 
al., 2005; Macdugall et al., 2018). Whereas, 
the improved tendon pattern occurs early 
(30 days) in the peritoneal scaffold with the 
PRP group, which indicates that PRP im-
proved the healing process. However, in the 
peritoneal scaffold group, the inflammation 
persisted, evident as small hypoechoic areas, 
even at the 30 days post-surgery. These re-
sults are similar to those reported in a previ-
ous study specified that the injured Achilles 
tendon might return to its normal echogenic-
ity after 29 days of treatment (Chamberlain 
et al., 2013).

The utilizing of peritoneum graft sup-
ported with platelets-plasma rich protein 
(PRP) has a positive impact on acceleration 
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and improvement of Achilles tendon repair. 
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