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ABSTRACT
Introduction: Achilles tendon injury is common in athletic men. Surgical repair is the usual line of management; however, 
other lines of treatment were adopted. Platelet-rich plasma (PRP) contains growth factors that accelerate healing. Pentoxifylline 
(PTX) improves healing by increasing tissue perfusion through vasodilatation.

Objective: The aim of the present work was to elucidate the effect of PRP and PTX either alone or in combination on the 
healing process of injured Achilles tendon in adult male albino rats by histological, morphometric and biomechanical studies.

Materials and Methods: Ninety-five healthy laboratory adult male albino rats. Five rats were used as platelet-rich plasma 
donors. Ninety rats were divided into 5 groups 18 rats each; Group I: control group, Group II: injured untreated group, Group 
III: received local PRP injection into the operation site, Group IV: received daily IM PTX injections, Group V: combination 
group received both PRP and PTX. On day 15, the Achilles tendon of eight rats from each group was dissected. Five tendons 
were used in the light microscopic study and the other three were used in the ultrastructural study by scanning electron 
microscope to assess the structural properties of the tendon. On day 30, the Achilles tendon of ten rats from each group was 
dissected. Five tendons were used for the morphometric study while the other five were used for the biomechanical study to 
assess the functional properties of the tendon.

Results: Combined PRP + PTX treated group V showed better healing results than all other experimental groups both 
histologically and biomechanically. PRP-treated group III showed better healing than PTX-treated group IV which in turn was 
superior to the untreated group II.

Conclusion: There is a benefit of using combined PRP and PTX than either treatment alone in promoting Achilles tendon 
healing post-injury.
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INTRODUCTION                                                                    

Achilles tendon (AT) injury is among the most 
prevalent musculoskeletal injuries generally occurring in 
middle-aged athletic men[1–4]. It has a rate of incidence of 
18 per 10,000 individuals worldwide with a constant rise, 
affecting up to one million athletes each year[5]. It is also 
considered the most encountered tendon injury in the lower 
limb[6].

Sudden violent dorsiflexion of a plantar flexed ankle 
during vigorous exercises is the most commonly reported 
mechanism for Achilles tendon rupture[7]. Owing to the 
hypovascularity and the hypocellularity of tendons, they 
have a limited and inefficient healing capacity. This 
explains the fact that the injured tendon rarely gains 
the original biological and mechanical properties post-
healing[8].

Many surgical and non-surgical treatment options have 
been tried to improve final outcomes both structurally 
and functionally. However, the treatment options are 
usually unsatisfactory and often lead to limitations such as 
delayed return to work and extended periods of inability to 
participate in sports, thus affecting the normal quality of 
life. Therefore, it is beneficial to search for new treatment 
options to expedite recovery and improve tissue repair 
quality[9].

One of the promising used treatments is platelet-rich 
plasma (PRP) injection, being a minimally invasive, cheap, 
simple and effective treatment option[10-12]. Platelet-rich 
plasma is becoming more popular as an adjuvant product 
derived from human blood to possibly improve the healing 
process and modulate inflammation. Since it has shown 
effectiveness in ameliorating various health conditions such 
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as osteoarthritis, skin aging and skin wound healing[6]. In 
addition, PRP was used as an adjuvant treatment option 
for various musculoskeletal injuries including acute tendon 
rupture, ligament sprains, muscle injury and articular 
cartilage injury[13–16].

Despite the fact that there are several published clinical 
research on the applications of PRP in injuries of the 
musculoskeletal system, its efficacy is yet unclear, making 
its use controversial[17,18].

Another promising healing booster is pentoxifylline 
(PTX) which has shown success in promoting healing 
in intractable ulcers, burns and skin wounds. Being a 
vasodilator, it improves peripheral circulation which in 
turn increases tissue perfusion and accelerates the healing 
process. With few reported side effects, it is generally 
tolerated by most of the patients[19,20].

The present work aims to elucidate and compare the 
effect of platelet-rich plasma and pentoxifylline, either 
used separately or in combination, on the healing process 
of induced Achilles tendon injury in adult male albino rats 
by morphometric, histological and biomechanical studies.

MATERIALS AND METHODS                                                     

Materials

Chemicals
• Pentoxifylline (Trentoximal 100 mg/5ml ampoules, 

Alex /Egypharma Co.). 

• Platelet-rich plasma (PRP).

• Ketamine 50 mg/ml (Ketam 50 mg/ml vial, Eipico 
co.) was obtained from Alexandria main university 
hospital’s pharmacy and used for anesthesia.

• Povidone-Iodine solution 10% (Betadine antiseptic 
solution 10%, Mundipharma Co.) used for skin 
disinfection.

• Ceftriaxone sodium 250 mg vial (Ceftriaxone 250 
mg, Sandoz Co.) used for surgical prophylaxis 
against infection.

• Acetaminophen 10 mg/ml vial (Perfalgan 10mg/ml 
vial, BMS Co.) used for postoperative analgesia.

Experimental Animals and treatment

The study was performed on 95 healthy adult male albino 
rats. The rats were provided by the Animal house center, 
Faculty of Medicine, Alexandria University. Their weight 
range was from 200 to 250 g. Before the experiment, the 
animals were given two weeks to acclimatize. They were 
kept under a standard laboratory environment of humidity, 
temperature and 12-hour light/dark cycle. Food and water 
were given to the animals ad libitum during the period of 
the experiment. Guidelines for care and use of animals, 
approved by the Research Ethics Committee, Faculty of 
Medicine, University of Alexandria were followed.

The rats were divided into: (Figure 1)

• Platelet-rich plasma donor group: included five 
rats.

• Experimental study animals: included 90 rats, 
which were divided into five groups, 18 rats each;

Fig. 1: A diagram showing experimental animals and grouping

Group I (Control group): weren’t exposed to any 
procedure.

Group II (Untreated injured group): received local 
normal saline injections into the sutured operation site 
immediately after the operation of Achilles tendon injury, 
followed by intramuscular normal saline injections daily 
for 15 days (8 rats) and 30 days (10 rats).

Group III (PRP group): received a single freshly 
prepared PRP (50 μl) injection into the sutured operation 
site immediately after the operation[21]. 

Group IV (PTX group): received pentoxifylline 
intramuscular injections (100 mg/kg) once daily,[2] starting 
from the day of the operation, for 15 days (8 rats) and 30 
days (10 rats).

Group V (Combined PRP + PTX group): received 
injections of both PRP injection and pentoxifylline 
as previously mentioned in group III and group IV 
respectively.

Methods

Platelet-rich plasma (PRP) preparation
The PRP was prepared at the Department of Medical 

Biochemistry, Faculty of Medicine, Alexandria University. 
Whole blood was obtained from the donor group (five 
adult male albino rats). The blood was centrifugated at 400 
g (relative centrifugal force) for 10 minutes. In another 
tube, the supernatant was transferred and re-centrifugated 
at 800 g for 10 minutes[22]. The upper two thirds of the tube 
(Platelet-poor plasma) were discarded, while the lower 
third was considered as platelet-rich plasma (PRP)[23,24].

Induction of Achilles tendon injury 

Induction of Achilles tendon injury was done under 
general anaesthesia using 10% Ketamine HCL 50 mg/kg 
IM[1]. After shaving the skin of the right hindlimb by a 
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razor, the area of surgery was disinfected using povidone-
iodine. A 1.5 cm longitudinal surgical incision of the skin 
was made over the Achilles tendon. After exposure of 
the Achilles tendon, the plantaris tendon was identified 
and removed using a pair of scissors[9]. A full-thickness 
horizontal incision was performed on the tendon by a 
scalpel 0.5 cm above the calcaneus insertion area[25]. The 
incised tendon was immediately repaired by simple sutures 
and the skin wound was stitched using prolene 4/0 sutures. 
(Figure 2) Postoperative analgesia (acetaminophen 50 
mg/kg SC), prophylactic antibiotic (ceftriaxone 50mg/kg 
IM) and wound care were implemented[1] The day of this 
surgical procedure was considered day 0. Postoperatively, 
the rats were allowed to move freely[1,26].

Fig. 2: Photographs showing steps of induction of Achilles tendon injury. 
A: Skin of right hindlimb was shaved and disinfected with povidone iodine 
B: A 1.5 cm longitudinal incision was made proximal to the calcaneus. C: 
Achilles tendon was identified and dissected. D: A transverse incision was 
made in the tendon 0.5 cm above its insertion. E: The tendon was sutured 
using prolene 4/0 sutures. F: Skin was closed using prolene 4/0

Achilles tendon healing assessment 
On day 15, eight rats from each group were operated 

on under light ether anaesthesia[27] The Achilles tendon 
was dissected and prepared for histological examination. 
Five tendons were used in the light microscopic study 
and the other three were used in the ultrastructural study 
by scanning electron microscope. On day 30, the rest 
ten rats of each group were operated on under light ether 
anaesthesia[27]. The Achilles tendon was dissected and 
prepared for morphometric and biomechanical evaluation. 
Five tendons were used for the biomechanical study while 
the other five were used for the morphometric study.

Histological study
Light microscopic study

To examine the histological changes, 10% neutral 
buffered formalin was used to fix the tendon specimens 
for preparing the paraffin sections[20,28,29]. Sections were 
obtained from paraffin blocks (5 to 6μm-thick) and were 
prepared using standardized tissue processing techniques. 
The stains used were: 

• Hematoxylin and eosin (H & E) stain. 

• Masson’s trichrome stain for assessment of 
collagen fibers density. 

• Alcian blue with Periodic acid-Schiff (PAS) stain 
for assessment of the ground substance.

The samples were scored according to Bonar 
histological grading scale[4]. Four variables were scored in 
the Bonar system: tenocytes, ground substance, collagen 
and vascularity. A four-point scoring system was used, 
from 0 to 3, 0 indicates a normal histological appearance, 
while 3 indicates a severely abnormal one. For each 
specimen, the total score ranged from 0 (normal tendon 
structure) to 12 (the most severe abnormality). It means 
that higher scores indicate poorer tendon healing. Scoring 
was performed by 2 blinded observers[4,29,30]. 

• ImageJ computer software was used to quantify 
the blue color intensity of Masson’s trichrome as 
well as Alcian blue/PAS-stained sections. 

• The data was based on the mean number and 
tabulated. 

Ultrastructural study

Tendon specimens were extracted and fixed by 
immediate immersion in 4F1G (4% formaldehyde and 1% 
glutaraldehyde) in 0.1M buffer of pH 7.2 at 4° C for 2-24 
hours followed by washing the specimens in distilled water 
then dehydration using graded ethanol. The specimens 
were allowed to dry then were coated with gold A in a 
sputter-coating unit (JFC-1100 E). Morphology in the 
coded specimens was examined and photographed by a 
JEOL scanning electron microscope (SEM) (JSM- IT200, 
In Touch Scope Series) at the Electron Microscopy Unit, 
Faculty of Science, Alexandria University[31–33].

Morphometric study
A 2 mm cross-sectional tendon segment was resected 

including the suture line. The tendon segment was 
examined and photographed using Olympus SZ Dissecting 
Stereo Microscope at the department of Human Anatomy 
and Embryology, Faculty of Medicine, Alexandria 
University. Three anthropometric measures of the tendon 
segment were obtained using computer-assisted image 
analysis; the width (w) (maximum mediolateral diameter), 
the thickness (t) (maximum anteroposterior diameter), then 
the cross-sectional area (A) was calculated[34].

Biomechanical study
The tendons and paratenons were excised including 

part of gastrocnemius & soleus muscles proximally and 
the calcaneus distally[28]. All specimens were soaked 
in 0.9% saline solution and kept in the freezer at -20 °C 
till the day of the test[28,35]. On the day of the test, the 
specimens were allowed to thaw at room temperature[27]. 
The tendons’ tensile strength, expressed in Newtons, was 
measured using Mecmesin MultiTest 5-XT Tension and 
Compression Testing System at Materials engineering 
laboratory, Faculty of Engineering, Alexandria University 



1096

EFFECT OF PRP AND PTX ON ACHILLES TENDON INJURY

(Figure 3). The upper and lower jaws of the device were 
applied to the two ends of the specimen. The load value 
was increased by the device at 10 mm/min pulling speed 
till the specimen ruptured. At this point, the load at failure 
(Fmax) was recorded by computer software connected to 
the device[27,28].

Fig. 3: A photograph of Mecmesin MultiTest 5-XT Tension and 
Compression Testing System

Statistical analysis
Data was analyzed using IBM SPSS software package 

version 20.0. Quantitative data was described using range 
(minimum and maximum), mean, standard deviation and 
median. A p-value of <0.05 was considered statistically 
significant. F-test (ANOVA) was used to compare between 
the studied groups for normally distributed quantitative 
variables and Post Hoc test (Tukey) was used for pairwise 
comparisons. Abnormally distributed quantitative 
variables were tested using Kruskal Wallis test to compare 
between the studied groups and Post Hoc (Dunn's multiple 
comparisons test) was used or pairwise comparisons[36,37].

RESULTS                                                                                     

No deaths among experimental animals have been 
recorded.

Histological results
Light microscopic results

H & E stain

Longitudinal sections of normal rat Achilles tendon 
group I (control group) showed uniformly arranged 
slightly wavy collagen fibers packed in tightly cohesive 
well demarcated bundles running parallel to one another 
and to the long axis of the tendon. No blood capillaries 

were identified within the tendon tissue. The paratenon 
is composed of loose areolar connective tissue of 
normal appearance and thickness (Figure 4A). At higher 
magnification, tenocytes were arranged longitudinally and 
appeared spindle shaped with elongated nuclei and without 
obvious cytoplasm. (Figure 4B). Histological sections of 
group II (untreated injured group) at the repair site showed 
distorted tendon tissue architecture, collagen fibers appeared 
running in different directions, numerous tissue gaps were 
recognized in addition to inflammatory cell infiltration was 
seen all over the injury site mainly at the tendon-paratenon 
interface. Areas of hemorrhage, adipocytes infiltration were 
identified. The paratenon appeared with apparently wide 
spaces and infiltrated with mononuclear inflammatory cells                                                                                                                   
(Figure 5A). Higher magnification showed loss of 
demarcation between collagen fibers and clusters of 
capillaries (Figure 5B). Hypercellularity was observed 
where tendon cells aquired rounded nuclei and visible 
cytoplasm (Figure 5B). Sections of group III (PRP group) 
showed mild distortion of tendon tissue architecture. Most 
of the collagen fibers appeared running parallel to each other 
in bundles. Mild inflammatory infiltrate was recognized 
along with few discrete blood capillaries (Figure 5C). The 
paratenon appeared mildly thickened with hypercellularity 
(Figure 5C inset). At higher magnification, collagen fibers 
show increased undulation. Hypercellularity was observed 
and the tendon cells acquired oval shape with oval nuclei 
with visible basophilic cytoplasm (Figure 5D). In group IV 
(PTX group), there was mild distortion of tendon tissue 
architecture. Most of the collagen fibers appeared parallel 
to each other. Mild inflammatory infiltrate was observed 
predominantly at the paratenon-tendon interface (Figure 
6A inset). Numerous discrete capillaries were identified 
(Figure 6A) Evident hypercellularity with tendon cells 
nuclei appearing rounded to oval with barely visible 
cytoplasm was visualized (Figures 6 A,B).  The paratenon 
appeared thickened with scattered capillaries (Figure 6A 
inset). At the repair site of group V (combined group), 
the tendon showed nearly restored tissue architecture 
with minimal distortion. Collagen fibers appeared wavy 
and well-demarcated. Mild inflammatory infiltrate was 
observed (Figure 6C). The paratenon appeared of normal 
thickness with numerous discrete capillaries aligned at 
the paratenon-tendon interface (Figure 6C). At higher 
magnification, collagen fibers appeared well demarcated 
with increased undulation. Hypercellularity was recognized 
with most of the tendon cells acquiring an elongated 
fusiform shape with inconspicuous cytoplasm (Figure 6D). 

Masson’s trichrome stain

Masson’s trichrome staining of normal tendon group I 
(control group) demonstrated organized bundles of parallel 
blue stained collagen fibers. Tenocytes were scanty. No 
visible blood vessels (Figure 7A). Tendon sections of 
group II (untreated injured group) showed distortion of 
normal tendon tissue architecture with faint blue staining 
of collagen fibers. Hypercellularity, tissue gaps, clusters 
of capillaries and adipocyte infiltration were recognized 
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(Figure 7B). Sections of group III (PRP group) showed 
mild distortion of tendon tissue architecture, moderately 
intense blue staining of collagen fibers. Hypercellularity 
and discrete capillaries were seen (Figure 7C). Group IV 
(PTX group) showed mild distortion of normal tendon 
tissue architecture with collagen blue staining of moderate 
intensity. Hypercellularity and numerous discrete 
capillaries were observed (Figure 7D). Group V (combined 
group) showed restored tendon tissue architecture and 
intense blue staining of collagen fibers. Hypercellularity 
and few discrete capillaries were identified (Figure 7E). 
Different studied groups were compared according to 
blue color staining intensity by Masson’s trichrome using 
ImageJ software (Figure 7F).

Alcian blue/PAS stain

Alcian blue/PAS staining of normal tendon (group I) 
showed normal tendon tissue architecture with discrete 
collagen fibers stained red with PAS. Scanty ground 
substance stained blue by Alcian blue could be visualized 
between discrete fibers (Figure 8A). Contrarily, sections 
of group II at the injury site showed evident distortion of 
normal tendon tissue architecture with loss of demarcation 
between collagen fibers and abundant stainable ground 
substance in between (Figure 8B). Stained tendon 
sections of group III showed well-preserved tendon tissue 
architecture with wavy collagen fibers and mild blue 
ground substance in between fibers (Figure 8C). Stained 
tendon sections of group IV showed mild distortion 
of tendon tissue architecture with a moderate Alcian 
blue staining of the ground substance in between fibers                                                    
(Figure 8D). Stained tendon sections of group V showed 
restored tendon tissue architecture with minimal ground 
substance between parallel fibers (Figure 8E). The different 
studied groups were compared according to blue color 
staining intensity by Alcian blue using ImageJ software 
(Figure 8F).

A comparison between the different studied groups 
was performed according to the mean of Bonar score                           
(Table 1, Figure 9).

Electron Microscopic results

Under the scanning electron microscope, the tendon 
tissue segments of group I (control group) showed regular 
alignment of mature collagen fibers in longitudinal 
sections. The fibers were bundled and run parallel to one 
another and to the long axis of the tendon, there was no 
gapping within the tissue between the fibers with absence 
of immature collagen fibers. Cross section showed tightly 
packed collagen bundles with normal fiber thickness and 
density (Figure 10A). On the other hand, longitudinal 
sections of the untreated group II at the repair site showed 
irregular arrangement of the collagen fibers which run 

in different directions as well as the predominance of 
randomly oriented loosely arranged collagen fibers split 
into kinked broken intermingled immature fibers which 
give a lacy appearance. In cross sections the collagen fibers 
appeared thin, sparsely distributed and irregularly arranged 
with abundant spaces between the bundles (Figure 10B). 
In longitudinal section of group III (PRP group), a well-
preserved tendon architecture was observed. The collagen 
fibers acquired a uniform axial orientation. Fibers showed 
a smooth undulated pattern with increased bundling 
and decreased tissue gaps. High mature to immature 
collagen ratio was observed. Increased fiber density and 
thickness were recognized in cross sections. Collagen was 
arranged in packed bundles with minimal gaps in between                                       
(Figure 10C). In group IV (PTX group), the collagen 
fibers began to form an axial arrangement and were 
almost wavelike. There was an increase in the density of 
mature collagen fibers at the expense of immature thin 
lacy collagen fibers. Although gapping was still present 
between the fibers, more packing of fibers into bundles 
have been observed in cross sections as well as increase 
in density and thickness of individual collagen fibers          
(Figure 10D). Sections of group V (combined group) 
showed a well-preserved tendon architecture. The collagen 
fibers acquired a uniform axial orientation. Fibers showed 
a smooth undulated pattern with increased bundling and 
decreased tissue gaps. Mature to immature collagen 
ratio has much increased. Increased fiber density and 
thickness was recognized in cross sections. Collagen was 
arranged in packed bundles with minimal gaps in between                                                                          
(Figure 10E).

Morphometric results
By examining the tendon segments on day 30 under 

the Olympus dissecting microscope, the segments 
appeared round to oval in shape with the paratenon at the 
periphery giving the specimen an irregular outline. The 
difference between groups regarding the general gross 
morphology of the tendon tissue was non-significant. All 
tendon segments attained almost the same width, thickness 
and cross-sectional area. The statistical differences 
between groups were minimal and insignificant (p>0.05)                                                  
(Table 2, Figure 11).

Biomechanical results
At day 30 post-injury, the mean of the recorded 

maximum load values (Fmax) in group V (mean Fmax = 
6.28) was significantly higher than all other injured groups 
and it approached those recorded in the control group I 
(mean Fmax = 7.72). The Fmax values of group III (mean 
Fmax = 5.36) were significantly higher than group IV 
(mean Fmax = 3.78). The mean value of the latter group 
was slightly higher than the untreated injured group II 
(mean Fmax = 3.10) (Table 3, Figure 12).
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Fig. 4: Photomicrographs of normal ratʼs Achilles tendon (control group I) A: Showing normal tendon architecture of uniformly arranged slightly wavy 
collagen fibers packed in tightly cohesive well-demarcated bundles running parallel to each other and to the longitudinal axis of the tendon. B: Tenocytes 
(yellow arrows) are spindle shaped with elongated nuclei. The loose areolar tissue of the paratenon (P) shows normal appearance and thickness. (H&E stain 
Mic. Mag. A X200, B X400)

Fig. 5:  Photomicrographs of ratʼs Achilles tendon at the site of induced injury. A: Untreated injured group (II), showing distorted tissue architecture, increased 
thickness and cellularity of the paratenon (P) with mononuclear inflammatory cellular infiltration at the tendon-paratenon interface (black arrows). The paratenon 
appeared with apparently wide spaces. Note the areas of adipocyte cellular infiltration at (A). Areas of hemorrhage (red arrow) were seen. B: Untreated injured 
group (II) at higher magnification showing loss of demarcation between collagen fibers as well as clusters of capillaries (red arrows). Hypercellularity with 
tendon cells nuclei appear rounded in shape with visible cytoplasm (yellow arrows). C: PRP group (III) showing mild distortion of normal tissue architecture, 
collagen fibers show axialization and run parallel to each other, hypercellularity with cells appearing oval. Few discrete capillaries can be seen (red arrows). 
Inset: paratenon (P) appears moderately thickened with hypercellularity. D: PRP group (III) at higher magnification showing well demarcated deeply stained 
parallel collagen fibers with wavy appearance and slight separation of bundles. Hypercellularity with tendon cells nuclei appear oval in shape with visible 
basophilic cytoplasm (yellow arrows). (H&E stain Mic. Mag. A & C X200, B & D X400, inset X100)
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Fig. 6: Photomicrographs of ratʼs Achilles tendon at the site of induced injury. A: PTX group (IV) showing mild distortion of normal tissue architecture, 
evident hypercellularity with numerous scattered capillaries (red arrows). Inset: Paratenon (P) appears edematous with hypercellularity and multiple scattered 
capillaries. B: PTX group (IV) at higher magnification showing well demarcated parallel collagen fibers with wavy appearance. Hypercellularity is seen with 
tendon cells nuclei appear oval to rounded in shape with small amount of cytoplasm (yellow arrows). C: PRP + PTX group (V) showing well restored tendon 
tissue architecture. Collagen fibers are tightly cohesive running parallel to each other and to the longitudinal axis of the tendon. Paratenon (P) appears of normal 
thickness. Hypercellularity with numerous discrete capillaries aligned at the paratenon-tendon interface (red arrows). D: PRP + PTX group (V) at higher 
magnification showing well demarcated parallel collagen fibers with wavy appearance. Hypercellularity with tendon cells nuclei appear pale oval to fusiform 
in shape with conspicuous cytoplasm (yellow arrows). (H&E stain Mic. Mag. A & C X200, B & D X400, inset X100)
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Fig. 7: Photomicrographs of ratʼs Achilles tendon A: Control group (I) near the paratenon showing intense regular collagen staining. Collagen fibers are 
arranged in tightly cohesive well demarcated bundles. B: Untreated injured group (II) at site of induced injury showing low staining intensity of collagen, loss 
of normal tendon tissue architecture where collagen fibers run in different directions with loss of demarcation between them. Note the inflammatory infiltrate 
(black arrows) and adipose infiltration (A). C: PRP group (III) showing increased staining intensity of collagen, mild distortion of tissue architecture with 
evident hypercellularity. Few discrete capillaries can be seen (red arrows). D: PTX group (IV) showing increased staining intensity of collagen, mild distortion 
of tissue architecture with unclear demarcation between collagen fibers. Evident hypercellularity was recognized. Note the numerous discrete capillaries (red 
arrows). E: PRP + PTX group (V) showing increased staining intensity of collagen with apparent restoration of the normal architecture. Slight separation of 
individual collagen fibers but maintained well demarcated bundles was noticed. Few Discrete capillaries can be seen (red arrows). F: A bar chart showing 
comparison between different studied groups according to blue color staining intensity by Masson’s trichrome using ImageJ software.  (Masson’s trichrome 
stain Mic. Mag. X200)
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Fig. 8: Photomicrographs of ratʼs Achilles tendon. A: Control group (I) showing normal tendon tissue architecture with scanty blue stainable ground substance 
between discrete collagen fibers. B: Untreated injured group (II) at the site of induced injury showing distorted tendon tissue architecture with loss of 
demarcation between collagen fibers. Abundant ground substance was stained blue with Alcian blue between fibers. C: PRP group (III) showing well-preserved 
tendon tissue architecture with wavy appearance of collagen fibers. Mild blue staining of ground substance can be visualized between fibers. D: PTX group 
(IV) showing moderate blue staining of ground substance between collagen fibers. Tendon tissue architecture is mildly distorted. E: PRP + PTX group (V) 
showing well-preserved tissue architecture with discrete parallelly organized collagen fibers. Faint blue staining of ground substance appears within the tendon 
tissue and accentuated at the paratenon (P). Black arrows point to collagen fibers, yellow arrows point to Alcian blue-stained ground substance. F: A bar chart 
showing comparison between different studied groups according to blue color staining intensity by Alcian blue using ImageJ software. (Alcian blue/PAS stain 
Mic. Mag. X200)
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Fig. 9:  A bar chart showing comparison between the different studied groups according to mean of Bonar Score

Fig. 10: Electron photomicrographs of ratʼs Achilles tendon. A: Control group (I) showing regular arrangement of parallel mature collagen fibers in bundles 
with no gaps in longitudinal section. Collagen fibers appear tightly bundled with normal thickness and density in cross section (inset). B: Untreated injured 
group (II) showing abundant randomly oriented loosely arranged collagen fibers split into kinked broken intermingled immature fibrils running in different 
directions giving a lacy appearance with loss of normal tendon architecture. Collagen fibers appear sparse with much gapping between bundles in cross section 
(inset). C: PRP group (III) showing increased axialization of collagen fibers arranged in uniform undulated bundles with increase mature to immature collagen 
ratio. Collagen bundles appear dense and more packed with less tissue gaps in cross section (inset). D: PTX group (IV) showing collagen fibers began to acquire 
an axial arrangement. More high-density mature collagen fibers arranged in bundles is observed with less tissue gaps between bundles in cross section (inset). 
Other fibers appear thin and have a reticular arrangement. E: PRP + PTX group (V) showing collagen fibers with evident axialization and bundling. Collagen 
bundles appear undulated and tightly packed with increased fiber density and minimal tissue gaps in cross section (inset). (Mic. Mag. X5000, inset X5000)
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Fig. 11:  A: A bar chart showing comparison between the different studied groups according to mean of t (mm). B: A bar chart showing comparison between the 
different studied groups according to mean of w (mm). C: A bar chart showing comparison between the different studied groups according to mean of A (mm2)

Fig. 12:  A bar chart showing comparison between the different studied groups according to mean of Fmax
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Table 1: omparison between the different studied groups according to Bonar score.

Bonar score Group I (n = 5) Group II (n = 5) Group III (n = 5) Group IV (n = 5) Group V (n = 5) Test of Sig. p

Tenocytes

Min. – Max. 0.0 – 0.0 2.0 – 3.0 1.0 – 2.0 2.0 – 2.0 1.0 – 2.0
H= 20.021* <0.001*

Mean ± SD. 0.0 ± 0.0 2.60 ± 0.55 1.40 ± 0.55 2.0 ± 0.0 1.20 ± 0.45

p1 <0.001* 0.034* 0.001* 0.082

p2 0.042* 0.379 0.016*

Sig. bet. grps. p3=0.250,p4=0.701,p5=0.125

Ground substance

Min. – Max. 0.0 – 0.0 2.0 – 3.0 0.0 – 1.0 1.0 – 2.0 0.0 – 1.0
H= 19.317* 0.001*

Mean ± SD. 0.0 ± 0.0 2.60 ± 0.55 0.80 ± 0.45 1.20 ± 0.45 0.40 ± 0.55

p1 <0.001* 0.083 0.014* 0.386

p2 0.020* 0.110 0.001*

Sig. bet. grps. p3=0.465,p4=0.386,p5=0.110

Collagen

Min. – Max. 0.0 – 0.0 2.0 – 3.0 1.0 – 2.0 1.0 – 2.0 1.0 – 1.0
H= 20.539* <0.001*

Mean ± SD. 0.0 ± 0.0 2.60 ± 0.55 1.20 ± 0.45 1.40 ± 0.55 1.0 ± 0.0

p1 <0.001* 0.019* 0.006* 0.051

p2 0.034* 0.085 0.012*

Sig. bet. grps. p3=0.696,p4=0.696,p5=0.434

Vascularity

Min. – Max. 0.0 – 0.0 2.0 – 3.0 2.0 – 3.0 2.0 – 3.0 2.0 – 3.0
H= 16.181* 0.003*

Mean ± SD. 0.0 ± 0.0 2.20 ± 0.45 2.60 ± 0.55 2.80 ± 0.45 2.80 ± 0.45

p1 0.048* 0.004* 0.001* 0.001*

p2 0.351 0.162 0.162

Sig. bet. grps. p3=0.641,p4=0.641,p5=1.000

Score

Min. – Max. 0.0 – 0.0 9.0 – 11.0 5.0 – 7.0 7.0 – 8.0 5.0 – 6.0
F= 129.89* <0.001*

Mean ± SD. 0.0 ± 0.0 10.0 ± 1.0 6.0 ± 1.0 7.40 ± 0.55 5.40 ± 0.55

p1 <0.001* <0.001* <0.001* <0.001*

p2 <0.001* <0.001* <0.001*

Sig. bet. grps. p3=0.043*,p4=0.685,p5=0.002*

SD: Standard deviation                         H: H for Kruskal Wallis test, Pairwise comparison bet. each 2 groups was done using Post Hoc Test (Dunn’s for multiple 
comparisons test)                              F: F for ANOVA test, Pairwise comparison bet. each 2 groups was done using Post Hoc Test (Tukey)             p: p value for 
comparing between the different studied groups                            p1: p value for comparing between Group I and each other groups                    p2: p value for 
comparing between Group II and each other groups                   p3: p value for comparing between Group III and Group IV              p4: p value for comparing 
between Group III and Group V                      p5: p value for comparing between Group IV and Group V                          *: Statistically significant at p ≤ 0.05

Table 2: Comparison between the different studied groups according to morphometric study.

Morphometric Subgroup IA (n = 5) Subgroup IB (n = 5) Group II (n = 5) Group III (n = 5) Group IV (n = 5) F p

t (mm)

Min. – Max. 4.07 – 5.29 4.33 – 5.64 4.52 – 5.86 4.11 – 5.94 4.08 – 5.76
0.202 0.935

Mean ± SD. 4.67 ± 0.52 4.95 ± 0.57 4.92 ± 0.54 4.96 ± 0.68 4.82 ± 0.69

w (mm)

Min. – Max. 5.66 – 7.31 5.94 – 7.19 5.05 – 7.25 5.48 – 7.03 5.37 – 7.46
0.230 0.918

Mean ± SD. 6.39 ± 0.69 6.38 ± 0.55 6.01 ± 0.94 6.20 ± 0.59 6.24 ± 0.79

A (mm2)

Min. – Max. 16.85 – 24.94 17.19 – 24.22 16.74 – 24.98 16.93 – 25.03 17.77 – 24.31
0.046 0.996

Mean ± SD. 20.26 ± 3.26 20.30 ± 2.78 20.60 ± 3.20 20.91 ± 3.33 20.82 ± 2.70

SD: Standard deviation                        F: F for ANOVA test            p: p value for comparing between the different studied groups
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DISCUSSION                                                                            

In the present work assessment of the effect of PRP 
and PTX either alone or in combination on the healing 
of acute Achilles tendon injury following surgical repair 
in adult male Albino rats was done. To the best of our 
knowledge, it is the first time in which the effect of both 
treatments combined was evaluated. A standard rat model 
of Achilles tendon injury was performed including ex vivo 
mechanical and histological assessments as well as in 
vivo functional assays to target both pre- and post-injury 
differences[9,27,38]. Surgical repair was done prior to PRP 
or PTX administration to simulate the actual management 
guidelines for acute Achilles tendon injury, where the 
mainstay treatment is surgical repair since conservative 
treatment usually resulted in  higher re-rupture rates when 
compared to operative repair[39,40]. 

A single dose of PRP (at the site of injury) was injected 
immediately following surgical repair which was proven 
previously by Parafioriti et al.[41] to provide faster and more 
efficient healing when compared to delayed injection[42].

In the present study, based on both histological and 
morphometric findings, there was a marked improvement 
in the tendon structure following treatment with PTX and/
or PRP when compared with the group that didn’t receive 
any adjuvant treatment following surgical repair (group 
II).  In addition, our study also suggested that the most 
significant effect on the healing of the acutely injured 
tendon was achieved when combining PTX with PRP 
following the standard surgical repair procedure. Structural 
improvement was further supported functionally by the 
biomechanical results.

Generally, tendons undergo healing through three 
overlapping phases, the first being the inflammatory phase 
which lasts from 1-7 days. This phase is characterized 
by inflammatory cell migration such as neutrophils and 
macrophages. The second phase is the proliferative phase 
which lasts for two weeks on average. It is characterized 
by tenoblastic migration. Tenoblasts are active tendon cells 
that are responsible for synthesis of collagen, proteoglycans 
and extracellular matrix[43]. Finally the remodeling phase 
which usually starts from the 3rd to 4th week onwards[44,45]. 
The 15th day post-injury was chosen in the present study 
to assess the healing process histologically since PRP 

and PTX affect healing in the early two phases of healing 
according to previous studies[10,27].

Postoperatively, the rats were allowed to move freely 
in the present study since early voluntary mobilization has 
been shown to improve tendon healing in the early stage 
by increasing migration of inflammatory cells. Moreover, 
in the late phase, the tendons exhibited a more mature 
structure with fiber bundles arranged parallelly with 
interposed tenocytes when compared to the immobilized 
group[46,47]. 

Regarding assessment of the histological changes, most 
studies described histological parameters subjectively 
which may result in uncertainty and difficulty in data 
comparison. That’s why Bonar scale, together with 
morphometric analysis, were used in this study to quantify 
the histological findings and render the interpretation of the 
results easier and more objective. The variables of Bonar 
score include tenocytes morphology, ground substance, 
collagen, and vascularity. Scoring system was performed 
by two blinded observers[48].

In the present work, hypercellularity as well as 
increased tenoblastic activity manifested by rounded nuclei 
and basophilic cytoplasm (denoting cellular activity) were 
evident in the treated groups but with variable degrees 
being the most prominent in the PRP-treated groups. This 
increase in tenoblast population is a possible result of the 
rich content of growth factors in PRP such as platelet-
derived growth factor (PDGF), epidermal growth factor 
(EGF), fibroblast growth factor (FGF), transforming 
growth factor beta 1 (TGFβ1), insulin-like growth factor 
1 and 2 (IGF-1 & IGF-2), vascular endothelial growth 
factor (VEGF), basic fibroblast growth factor (bFGF) and 
hepatocyte growth factor (HGF)[28,49]. These factors bind 
to their specific transmembrane receptors activating an 
intracellular signal protein which results in the expression of 
a gene sequence that initiates cellular division[23].  This was 
in agreement with other studies, which indicated that upon 
injecting PRP in the tendon lesion, the local proliferation 
of the platelet-rich fibrin scaffold provided hemostasis 
and allowed the slow delivery of cytokines and growth 
factors from platelets and plasma[50–52]. This molecular pool 
influences the different stages of regeneration outlined as 
apoptosis/necrosis, innate immune response, angiogenesis, 
cell proliferation and differentiation and tissue remodeling 

Table 3: Comparison between the different studied groups according to biomechanical Fmax.

Biomechanical Fmax (N) Group I (n = 5) Group II (n = 5) Group III (n = 5) Group IV (n = 5) Group V (n = 5) F p

Min. – Max. 7.10 – 8.20 2.80 – 3.50 3.50 – 4.0 4.80 – 6.0 5.90 – 6.80
129.43* <0.001*

Mean ± SD. 7.72 ± 0.43 3.10 ± 0.26 3.78 ± 0.19 5.36 ± 0.49 6.28 ± 0.37

p1 <0.001* <0.001* <0.001* <0.001*

p2 0.057 <0.001* <0.001*

Sig. bet. grps. p3<0.001*,p4<0.001*,p5=0.006*

SD: Standard deviation                                         F: F for ANOVA test, Pairwise comparison bet. each 2 groups was done using Post Hoc Test (Tukey)                             
p: p value for comparing between the different studied groups                           p1: p value for comparing between Group I and each other groups      p2: p value 
for comparing between Group II and each other groups        p3: p value for comparing between Group III and Group IV                          p4: p value for comparing 
between Group III and Group V             p5: p value for comparing between Group IV and Group V                         *: Statistically significant at p ≤ 0.05  



1106

EFFECT OF PRP AND PTX ON ACHILLES TENDON INJURY

leading to diminished pain and swelling, and improved 
function that decreases the time required for restoration 
and rehabilitation[53,54].

The present study showed a smaller number of mature 
tenocytes in the PTX-only-treated group than in PRP-
treated groups, but still higher than the untreated group 
because PTX also increases the levels of TGFs such as 
bone morphogenetic protein 4 (BMP-4)[2]. The tendon cells 
showed more rounding of their nuclei than those in the 
PRP-treated groups (mean Bonar score = 2). The increased 
number of migrating tenoblasts caused the proliferative 
phase to be early initiated and the deposition of collagen 
fibers to increase. As a result, the remodeling phase also 
began earlier than in the injured untreated group.

In another study by Şahin et al.[2], who used PTX as 
a healing booster, no significant difference in fibroblastic 
activity was identified between PTX-treated group and 
control group two weeks post-injury; however, the PTX 
group had a higher regular collagen fibers percentage.

Another element that possibly contributed to the 
hypercellularity observed in all groups, especially the 
PRP-treated groups is the possible activation of tendon-
derived stem cells (TDSCs), which account for 1–4 % of 
all nucleated tendon cells[55,56].

TDSCs are pluripotent cells that have been shown to 
differentiate into tissues like tendon, cartilage, bone, and 
tendon-bone junctions in animal models as well as into 
tenocytes, adipocytes chondrocytes, and osteocytes upon 
induction[56,57]. 

TGF-β has been shown to share in tendons development 
and healing. Thus, it is suggested that the TGF signaling 
pathway is responsible for TDSCs fate through the 
induction of Sclertaxis (Scx) expression, which has 
been proved as one of the main regulators of tendon 
development[55]. Since PRP is rich in growth factors among 
which TGF-β family is present. So, it is hypothesized that 
PRP plays a role in stimulating the tendon stem cell niche, 
possibly contributing to better healing results in the PRP-
treated groups.

In the present study, increased thickness of the paratenon, 
hypercellularity and neovascularization especially at the 
tendon-paratenon interface was observed in all the treated 
groups. This can be explained by the role of paratenon and 
paratenon-derived cells (PDCs) in the healing process[58]. 
Similar observations were found by Imai et al.[59] who 
suggested that during the initial phase of tendon repair, in 
vitro PRP therapy improved the tendon-healing properties 
of PDCs. They observed that PRP significantly enhanced 
the migration of PDCs to the injury site which accelerated 
healing in comparison to the untreated group.

Increased number of capillaries or neovascularization 
was observed in all groups that received treatment but 
was most evident in the PTX and combined group. This 
significant increase in neovascularization demonstrated in 
the PTX-treated groups could be attributed to PTX growth 

factor stimulation, especially VEGF, which in turn may 
result in the acceleration of tendon healing[2,19].  In addition, 
PTX is a non-specific phosphodiesterase inhibitor that 
increases intracellular cyclic adenosine monophosphate 
(c-AMP) levels by inhibiting its breakdown by phospho-
diesterases (PDEs)[60]. This effect improves tissue perfusion 
through vasodilatation, decreasing plasma viscosity thus 
improving vascularity of injured tissue[19]. 

PRP promoted neovascularization especially in the 
early phase of tendon healing, where scattered capillaries 
have been observed in group III especially at the tendon-
paratenon interface (mean Bonar score = 2.6). This can be 
explained by the liberation of stored angiogenetic factors 
from the activated platelets. Similar results were reported 
by Genç et al.[61] who identified that low-perfusion areas 
like Achilles tendons benefit greatly from VEGF.

In the present study, an increase in inflammatory cell 
migration, tissue gaps, as well as thickening and edema 
of paratenon in the untreated injured group was observed 
compared to the treated groups due to the prolongation of 
the inflammatory phase in the untreated group. Meanwhile, 
the decreased inflammatory cellular infiltration observed 
in the treated groups could be due to the anti-inflammatory 
effect of both PRP and PTX through blocking inflammatory 
actions of interleukin-1 (IL-1) and tumor necrosis factor-
alpha (TNF-α) on neutrophils[62]. The inflammatory cell 
infiltration in the tendon tissue and the paratenon was 
much less in the PRP group than in PTX group. Moreover, 
the paratenon edema proved by the presence of tissue gaps 
between fibers was marked in the PTX-treated group more 
than the PRP-treated groups. Consequently, PRP has shown 
to be superior to PTX in its anti-inflammatory effect.

Another key event in the pathological process of tendon 
injury is lipid infiltration and adipocyte accumulation and 
may thereby increase the risk of tendon rupture in clinical 
practice. Hence, it is important to inhibit adipogenesis and 
accumulation of lipids in order to restore the structural and 
functional properties of the injured tendon[63]. In the present 
study, Adipocyte infiltration was obviously detected in 
the untreated group indicating the active pathological 
process and poorer healing. This adipose infiltration was 
almost absent in the treated groups either by PTX, PRP or 
combined. This gives another evidence of the improvement 
in the healing process using these treatments. 

The regenerative potential of PRP & PTX was further 
supported by Masson’s Trichrome stain results that 
revealed an improvement in the distribution of collagen 
fibers and intensity of staining in all treatment groups and 
were almost back to normal in the combined group. This 
can be explained by the fact that the growth factors in the 
PRP boost healing and regeneration through stimulation of 
cellular signaling pathways that promote angiogenesis, cell 
proliferation, cell differentiation, and matrix formation[41,42].

 Regarding the histological assessment of PTX effect on 
Achilles tendon injury, the present study showed positive 
effects of PTX on the healing process of the injured 
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tendons. In a previous study performed by Palabıyık                                          
et al.[20], PTX showed favorable results of modified Movin 
& Bonar scoring system when compared to the control in 
terms of vascularity, inflammation, collagen organization, 
chondroid metaplasia, osseous metaplasia, hyalinization 
and round cells. This effect is mainly due to that PTX 
increases the levels of BMP-4 which plays an important 
role in the tendon healing process. Moreover, PTX inhibits 
the inflammatory process by reducing TNF-α, IL-1 and 
IL-6 levels[64].

In the present study, a combined Alcian blue/PAS 
staining technique was used to stain the ground substance 
between collagen fibers. PAS was used as a counter stain 
to allow better visualization of the stained matrix[65]. 
According to Bonar score, the higher the intensity of the 
Alcian blue stain, the less the healing of the tendon[48]. 
PRP-treated groups showed minimal ground substance 
deposition between fibers (mean Bonar score = 0.8) when 
compared to untreated group.

Scanning electron microscope (SEM) results came in 
accordance with Masson’s trichrome results. PRP-treated 
groups showed more deposition of mature collagen, 
axialization of collagen fibers, and less tissue gaps than all 
other experimental groups. On the other hand, untreated 
group II showed thin randomly oriented branched 
loosely arranged immature collagen fibers giving a lacy 
appearance. During the proliferative phase of healing, 
tenoblasts secrete immature collagen type III fibers which 
are replaced by collagen type I during the remodeling 
phase[43,45,66]. 

Scanning electron microscope examination of PTX-
treated group despite showing superior results to untreated 
positive control group in terms of collagen axialization, 
mature to immature collagen ratio and tissue gaps, it was 
still inferior to the PRP-treated groups. 

Regarding assessment of the combined treatment, 
group V showed better histological features than either 
treatment alone. There was an evident restoration of 
normal tissue architecture superior to all other treated 
groups approaching the control group. Collagen fibers 
appeared well organized and axialized in H & E sections 
(mean Bonar score = 1). This was confirmed by Masson’s 
trichrome and SEM. There have been minimal tissue 
gaps between fibers. Inflammatory cell infiltration was 
minimal. Hypercellularity was significant with tendon 
cells nuclei appearing more fusiform to spindle in shape 
(mean Bonar score = 1.2). Minimal ground substance 
deposition between fibers denoting better healing (mean 
Bonar score = 0.4). Neovascularization was evident at 
tendon paratenon interface (mean Bonar score = 2.8). The 
mean of the overall Bonar score was 5 which is less than 
all other treated groups. All these observations denote that 
combined treatment PRP and PTX has a potentially better 
healing effect on injured Achilles tendon. 

The gross morphological assessment in the present 
study showed statistically non-significant differences 

between the treated groups and the control group regarding 
the tendon width, thickness and cross-sectional area at 
day 30 post-injury. These results agree with that of Kaux 
et al.[67]. since the cross-sectional area of tendons in the 
control group was similar to that of PRP-treated group 
30 days post-injury. Similar results were obtained from 
another study where tendon diameter in PRP-treated 
groups had a slight increase compared to the control group, 
however, these changes weren’t significant[68]. Based 
on this evidence, we can conclude that morphological 
assessment alone is not a reliable tool to assess healing.

In the present work, biomechanical test was performed 
on the 30th day post-injury to allow enough remodeling of 
the injured tendons to withstand the tension force. Tendons 
treated with PRP and PTX show superior biomechanical 
properties in terms of tensile strength and load to failure 
(Fmax). This proves the better remodeling of the treated 
tendons over the control. A combination of both PTX and 
PRP had a better result than either alone, which proves 
a synergism between these two treatments for better 
functional outcomes post-healing.

The obtained results from the present study agree with 
that of YükSel et al.[27] where Fmax values of the PRP-
treated group approached those of the control 30 days post-
injury. Moreover, in the study performed by Takamura 
et al.[2], PTX-treated group showed higher maximum 
rupture force as well as higher maximum displacement 
than in the control group. Contrarily, Genç et al.[61] found 
that biomechanical analyses did not reveal significant 
differences between treated groups. The same result was 
obtained in the study performed by Circi et al.[42] This 
controversy could be explained by the small sample size 
used in these previously mentioned studies.

CONCLUSION                                                                      

There is a significant benefit of using PRP and PTX 
either alone or in combination in promoting Achilles tendon 
healing post-injury. PTX has shown to be of significant 
value both histologically & biomechanically in boosting 
the healing process in acute Achilles tendon injury; 
however, it was less effective than PRP. Combination of 
both treatments is of a better value than either treatment 
alone which suggests a synergistic effect between both 
treatments. The difference between groups regarding the 
gross morphology of the tendons post-healing is non-
significant.
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الملخص العربى

تأثير البلازما الغنية بالصفائح و / أو البنتوكسيفيلين على إصابة وتر العرقوب المستحثة 
تجريبيا في ذكور الجرذان البيضاء البالغة  

ادهم عبد الرحمن١، سلوي سعيد السبع١، ايمان العزب بحيري العزب١، سالي محمود محمد حسين عمر١، 
دينا محمد رستم٢

١قسم التشريح الأدمي وعلم الأجنة، ٢قسم الهستولوجيا وبيولوجيا الخلية - كلية الطب - جامعة الاسكندرية

الخلفية: تعد إصابة وتر العرقوب شائعة جداً لدى الرجال الرياضيين في منتصف العمر. يعد الإصلاح الجراحي هو 
الدموية على  بالصفائح  الغنية  البلازما  تحتوي  للعلاج.  أخري  اساليب  اعتماد  تم  ذلك،  الأنسب، ومع  العلاجي  الخيار 
عوامل نمو و التي تساهم في اسراع عملية التئام و تجدد الانسجة. يحسن البنتوكسيفيلين التئام الأنسجة من خلال توسيع 

الأوعية الدموية و زيادة تدفق الدم، بالإضافة الي خواصه المضادة للالتهاب.
الهدف: كان الهدف من هذا البحث هو دراسة تأثير البلازما الغنية بالصفائح الدموية والبنتوكسيفيلين اما بمفردهما او معا 
على عملية التئام وتر العرقوب المصاب في ذكور الجرذان البيضاء البالغة من خلال الدراسة النسيجية و المورفولوجية 

و الميكانيكية الحيوية.
المواد وطرق البحث: خمسة وتسعون من ذكور الجرذان البيضاء البالغة. تم استخدام خمسة جرذان كمانحين للبلازما 
الغنية بالصفائح الدموية. تم تقسيم تسعين جرذاً إلى ٥ مجموعات ١٨ جرذا لكل مجموعة. المجموعة الاولي: المجموعة 
الضابطة، المجموعة الثانية: المجموعة الغير معالجة، المجموعة الثالثة: تلقت حقنا موضعيا من البلازما الغنية بالصفائح 
الدموية في مكان الجراحة، المجموعة الرابعة: تلقت حقن عضلي للبنتوكسيفيلين يوميا، المجموعة الخامسة: تلقت كلا 

العلاجين البلازما الغنية بالصفائح الدموية و البنتوكسيفيلين.
في اليوم الخامس عشر، تم تشريح وتر العرقوب لثمانية جرذان من كل مجموعة. تم استخدام خمسة أوتار في الدراسة 
المجهرية الضوئية، واستخدمت الثلاثة الأخرى في دراسة البنية الدقيقة عن طريق المجهر الإلكتروني الماسح. في اليوم 
الثلاثين، تم تشريح وتر العرقوب لعشرة جرذان من كل مجموعة. تم استخدام خمسة أوتار في الدراسة المورفولوجية، 

بينما تم استخدام الخمسة أوتار الأخرى في الدراسة الميكانيكية الحيوية لدراسة الخواص الوظيفية للوتر.
النتائج: أظهرت المجموعة الخامسة المعالجة بالبلازما الغنية بالصفائح الدموية والبنتوكسيفيلين نتائج التئام أفضل من 
جميع المجموعات التجريبية الأخرى من الناحية النسيجية والميكانيكية الحيوية. كما أظهرت المجموعة الثالثة المعالجة 
بدورها  بـالبنتوكسيفيلين والتي كانت  المعالجة  الرابعة  المجموعة  التئاما أفضل من  الدموية  بالصفائح  الغنية  بالبلازما 

متفوقة على المجموعة الثانية الغير معالجة.
الاستنتاج: هناك فائدة ذات دلالة إحصائية من استخدام البلازما الغنية بالصفائح الدموية و البنتوكسيفيلين معاً افضل من 

كل منهما بمفرده في تعزيز التئام وتر العرقوب بعد الإصابة.


