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Abstract  

ENDON repair remains a significant clinical challenge due to the slow rate healing process. 

While both platelet rich plasma (PRP) and amniotic membrane (AMNIO) therapies have been 

individually utilized for promoting tendon regeneration, their combined effects are still largely 

unexplored. Achilles tendon injuries were induced in 48 male New Zealand white rabbits and treated 

with one of four interventions: control (CTRL), PRP injection, AMNIO wrap, or a combination of 

PRP and AMINO (PRP+AMNIO). Tendon healing was assessed at 4-, 8-, and 12-weeks post-surgery 

using macroscopic evaluation and histological analysis, including hematoxylin and eosin (H&E) and 

Masson’s trichrome staining to evaluate collagen deposition, inflammation, and tissue morphology. 

All data were statistically analyzed. The PRP+AMNIO group demonstrated superior tendon healing 

compared to CTRL, PRP, and AMNIO groups. Macroscopic evaluation revealed a significantly 

improved tendon structure in the PRP+AMNIO group, showing 5.5-, 5-, and 4.7-fold improvements 

compared to the CTRL group at weeks 4, 8, and 12, respectively (p<0.0001). Compared to the CTRL 

group, the PRP+AMNIO group showed reduced inflammation and hemorrhage, with reduction of up 

to 7.5-fold (p<0.0001). Collagen fiber linearity significantly improved in the PRP+AMNIO group by 

week 12, with a 5.7-fold increase compared to the CTRL group (p=0.0007). Moreover, the 

PRP+AMNIO group exhibited significantly higher collagen deposition than the PRP and AMNIO 

groups alone at weeks 8 and 12 (p<0.0001). In conclusion, compared to the control group, the 

combination of a-PRP injection with AMNIO wrap improves rabbit Achilles tendon recovery by 

reducing inflammation, promoting collagen deposition, and enhancing tendon morphology. 

Keywords: Achilles Tendon Injury; Collagen Deposition, Platelet Rich Plasma, Inflammation, 

Regenerative Medicine. 

 

Introduction  

Tendon injuries are common and challenging 

conditions that often lead to prolonged healing times 

and incomplete recovery [1]. Due to a lack of cells 

and low growth factor activity, the healing process of 

injured tendons is frequently longer and weaker in 

the early stages [2]. Despite advancements in 

medical treatment, effective therapeutic interventions 

to accelerate tendon repair remain limited.  

Platelet-rich plasma (PRP) therapy has been 

widely used in regenerative medicine due to its 

ability to deliver concentrated growth factors directly 

to the injury site, promoting tissue regeneration and 

reducing inflammation [3,4]. Moreover, PRP can 

simulate the healing process by promoting the 

production of an extracellular matrix rich in type I 

collagen [5]. In an experimental study by Bosch et 

al., autologous PRP significantly enhanced tendon 

repair and improved both structural properties and 

blood flow, as observed through ultrasonography [6]. 

Additionally, the combination of PRP and tendon 

stem cells (TSCs) has been shown to synergistically 

enhance tendon healing, particularly under loaded 

conditions [7]. 

Preclinical studies have demonstrated PRP's 

ability to stimulate tendon healing processes, 

improve fiber organization, and increase tensile 
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strength [8,9]. An in-vitro research has shown that 

PRP treatment can increase cell proliferation and 

growth factor expression in tendon models [10].  

Clinically, PRP has been applied to various 

tendinopathies, including Achilles, patellar, and 

elbow, as well as rotator cuff lesions [11]. While 

some clinical trials have reported improvements in 

pain control and function, others have found no 

significant differences compared to controls [4].  

Amniotic membrane (AMNIO) also has shown 

promising results in promoting tendon healing and 

preventing adhesion. Studies have demonstrated that 

AMNIO enhances the maturation of fibroblasts and 

collagen fibers, improving the material properties of 

lacerated tendons in early healing stages [12]. When 

incorporated into collagen scaffolds, AMNIO 

exhibits immunomodulatory effects, downregulating 

pro-inflammatory cytokine expression in 

mesenchymal stem cells13. Composite silk scaffolds 

with AMNIO wrapping accelerate cellular migration 

and angiogenesis in neotendons [14].  

In a clinical trial, freeze-dried AMNIO 

transplantation significantly improved the range of 

motion and reduced complications in flexor tendon 

repairs compared to control and poly-DL-lactic acid 

treatments [15,16].  

Moreover, AMNIO is not limited to serving as a 

protective barrier or bandage; its high concentration 

of regenerative factors makes it highly effective in 

promoting tissue regeneration. Studies have shown 

that solubilized AMNIO, when combined with 

materials like hyaluronic acid, enhances tissue 

healing, emphasizing its broader potential in 

regenerative medicine beyond simple covering 

applications [17-20]. 

While both PRP and AMNIO have been 

individually utilized in several studies for tendon 

repair, no study to date has explored the potential 

benefits of combining these two traditional 

techniques. This study aims to fill that gap by 

investigating the synergistic effects of PRP and 

AMNIO in promoting tendon healing, providing a 

novel approach to an age-old challenge. 

Material and Methods 

Ethical approval 

The study protocol was approved by the Institutional 

Animal Care and Use Committee (IACUC) of 

Alexandria University, Egypt (approval number 

AU0132201111114). 

Animals 

This study was conducted on 48 mature fully 

vaccinated male New Zealand white rabbits, about 

three months old and weighing 2.5-3 kg. Animals’ 

health was checked and housed in a separate cage 

under the same environmental condition. The animal 

was acclimatized to the experiment place for 2 weeks 

before surgery, with Light/ dark cycle 12-12hrs and 

free access to water and commercial diet ad libitum. 

Sample size calculation  

The sample size used in this study was guided by 

previously published rabbit models investigating 

tendon healing with PRP or amniotic membrane 

applications. Notably, studies such as Yang et al. 

[12] and Zukawa et al. [21] utilized comparable 

experimental group sizes, providing a solid basis for 

our design. Zukawa et al. employed 12 experimental 

groups in a rabbit flexor tendon model, while Yang 

et al. assessed tendon healing outcomes following 

amniotic membrane transplantation. 

To ensure adequate statistical power and account for 

biological variability, sample size was further 

confirmed using G*Power 3.1 software. This 

analysis supported the inclusion of 48 tendons, 

distributed evenly across 12 groups (4 tendons per 

group), with assessments conducted at three distinct 

time points. Each tendon was obtained from a 

separate rabbit, resulting in a total of 48 animals 

included in the study. 

Study design 

This study was conducted on 48 apparently healthy 

male New Zealand white rabbits, about three months 

old and weighing 2.5-3 kg. Unilateral Achilles 

tendons injuries were induced in all rabbits. Based on 

treatment, these rabbits were randomly assigned to 

one of four groups (12 animals each). These 

treatment groups included control group (CTRL), 

AMNIO transplantation group (AMNIO), platelet-

rich plasma group (PRP), and combination of 

platelet-rich plasma injection and AMNIO 

transplantation group (PRP+AMNIO). Each group 

was further subdivided into 3 subgroups (4 animals 

each) according to the evaluation time. In subgroups 

1, 2 and 3, the evaluation was conducted at 4 weeks, 

8 weeks, and 12 weeks post-surgery, respectively. 

PRP preparation 

Autologous PRP was prepared from each animal 

using a double centrifugation method with slight 

modifications, as previously described [23]. Blood 

(5.4 mL) was collected from the ear vein of each 

rabbit into vacutainer tubes containing 3.2% sodium 

citrate as an anticoagulant. The first centrifugation 

was performed at 1600 RPM for 10 minutes, yielding 

three layers: red blood cells, a buffy coat containing 

platelets and leukocytes, and plasma. The plasma and 

buffy coat were transferred to a sterile plain tube and 

subjected to a second centrifugation at 2000 RPM for 

10 minutes, resulting in the separation of platelet-

poor plasma (PPP) and PRP. The PRP was then 

collected in a 1 mL syringe. 

Surgical procedure 
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All rabbits were fasted for 6 h, with water 

withheld for 2 h prior to surgery. Anesthesia was 

induced via intramuscular injections of Xylazine HCl 

at a dose of 5 mg/kg (Xylaject 2%
®
, ADWIA, Egypt) 

as a sedative and Ketamine HCl at a dose of 35-65 

mg/kg (Keiran
®
, EIMC Pharmacuticals Co., Egypt) 

as a general anesthetic. Aseptic techniques were 

strictly adhered to throughout the surgery, including 

the shaving and disinfection of the surgical area with 

Povidone-iodine solution (Betadine antiseptic 

solution
®
, Pharoania Pharmaceuticals, Cairo, Egypt).  

A 3cm longitudinal skin incision was made along 

the posterior aspect of the hind limb. The Achilles 

tendon was exposed through skin and subcutaneous 

incision as described by Bürgisser et al. [22]. Sterile 

saline solution was used to irrigate the tissue and 

maintain tendon hydration. The Achilles tendon was 

bluntly dissected from the fascia and surrounding 

tissue, then a full thickness tenotomy was performed 

at the midpoint between the calcaneal insertion and 

gastrocnemius junction. The tendon ends were 

sutured using a 4-strand core suture technique 

(modified Kessler) with 2-0 non-absorbable Prolene 

suture material. For CTRL group, the sutured tendon 

was injected with 0.5 mL physiological saline 

solution in an infiltrative manner.  

In PRP group, 0.5 mL PRP was injected directly 

into the tendon repair site in an infiltrative manner. 

In AMNIO group, the sutured tendons were wrapped 

with AMNIO (approximately 2×2 cm in size) 

(Commercial dry membrane, REGE PRO, Egypt). 

For combination PRP+AMNIO group, tendon repair 

site was infiltrated with 0.5 mL PRP and then 

wrapped with AMNIO. 

Postoperatively, rabbits were monitored until they 

fully recovered from anesthesia and were then 

transferred to their cages. Limb immobilization was 

achieved using a bandage cast wrapped from the toes 

to the groin, maintaining the ankle at 150° 

plantarflexion. The bandage was renewed twice 

weekly and kept in place for 3 weeks, after which the 

rabbits were allowed free movement in their cages. 

Post-operative care included cefotaxime (30 mg/kg) 

and meloxicam (0.1 mg/kg) administered 

intramuscularly for 5 consecutive days. 

Tendon healing assessment 

Tendon healing was assessed by the clinical 

findings and macroscopic as well as histologic 

examinations.  

Gross morphological assessment 

Gross morphological assessment of the repaired 

tendon at the rupture site was conducted using the 

macroscopic grading system described by Stoll et al. 

(Table 1) [24]. A healthy tendon is characterized by a 

white, reflective appearance with a smooth surface, 

and should exhibit no swelling or adhesions to the 

surrounding tissue. 

Histopathology assessment 

Rabbits were euthanized by intravenous 

administration of ≥ 100 mg/kg of Pentobarbital 

sodium (Nembutal®, Akorn Pharmaceutical, 369 

Bayview Ave, Amityville, NY 11701, USA). The 

animal was monitored until lack of heartbeat was 

noted for > 60 seconds prior to tissue harvest. 

Achilles tendons were excised, rinsed with 

phosphate-buffered saline (PBS, pH 7.4), and fixed 

in neutral buffered formalin for 48 hours. The 

samples were processed using conventional paraffin 

embedding techniques as described by Bancroft and 

Layton [25]. Four-micron thick sections were stained 

with hematoxylin and eosin (H&E) and Masson’s 

trichrome. Sections were photographed using a Leica 

DM500 microscope linked to a Leica EC3 digital 

camera (Leica, Germany). Lesions, including 

hemorrhage, inflammatory infiltrates, and collagen 

fiber alignment, were assessed in 10 randomly 

selected fields per animal. A blinded scoring system 

was used as shown in Table 2 [26]. The percentage 

area of collagen fibers stained by Masson’s trichrome 

was calculated using Image J software (NIH, 

Bethesda, MD, USA), and inverse mean density was 

determined from 10 random fields per group. 

Statistical analysis 

Gross macroscopic data were analyzed using a 

one-way ANOVA for overall analysis without 

consideration of individual time points. Microscopic 

data were analyzed using a two-way ANOVA, with 

Tukey's test applied for multiple comparisons. 

Coefficient of variation (CV) was calculated from the 

averaged replicate data for each group. Statistical 

significance was set at p ≤ 0.05. All numerical data 

were presented as means ± standard deviation (SD). 

All statistical analyses and graphical presentations 

were generated using GraphPad Prism (version 10). 

Results 

Clinical findings 

Postoperative clinical observations revealed that 

rabbits remained stationary for the first three days, 

using their hind limbs minimally. Thereafter, they 

walked when stimulated, and by day seven, they 

moved freely. No signs of infection were observed in 

all rabbits. By the fourth week, all animals showed 

no complications, moving freely without bandages. 

Macroscopic findings 

As shown in Figure 1, there were significant 

differences (p < 0.05) in the quality of healing 

responses among the various treatment groups based 

on macroscopic parameters. The combination 

therapy group PRP+AMNIO demonstrated superior 

outcomes, with a low CV of 15.75%, indicating 

consistent results in parameters such as the 

connection of the tendon to the skin, tendon surface, 

and level of defect. In contrast, the control group 
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exhibited significantly higher variability, with CVs 

of 21.65%, 43.30%, and 100.0%, respectively (Table 

3). The PRP+AMNIO group also exhibited low 

inflammation that’s achieved by decreased Oedema, 

swelling and redness with high precision, as 

indicated by a low CV of 33.33%, compared to 

86.60%, 86.60%, and 91.65% in the CTRL, AMNIO, 

and PRP groups, respectively.  Furthermore, the 

shape of the tendon in the PRP+AMNIO group was 

significantly improved, with a score 4.6-fold higher 

than that of the control group (p=0.0103). 

The overall macroscopic evaluation score 

demonstrated significantly superior results in the 

PRP+AMNIO group, showing 5.5-, 5-, and 4.7-fold 

improvements compared to the CTRL group at 

weeks 4, 8, and 12, respectively (p < 0.0001). In 

subgroup 1 (week 4), the PRP+AMNIO group also 

showed a 1.8-fold higher score than both the AMNIO 

and PRP groups (p = 0.002). Notably, at this time 

point, some tendons in the AMNIO group exhibited 

rupture. In subgroup 2 (week 8), the PRP+AMNIO 

group showed 2- and 5-fold higher scores compared 

to the PRP and AMNIO groups, respectively (p < 

0.0001). However, in subgroup 3 (week 12), there 

was no significant difference among the 

PRP+AMNIO, AMNIO, and PRP groups (p > 0.05), 

as shown in Figure 2. 

Histopathology findings 

Findings of H&E staining (Hemorrhage, 

inflammation, and collagen alignment): 

Samples from the CTRL group showed extensive 

hemorrhage, absence of linear collagen fibers, and 

severe inflammatory cell infiltration in subgroup 1. 

In subgroup 2, the CTRL group exhibited moderate 

hemorrhage and nonlinear collagen fibers with 

persistent inflammatory cell infiltration, which 

persisted in samples of subgroup 3 (Fig. 3).  

The AMNIO group displayed severe to moderate 

hemorrhage, moderate linear collagen fibers, and 

moderate inflammatory cell infiltration in subgroups 

1 and 2. In subgroup 3, the AMNIO group 

demonstrated mild hemorrhage, increased collagen 

fiber linearity, and reduced inflammatory infiltration 

(Fig. 3).  

In the PRP group, samples in subgroup 1 showed 

moderate hemorrhage, moderate collagen linearity, 

and moderate inflammation. While subgroups 2 and 

3 the PRP group exhibited mild hemorrhage, linear 

collagen alignment, and mild inflammation (Fig. 3). 

The PRP+AMNIO group revealed mild 

hemorrhage, linear collagen fibers, and mild 

inflammation in subgroups 1 and 2. In subgroup 3, 

no hemorrhage, linear collagen fibers, and no 

significant inflammatory cell infiltration were seen 

(Fig. 3). 

Quantitative analysis of histological sections 

revealed significantly less hemorrhage in the 

PRP+AMNIO treatment group compared to CTRL (p 

< 0.05), with reductions of 2.1-, 4.6-, and 6-fold at 

weeks 4, 8, and 12, respectively (Fig. 4A). There was 

also a notable decrease in inflammatory cell 

infiltration by 2.1-, 4.75-, and 7.5-fold at the same 

time points (Fig. 4B). However, the enhancement in 

collagen fiber linearity in the PRP+AMNIO group 

compared to CTRL was only significant by week 12, 

showing a 5.7-fold improvement (p = 0.0007, Fig. 

4C). In contrast, AMNIO-alone treatment showed no 

significant difference compared to the CTRL group 

at any of the three time points. By week 12, both the 

PRP+AMNIO (p<0.001) and PRP-alone (p<0.01) 

groups demonstrated significantly higher collagen 

fiber linearity compared to the AMNIO-alone group. 

Findings of Masson’s trichrome staining 

(Collagen content and organization): 

The CTRL group showed the lowest collagen 

distribution at 4 weeks, with gradual increases at 8 

weeks and 12 weeks (Fig. 5). In the AMNIO group, 

collagen distribution was higher in subgroup 1 

compared to the CTRL group, with increases 

observed in subgroups 2 and 3 (Fig. 5). The PRP 

group exhibited similar collagen distribution to the 

AMNIO group in subgroup 1, with gradual increases 

in subgroups 2 and 3. The PRP+AMNIO group 

showed the highest collagen distribution in subgroup 

1, with continued increases in subgroups 2 and 3 

(Fig. 5). 

Quantitative analysis of Masson’s trichrome 

staining findings revealed that AMNIO, PRP, and 

PRP+AMNIO groups exhibited significantly higher 

collagen content compared to the CTRL group 

(p<0.0001). However, no significant differences 

were observed between AMNIO, PRP, and 

PRP+AMNIO groups in subgroup 1 (p>0.05). 

Notably, the PRP+AMNIO group demonstrated 

significantly higher collagen deposition, with 

increases of 14.19-, 7.24-, and 1.67-fold compared to 

the CTRL group at weeks 4, 8, and 12, respectively 

(p<0.0001). Furthermore, the collagen content in the 

PRP+AMNIO group was significantly higher than in 

the AMNIO and PRP groups alone in subgroups 2 

and 3 (p<0.0001) as shown in Fig. 6A. A schematic 

diagram summarizing the results of the combination 

therapy PRP + AMNIO is shown in Figure 6B. 

Discussion 

Tendon injuries are prevalent and often require 

extended healing periods, leading to various 

complications. Common issues include the 

development of adhesions and ruptures, as well as 

the formation of scar tissue, which is typically has 

inferior mechanical properties compared to healthy 

tendon tissue [27]. These adverse phenomena can 

significantly impair functionality and lead to chronic 

pain or re-injury, underscoring the need for effective 
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treatment strategies that not only promote healing but 

also enhance the quality of the repaired tissue. In this 

study, we explored the synergistic benefits of 

combining PRP and AMNIO for tendon repair. 

In the current study, rabbit was chosen as an 

experimental animal. Rabbits are frequently used as 

animal models in research on tendon healing because 

they show less spontaneous tendon regeneration after 

tendon injury than smaller animal models like rats 

and mice [28]. Furthermore, rabbits are an 

inexpensive option for research because they are less 

expensive to purchase and keep. Additionally, 

because rabbits are larger, surgical models and 

techniques can be used more easily, improving the 

precision and repeatability of experimental 

operations [29]. Compared to larger animals, which 

frequently have restricted overhead reaching ability, 

rabbits have more upright position which closely 

reflects human anatomy [29]. Herein, we used the 

Achilles tendon, as it is the most commonly injured 

tendon in the animal body. It is a long, round, rope-

shaped extraarticular tendon that lacks a synovial 

sheath and is instead covered by a paratenon [30]. 

These extra-synovial tendons are more prone to 

adhesions and scarring compared to intra-synovial 

tendons and may require additional surgical 

intervention to release the scarred tissue following 

injury or laceration [31]. 

In the present study, the injury and treatment 

were performed unilaterally in each rabbit to 

minimize the potential impact of prolonged 

immobilization. A similar technique was conducted 

in a previous study [22]. 

Herein this study, PRP was injected directly into 

the injury site without prior platelet activation, as 

type I collagen naturally present in tendons 

stimulates platelet activation and growth factor 

release [32]. 

After injury, tendons typically undergo an initial 

inflammatory phase followed by a proliferative phase 

in which collagen is laid down, and finally a 

remodeling phase [33]. The complete recovery 

observed by the 4th week in the current work 

suggests that the treatments administered whether 

PRP, AMNIO, or their combination facilitated this 

natural healing process, accelerating the resolution of 

inflammation and promoting tissue repair. 

Our histopathological analysis revealed 

significant changes during tendon healing across the 

4, 8, and 12-week time points. At 4 weeks, moderate 

hemorrhage and inflammatory cell infiltration were 

observed, along with vascularization, which is 

critical for delivering growth factors and nutrients to 

the injury site [34]. Increased vascularization during 

the early stages aids cell recruitment and supports the 

proliferative phase of healing. By the eighth week, 

vascularization regressed, aligning with the role of 

PRP in promoting cellular migration and 

proliferation, as supported by Lyras et al., indicating 

early tendon healing [35]. The reduction in cellular 

infiltration at 8 weeks signals the onset of the 

remodeling phase, with collagen fiber alignment 

improving by the twelve-week, reflecting the 

transition to tissue maturation [35]. 

The anti-inflammatory effects of PRP, mediated 

through the recruitment of inflammatory cells and 

suppression of the prostaglandin biosynthetic 

pathway [36], likely contributed to the observed 

healing. PRP, rich in growth factors such as 

transforming growth factor and platelet-derived 

growth factor, has been shown to enhance tenocyte 

proliferation and collagen matrix synthesis [37]. This 

aligns with findings by Virchenko and Aspenberg, 

who reported faster restoration of tendon strength 

with PRP treatment, suggesting that PRP accelerates 

the remodeling phase and promotes more rapid 

tendon maturation [38]. 

Beyond its regenerative capabilities, PRP not 

only promotes tissue healing through its rich content 

of growth factors but also acts as a defensive barrier, 

offering antimicrobial protection to safeguard the 

injury site from potential infections. Previous study 

has demonstrated that the integration of PRP with 

reduced graphene oxide (rGO) and carbon nanotube 

(CNT) nanoparticles exhibited a protective effect, 

further enhancing tissue regeneration compared to 

nanoparticles alone [39]. 

Our results indicate that PRP treatment facilitated 

quicker progression from the proliferative to the 

remodeling phase, improving tendon strength and 

collagen organization. In contrast, the control rabbits 

showed prolonged vascularization that reflected by 

presence of hemorrhage and inflammatory cell 

infiltration and fibroblast activity at 12 weeks, 

indicating delayed healing. This slower progression, 

with a more gradual decrease in type I collagen 

expression, is consistent with previous studies 

showing PRP’s role in enhancing the mechanical 

properties of regenerated tendons [21]. 

Herein, we also investigated the effect of dry 

AMNIO on the healing of induced tendon ruptures. 

At 4 weeks, the repaired tendons appeared 

hypertrophic, with dense peritendinous adhesions 

and significant inflammation surrounding the 

membrane. In some cases, complete tendon rupture 

was observed, which we attributed to low collagen 

fiber content at this early stage. By the eighth week, 

hypertrophy and adhesions had lessened, and by the 

twelve-week, both were minimally present around 

the healed site. These findings partially align with the 

study by Zukawa et al., which reported that AMNIO 

prevents peritendinous adhesion without impairing 

tendon healing [21]. Similarly, Demirkan et al. found 

that the AMNIO acts as a temporary barrier, 

preventing early adhesions by extrinsic cells [40]. 
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Despite the potential benefits of AMNIO, 

adhesion formation after transplantation remains a 

concern, as it can restrict tendon gliding. This 

issue may be influenced by factors such as 

postoperative immobilization and tendon range of 

motion. Histopathologically, we observed heavy 

infiltration of inflammatory cells at 4 and 8 weeks, 

which we interpreted as an inflammatory reaction 

to the AMNIO wrap. This response was 

accompanied by increased hemorrhage, which 

gradually diminished by 12 weeks. The 

inflammation could be due to the AMNIO’s ability 

to accelerate cell migration and modulate 

inflammation, as noted in previous studies [21]. 

It has been demonstrated earlier that amniotic 

extract possess inflammatory and anti-inflammatory 

cytokines which are variable according to the process 

and preservation techniques [41]. Herein, AMNIO 

treated group did not show any significant difference 

in inflammatory cell infiltration from the control 

group however the collagen content was significantly 

higher. 

Additionally, residual AMNIO was detected at 4 

weeks but had been completely reabsorbed by the 

eighth and twelve-weeks, likely converting into 

fibrous tissue. This aligns with findings by Demirkan 

et al. [40]. While collagen fiber distribution in the 

AMNIO group was higher than in the control group 

at both 4 and 8 weeks, the fibers remained randomly 

arranged as fibroblasts migrated to the repair site, 

indicating ongoing tissue remodeling. 

Tendon healing can be classified as intrinsic or 

extrinsic, with intrinsic healing providing superior 

mechanical strength due to the contribution of 

tenocytes, producing tissue that closely resembles 

native tendon. In contrast, extrinsic healing relies on 

cellular migration from surrounding tissues, often 

resulting in a higher proportion of immature fibers 

and type III collagen, which is associated with 

increased re-rupture rates and weaker repair [33]. In 

the context of our study, the combined PRP+AMNIO 

therapy appears to promote intrinsic healing by 

delivering growth factors that stimulate tenocyte 

activity and enhance collagen deposition. The anti-

inflammatory properties of the PRP and AMNIO 

further reduce the need for extrinsic healing, 

preventing the excessive scarring and disorganized 

fiber alignment typical of that process. This likely 

explains the observed improvements in collagen 

organization and tissue strength in the PRP+AMNIO 

group, indicating a shift towards more effective, and 

intrinsic-driven tendon repair. 

The combination PRP+AMNIO group showed a 

greater effect on tendon healing, with tendon 

adhesion gradually decreasing until reaching a 

minimal level by the twelve-week. Importantly, no 

tendon ruptures occurred in this group, and by the 

twelve-week, the tendon appeared only slightly 

thickened, suggesting a return to near-normal 

structure. This observation is relevant with 

histopathological analysis, where the tendon showed 

no hemorrhage or inflammatory infiltration, and 

collagen fibers were arranged in a highly linear 

manner, reflecting the excellent synergy between 

PRP and AMNIO in promoting effective tendon 

healing. 

The adhesions in tendons treated with only PRP 

or AMNIO were significantly higher than those in 

the PRP+AMNIO group. We hypothesize that the 

reduced adhesions in the combination group may be 

due to the protective wrapping of the repaired site by 

the AMNIO, which could slow the dispersion of 

PRP, allowing for more localized healing. 

Histologically, at 4 and 8 weeks, the PRP+AMNIO 

group exhibited mild hemorrhage, mild linear 

collagen fiber formation, and mild inflammatory 

infiltration. By the twelve-week, there was no 

evidence of hemorrhage or inflammatory infiltration, 

and the collagen fibers were highly organized. 

Notably, the PRP+AMNIO group displayed the 

highest collagen distribution of all groups at 4 weeks, 

which continued to increase over 8 and 12 weeks, 

demonstrating the strong synergistic effects of PRP 

and AMNIO on tendon repair. 

However, no previous studies have combined 

PRP and AMNIO in tendon repair. One study, which 

combined AMNIO with hyaluronic acid, 

demonstrated that this combination effectively 

prevents postoperative adhesions without 

compromising tendon repair in chicken flexor 

tendons [42]. 

This study demonstrates the enhanced 

effectiveness of two long-established therapeutic 

approaches, PRP and AMNIO transplantation, when 

used together. Both methods, long used individually 

for their regenerative properties, have demonstrated 

high potential in promoting tendon repair. However, 

this study uniquely highlights how these two 

traditional techniques can work in synergy, offering a 

valuable and efficient solution for improving tendon 

repair outcomes. 

This study has few limitations as it did not 

include a detailed analysis of rabbit gait post-surgery, 

which could have provided valuable insights into the 

loading and functionality of the healing tendon. Also, 

it lacked tendon diameter measurements as the 

geometrical analysis of tendon diameter has been 

shown to be a useful parameter in evaluating tendon 

repair [43]. The study lacked quantitative evaluation 

methods, such as biochemical assays for collagen 

measurement, and objective mechanical assessments 

of tendon strength.  These limitations prevent a 

comprehensive understanding of the functional 

recovery achieved with the treatments. Therefore, 
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future studies with larger sample sizes and more 

rigorous quantitative and mechanical assessments are 

needed to validate these results and explore the full 

therapeutic potential of these treatments.  

Conclusion 

Combining a-PRP injection and AMNIO wrap 

seems to be a promising treatment for tendon 

injuries, as evidenced by a highly significant 

improvement in collagen deposition, reduced 

inflammation, and enhancing overall healing quality, 

particularly at later stages of healing compared with 

a-PRP or AMNIO alone. 
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TABLE 1. Macroscopic scoring system for tendon healing, modified from Stoll et al. [24]. 
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TABLE 2. Histological scoring system for tendon healing, modified from Nixon et al. [26]. 

Variable Score and criterion 

Inflammatory cell 

infiltrate 

1 Normal 

2 Slightly increased 

3 Moderately increased 

4 Severely increased 

  Hemorrhage 

1 Absent (normal) 

2 Sparse or uneven 

3 Multiple areas 

4 Predominantly hemorrhagic 

Linearity of 

collagen fibers 

1 Linear  

2 >50% linear 

3 20% to 50% linear 

4 Absence of linear areas 

 

TABLE 3. Coefficient of Variation (CV) for Macroscopic Parameters of Tendon Evaluation 

Groups  

Parameters       
CTRL  AMNIO PRP PRP+AMNIO 

Inflammation 86.60% 86.60% 91.65% 33.33% 

Adhesion of tendon to surrounding  34.64% 34.64% 65.47% 34.64% 

Connection of tendon to skin 21.65% 15.75% 34.64% 15.75% 

Color  173.2% 0.000% 86.60% 43.30% 

Tendon surface 43.30% 65.47% 57.28% 15.75% 

Shape of Tendon 34.64% 56.77% 44.61% 19.92% 

Level of defect  100.0% 173.2% 34.64% 15.75% 
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Fig. 1. Macroscopic evaluation of tendons from different treatment groups (CTRL, AMNIO, PRP, and PRP+AMNIO) 

at various time points (Weeks 4, 8, and 12). The images highlight differences in color and adhesion with 

surrounding tissues across the treatment groups. 
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Fig. 2. Macroscopic scoring. Graphs show (A) Inflammation, (B) Adhesion to the surrounding tissue, (C) Connection 

of tendon to the skin, (D) Color, (E) Tendon surface, (F) Shape of the tendon, and (G) Level of defect. (H) 

Detailed overall scoring of gross morphology at three time points (Weeks 4, 8, and 12). * indicates P < 0.05, ** 

P < 0.01, *** P < 0.001, and **** P < 0.0001. 

 

 

Fig. 3. Histopathological images of rabbit Achilles tendons stained with Hematoxylin and Eosin, illustrating 

differences between experimental groups. Control group: (A) 4 weeks, (B) 8 weeks, and (C) 12 weeks, 

showing excessive hemorrhage and infiltration of inflammatory cells. Treated groups: AMNIO group at (D) 

4 weeks, (E) 8 weeks, and (F) 12 weeks; PRP group at (G) 4 weeks, (H) 8 weeks, and (I) 12 weeks; and 

PRP+AMNIO group at (J) 4 weeks, (K) 8 weeks, and (L) 12 weeks. Inflammatory cell infiltration (thin 

arrows), wavy nonlinear collagen fibers (arrowheads), and hemorrhage (thick arrows) are highlighted. 

Magnification: x100, Scale bar: 200 μm. 
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Fig. 4. Histological scoring (H&E staining). A schematic diagram summarizes the results of the combination therapy 

(PRP+Amnio). Quantitative analysis includes: (A) Hemorrhage, (B) Inflammation, and (C) Linearity of 

collagen fibers. * indicates P < 0.05, ** P < 0.01, *** P < 0.001, and **** P < 0.0001. 

 

 

 

Fig. 5. Histological images of rabbit Achilles tendons stained with Masson’s Trichrome, demonstrating collagen 

deposition across different experimental groups. Control group: (A) 4 weeks, (B) 8 weeks, (C) 12 weeks; 

AMNIO group: (D) 4 weeks, (E) 8 weeks, (F) 12 weeks; PRP group: (G) 4 weeks, (H) 8 weeks, (I) 12 weeks; 

PRP+ AMNIO group: (J) 4 weeks, (K) 8 weeks, (L) 12 weeks. Magnification: x100, Scale bar: 200 μm. 
(Indicate the difference in  collagen deposition in the groups). 
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Fig. 6. (A) Quantitative analysis of collagen content in different treatment groups (CTRL, AMNIO, PRP, and 

PRP+AMNIO) as detected by Masson’s Trichrome staining. * indicates P < 0.05, ** P < 0.01, *** P < 0.001, 

**** P < 0.0001. (B) A schematic diagram summarizing the results of the combination therapy (PRP + 

Amnio). 

 

 

References

1. Li, Z. J., Yang, Q. Q. and Zhou, Y. L. Basic research 

on tendon repair: Strategies, evaluation, and 

development. Frontiers in medicine, 8, 664909 

(2021). 

2. Molloy, T., Wang, Y. and Murrell, G. A. The roles of 

growth factors in tendon and ligament healing. Sports 

medicine, 33, 381-394 (2003). 

3. Tawfik, H. E., Abu-Seida, A. M., Hashem, A. A. and 

El-Khawlani, M. M. Treatment of experimental 

furcation perforations with mineral trioxide aggregate, 

platelet rich plasma or platelet rich fibrin in dogs’ 

teeth. Experimental and Toxicologic Pathology, 68, 

321-327 (2016). 

4. Geaney, L. E., Arciero, R. A., DeBerardino, T. M. and 

Mazzocca, A. D. The effects of platelet-rich plasma 

on tendon and ligament: basic science and clinical 

application. Operative Techniques in Sports Medicine, 

19, 160-164 (2011). 

5. Costa, E. L. D., Teixeira, L. E. M., Pádua, B. J., 

Araújo, I. D., Vasconcellos, L. S. and Dias, L. S. B. 

Biomechanical study of the effect of platelet rich 

plasma on the treatment of medial collateral ligament 

lesion in rabbits. Acta Cirurgica Brasileira, 32, 827-

835(2017). doi:10.1590/s0102-865020170100000004. 

6. Bosch, G., Moleman, M., Barneveld, A., van Weeren, 

P. R. and van Schie, H. T. The effect of platelet-rich 

plasma on the neovascularization of surgically created 

equine superficial digital flexor tendon lesions. 

Scandinavian Journal of Medicine & Science in 

Sports, 21, 554-561(2011), doi:10.1111/j.1600-

0838.2009.01070.x. 

7. Chen, L., Dong, S. W., Liu, J. P., Tao, X., Tang, K. L. 

and Xu, J. Z. Synergy of tendon stem cells and 

platelet-rich plasma in tendon healing. Journal of 

Orthopaedic Research, 30, 991-997(2012), 

doi:10.1002/jor.22033. 

8. Viganò, M., Ragni, E., Marmotti, A. and de Girolamo, 

L. The effects of orthobiologics in the treatment of 

tendon pathologies: a systematic review of preclinical 

evidence. Journal of Experimental Orthopaedics, 9, 

31(2022). doi:10.1186/s40634-022-00468-w. 

9. Kaux, J. F., Drion, P., Croisier, J. L. and Crielaard, J. 

M. Tendinopathies and platelet-rich plasma (PRP): 

from pre-clinical experiments to therapeutic use. 

Journal of Stem Cells & Regenerative Medicine, 11, 

7-17(2015). doi:10.46582/jsrm.1101003. 

10. Baksh, N., Hannon, C. P., Murawski, C. D., Smyth, 

N. A. and Kennedy, J. G. Platelet-rich plasma in 

tendon models: a systematic review of basic science 

literature. Arthroscopy, 29, 596-607(2013), 

doi:10.1016/j.arthro.2012.10.025. 

11. Kon, E., Filardo, G., Di Matteo, B., Di Martino, A. 

and Marcacci, M. Platelet-rich plasma in sports 

medicine: New treatment for tendon and cartilage 

lesions. Operative Techniques in Orthopaedics, 22, 

78-85(2012), 

doi:https://doi.org/10.1053/j.oto.2011.11.002. 

12. Yang, J. J., Jang, E.-C., Song, K.-S., Lee, J.-S., Kim, 

M. K. and Chang, S. H. The effect of amniotic 

membrane transplantation on tendon-healing in a 

rabbit Achilles tendon model. Tissue Engineering and 

Regenerative Medicine, 7, 323-329 (2010). 

13. Hortensius, R. A., Ebens, J. H., Dewey, M. J. and 

Harley, B. A. C. Incorporation of the amniotic 

membrane as an immunomodulatory design element 

in collagen scaffolds for tendon repair. ACS 

Biomaterials Science & Engineering, 4, 4367-

4377(2018), doi:10.1021/acsbiomaterials.8b01154. 



PLATELET-RICH PLASMA AND AMNIOTIC MEMBRANE ON TENDON HEALING... 

Egypt. J. Vet. Sci.  

13 

14. Seo, Y.-K., Kim, J.-H. and Eo, S.-R. Co-effect of silk 

and amniotic membrane for tendon repair. Journal of 

Biomaterials Science, Polymer Edition, 27, 1232-

1247(2016), doi:10.1080/09205063.2016.1188349. 

15. Liu, C., Yu, K., Bai, J., Tian, D. and Liu, G. 

Experimental study of tendon sheath repair via 

decellularized amnion to prevent tendon adhesion. 

PloS one, 13, e0205811(2018), 

doi:10.1371/journal.pone.0205811. 

16. Liu, C., Bai, J., Yu, K., Liu, G., Tian, S. and Tian, D. 

Biological amnion prevents flexor tendon adhesion in 

zone II: a controlled, multicentre clinical trial. BioMed 

Research International, 2019, 2354325 (2019). 

17. Elkhenany, H., El-Derby, A., Abd Elkodous, M., 

Salah, R. A., Lotfy, A. and El-Badri, N. Applications 

of the amniotic membrane in tissue engineering and 

regeneration: the hundred-year challenge. Stem Cell 

Research & Therapy, 13, 1-19 (2022). 

18. Murphy, S. V., Skardal, A., Nelson, R. A., Jr., 

Sunnon, K., Reid, T., Clouse, C., Kock, N. D., 

Jackson, J., Soker, S. and Atala, A. Amnion 

membrane hydrogel and amnion membrane powder 

accelerate wound healing in a full thickness porcine 

skin wound model. Stem Cells Translational Medicine 

9, 80-92(2020), doi:10.1002/sctm.19-0101. 

19. Prakash, S., Kalra, P. and Dhal, A. Flexor tendon 

repair with amniotic membrane. International 

Orthopaedics, 44, 2037-2045(2020), 

doi:10.1007/s00264-020-04752-1. 

20. Walker, C. T., Godzik, J., Kakarla, U. K., Turner, J. 

D., Whiting, A. C. and Nakaji, P. Human amniotic 

membrane for the prevention of intradural spinal cord 

adhesions: Retrospective review of its novel use in a 

case series of 14 patients. Neurosurgery, 83, 989-

996(2018), doi:10.1093/neuros/nyx608. 

21. Zukawa, M., Okabe, M., Osada, R., Makino, H., 

Nogami, M., Seki, S., Yoshida, T., Kimura, T. and 

Kawaguchi, Y. Effect of hyperdry amniotic 

membrane in preventing tendon adhesion in a rabbit 

model. Journal of Orthopaedic Science, 27, 707-712 

(2022). 

22. Meier Bürgisser, G., Calcagni, M., Bachmann, E., 

Fessel, G., Snedeker, J. G., Giovanoli, P. and 

Buschmann, J. Rabbit Achilles tendon full transection 

model - wound healing, adhesion formation and 

biomechanics at 3, 6 and 12 weeks post-surgery. 

Biology Open, 5, 1324-1333(2016), 

doi:10.1242/bio.020644. 

23. Efeoglu, C., Akçay, Y. D. and Ertürk, S. A modified 

method for preparing platelet-rich plasma: An 

experimental study. Journal of Oral and Maxillofacial 

Surgery, 62, 1403-1407(2004), 

doi:10.1016/j.joms.2004.06.047. 

24. Stoll, C., John, T., Conrad, C., Lohan, A., Hondke, S., 

Ertel, W., Kaps, C., Endres, M., Sittinger, M. and 

Ringe, J. Healing parameters in a rabbit partial tendon 

defect following tenocyte/biomaterial implantation. 

Biomaterials, 32, 4806-4815 (2011). 

25. Bancroft, J. D. and Layton, C. Connective and 

mesenchymal tissues with their stains. Bancroft’s 

Theory and practice of histological techniques, 187-

214 (2012). 

26. Nixon, A. J., Dahlgren, L. A., Haupt, J. L., Yeager, A. 

E. and Ward, D. L. Effect of adipose-derived 

nucleated cell fractions on tendon repair in horses 

with collagenase-induced tendinitis. American 

Journal of Veterinary Research, 69, 928-937(2008), 

doi:10.2460/ajvr.69.7.928. 

27. Fukui, N., Katsuragawa, Y., Sakai, H., Oda, H. and 

Nakamura, K. Effect of local application of basic 

fibroblast growth factor on ligament healing in 

rabbits. Revue Du Rhumatisme (English Ed.), 65, 406-

414 (1998). 

28. Deprés-Tremblay, G., Chevrier, A., Snow, M., Hurtig, 

M. B., Rodeo, S. and Buschmann, M. D. Rotator cuff 

repair: a review of surgical techniques, animal 

models, and new technologies under development. 

Journal of Shoulder and Elbow Surgery, 25, 2078-

2085 (2016). 

29. Lebaschi, A., Deng, X. H., Zong, J., Cong, G. T., 

Carballo, C. B., Album, Z. M., Camp, C. and Rodeo, 

S. A. Animal models for rotator cuff repair. Annals of 

the New York Academy of Sciences, 1383, 43-57 

(2016). 

30. Ajayi, E. O., Akin-Idowu, P. E., Aderibigbe, O. R., 

Ibitoye, D. O., Afolayan, G., Adewale, O. M., 

Adesegun, E. A., and Ubi, B. E. We are IntechOpen , 

the world ’ s leading publisher of Open Access books 

Built by scientists , for scientists TOP 1 %. Intech, 

11(tourism), 13. 

https://www.intechopen.com/books/advancedbiometri

c-technologies/liveness-detection-in-biometrics, 

(2016). 

31.  Seiler, J. G., Reddy, A. S., Simpson, L. E., Williams, 

C. S., Hewan-Lowe, K. and Gelberman, R. H.. The 

flexor digitorum longus: An anatomic and 

microscopic study for use as a tendon graft. Journal of 

Hand Surgery, 20(3), 492–495(1995). 

https://doi.org/10.1016/S0363-5023(05)80115- 

(1995). 

32. Harrison, S., Vavken, P., Kevy, S., Jacobson, M., 

Zurakowski, D. and Murray, M. M. Platelet activation 

by collagen provides sustained release of anabolic 

cytokines. The American Journal of Sports Medicine, 

39, 729-734(2011), doi:10.1177/0363546511401576. 

33. Sharma, P. and Maffulli, N. Tendon injury and 

tendinopathy: healing and repair. The Journal of Bone 

and Joint Surgery, 87, 187-202(2005), 

doi:10.2106/jbjs.d.01850. 

34. Fenwick, S. A., Hazleman, B. L. and Riley, G. P. The 

vasculature and its role in the damaged and healing 

tendon. Arthritis Research, 4, 252-260(2002), 

doi:10.1186/ar416. 

35. Lyras, D. N., Kazakos, K., Verettas, D., Botaitis, S., 

Agrogiannis, G., Kokka, A., Pitiakoudis, M. and 

Kotzakaris, A. The effect of platelet-rich plasma gel 

in the early phase of patellar tendon healing. Archives 

of Orthopaedic and Trauma Surgery, 129, 1577-1582 

(2009). 

36. Zhang, J., Middleton, K. K., Fu, F. H., Im, H.-J. and 

Wang, J. H. HGF mediates the anti-inflammatory 



GWAHER ABDEL-WAHAB  et al. 

Egypt. J. Vet. Sci.  

14 

effects of PRP on injured tendons. PloS One, 8, 

e67303 (2013). 

37. Schnabel, L. V., Mohammed, H. O., Miller, B. J., 

McDermott, W. G., Jacobson, M. S., Santangelo, K. 

S. and Fortier, L. A. Platelet rich plasma (PRP) 

enhances anabolic gene expression patterns in flexor 

digitorum superficialis tendons. Journal of 

Orthopaedic Research 25, 230-240 (2007). 

38. Virchenko, O. and Aspenberg, P. How can one 

platelet injection after tendon injury lead to a stronger 

tendon after 4 weeks?: Interplay between early 

regeneration and mechanical stimulation. Acta 

Orthopaedica, 77, 806-812(2006), 

doi:10.1080/17453670610013033. 

39. Gomaa, S., Elkodous, M. A., EL‐Sayed, A. I., 

Tohamy, H., Abou‐Ahmed, H., Abdelwahed, R. and 

Elkhenany, H. Accelerating wound healing: Unveiling 

synergistic effects of P25/SWCNT/Ag and 

P25/rGO/Ag nanocomposites within PRP‐gelatin 

scaffold, highlighting the synergistic antimicrobial 

activity. Biotechnology Journal, 19, 2300531 (2024). 

40. Demirkan, F., Colakoglu, N., Herek, O. and Erkula, 

G. The use of amniotic membrane in flexor tendon 

repair: an experimental model. Archives of 

Orthopaedic and Trauma Surgery, 122, 396-399 

(2002). 

41. Elkhenany, H., Abou-Shanab, A. M., Magdy, S., 

Kamar, S. S., Salah, R. A. and El Badri, N. 

Comprehensive evaluation of ethanol-preserved 

amniotic extracts: Exploring antioxidant properties, 

proliferation enhancement, protective efficacy and 

regeneration potential in wound healing. Journal of 

Drug Delivery Science and Technology, 100, 

106062(2024), 

doi:https://doi.org/10.1016/j.jddst.2024.106062. 

42. Ozgenel, G. Y., Samli, B. and Ozcan, M. Effects of 

human amniotic fluid on peritendinous adhesion 

formation and tendon healing after flexor tendon 

surgery in rabbits. The Journal of Hand Surgery, 26, 

332-339(2001), doi:10.1053/jhsu.2001.22524. 

43. Elsayad, A., Nouh, S. R., El-Kammar, M. H., 

Elmesiry, A. & Elkhenany, H. A. A novel approach 

for tendinopathy induction in donkeys using artificial 

heat stimulation strategy. Veterinarski Arhiv, 92, 735-

746 (2022). 

 

 

 إلتئبمذهوية والغشبء الأهنيوسي علي التؤثيرات التآزرية للجلازهب الغنية ثبلصفبئح ال

 الأوتبر في نوورج الأرانت

 *٣، ٢هذأثو سع، أشرف ١ر، هحوود الكوب١، هويذا أثو أحوذ١قريطن، أحوذ ١جواهر عجذ الوهبة

 ١وهذى الخنبني
 انجراحخ، كهُخ انطت انجُطرٌ، جبيؼخ الإسكُذرَخ، الإسكُذرَخ ، يصر.قسى  1
 انجراحخ وانزخذَر والأشؼخ، كهُخ انطت انجُطرٌ، جبيؼخ انقبهرح، انجُسح، يصر.قسى  2
 انجلانخ، يذَُخ انجلانخ انجذَذح، انسىَس، يصر، جبيؼخ ُخس انحُىاَىجحان يرفق 3

 

 الولخص

لا َسال رريُى الأوربر ًَثم رحذَبً سرَرَبً كجُرًا ثسجت ػًهُخ انشفبء انجطُئخ. وفٍ حٍُ رى اسزخذاو ػلاجبد انجلازيب انغُُخ 

أٌ رأثُرارهًب انًشزركخ ( كم ػهً حذح نزؼسَس رجذد الأوربر، إلا AMNIO( وانغشبء الأيُُىسٍ )PRPثبنصفبئح انذيىَخ )

يٍ ركىر الأراَت انُُىزَهُذَخ انجُضبء ورى  44لارسال غُر يسزكشفخ إنً حذ كجُر. رى إحذاس إصبثبد فٍ ورر أخُم نذي 

(، غلاف انغشبء PRP(، حقٍ انجلازيب انغُُخ ثبنصفبئح انذيىَخ )CTRLػلاجهب ثأحذ أرثؼخ رذخلاد: انًجًىػخ انضبثطخ )

(. رى رقُُى PRP+AMNIOأو رىنُفخ يٍ انجلازيب انغُُخ ثبنصفبئح انذيىَخ وانغشبء الأيُُىسٍ ) (،AMNIOالأيُُىسٍ )

ثؼذ انجراحخ ثبسزخذاو انزقُُى انؼُبٍَ وانزحهُم انُسُجٍ، ثًب فٍ رنك صجغخ  12و  4و  4شفبء الأوربر فٍ الأسبثُغ 

ُى ررست انكىلاجٍُ والانزهبة ويىرفىنىجُب ( وصجغخ يبسىٌ ثلاثُخ الأنىاٌ نزقH&Eُانهًُبرىكسُهٍُ والإَىسٍُ )

رفىقبً فٍ شفبء الأوربر يقبرَخ ثًجًىػبد  PRP+AMNIOالأَسجخ. رى رحهُم جًُغ انجُبَبد إحصبئُبً. أظهرد يجًىػخ 

CTRL  وPRP  وAMNIO كشف انزقُُى انؼُبٍَ ػٍ رحسٍ كجُر فٍ ثُُخ انىرر فٍ يجًىػخ .PRP+AMNIO ،

ػهً  12و  4و  4( فٍ الأسبثُغ CTRLأضؼبف يقبرَخ ثبنًجًىػخ انضبثطخ ) 4.4و  5و  5.5يُظهرًا رحسُبً ثًقذار 

اَخفبضًب فٍ الانزهبة وانُسف،  PRP+AMNIO(. يقبرَخ ثبنًجًىػخ انضبثطخ، أظهرد يجًىػخ p<0.0001انزىانٍ )

ؼُىٌ فٍ يجًىػخ (. رحسُذ اسزقبيخ أنُبف انكىلاجٍُ ثشكم يp<0.0001أضؼبف ) 4.5ثبَخفبض َصم يقذارِ إنً 

PRP+AMNIO  5.4، يغ زَبدح ثًقذار 12ثحهىل الأسجىع ( أضؼبف يقبرَخ ثبنًجًىػخ انضبثطخp=0.0007 ػلاوح .)

ً نهكىلاجٍُ يقبرَخ ثًجًىػزٍ  PRP+AMNIOػهً رنك، أظهرد يجًىػخ  كم  AMNIOو  PRPررسجبً أػهً يؼُىَب

-aفإٌ انجًغ ثٍُ حقٍ انجلازيب انغُُخ ثبنصفبئح انذيىَخ )(. فٍ انخزبو، p<0.0001) 12و  4ػهً حذح فٍ الأسجىػٍُ 

PRP( ٍوغلاف انغشبء الأيُُىس )AMNIO َؼسز شفبء ورر أخُم فٍ الأراَت يٍ خلال رقهُم الانزهبة، ورؼسَس ررست )

 انكىلاجٍُ، ورحسٍُ يىرفىنىجُب انىرر يقبرَخ ثبنًجًىػخ انضبثط

 .، انجلازيب انغُُخ ثبنصفبئح انذيىَخ، الانزهبة، انطت انزجذَذٌانكىلاجٍُ ،إصبثخ ورر أخُم الكلوبت الذالة:


