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Abstract 

Background: Cell-based therapy for soft tissue injuries remains controversial. Adult mesenchymal stem cells (MSCs) are therapeutic candidates 
given their capacity for self-renewal, immunoprivilege, and differentiation capacity for chondrocyte and tenocyte lineages. Platelet rich plasma 
(PRP) has been reported to promote collagen synthesis and cell proliferation, influencing the healing of ligaments and cartilage. We hypothesize 
that allogeneic MSCs and PRP have additive effects on promoting ligament healing in an in-vivo rat medial collateral ligament (MCL) injury model. 

Methods: MCLs of 20 females Sprague rats were bilaterally transected and treated with either saline (controls) or 1 of 3 treatment groups; (1) 
allogeneic MSCs (105 cells), (2) PRP and (3) allogeneic MSCs & PRP. In addition, five rats were used for the Sham group (surgery + no ligament 
injury). Rats were sacrificed two weeks post-surgery and the MCLs harvested for histological analysis by hematoxylin and eosin and alcian blue 
staining. Statistical analysis was performed using Fischer’s exact test with pair-wise comparisons and Bonferroni multiple comparison correction. 

Results: Histologically, differences across all injured groups (treatment groups and controls) were observed in cellularity (p < 0.0185), 
regeneration of collagen fibers (p < 0.0084), vascularity (p = 0.0129), inflammation (p = 0.0121) and glycosaminoglycan content (p = 0.0085). From 
pair-wise comparisons, only the combination allogeneic MSCs & PRP group differed significantly from controls in increased cellularity (p = 9.04 x 
10-4) and regeneration of collagen fibers (p = 6.58x10-4). In addition, the PRP group showed significant increase in glycosaminoglycan (p = 0.006) 
content when compared to the allogeneic MSCs group. 

Conclusions: The addition of allogeneic MSCs and PRP to an injured MCL show a significant histological increase in degree of cellularity, 
vascularity and the regeneration of collagen fibers when compared to controls. These data support a possible additive effect of combining 
allogeneic MSCs and PRP therapy to increase important repair factors during the proliferation/repair phase of post ligament injury. This 
preliminary study demonstrates that additional functional and biomechanical studies are warranted to determine the role that inflammatory 
responses versus tissue regeneration are contributing to this mechanism. 
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Abbreviations 

MSCs: Mesenchymal Stem Cells; PRP: Platelet Rich Plasma; MCL: Medial Collateral Ligament; BM: Bone Marrow; SYN: Synovial Membrane; GFP: 
Green Fluorescent Protein; MEM: Minimum Essential Medium; PBS: Phosphate Buffered Saline; ACP: Autologous Conditioned Plasma system; 
H&E: Hematoxylin and Eosin; GAG: Glycosaminoglycan; ECM: Extracellular Matrix; SAS: Statistical Analysis Software; TGF-β: Transforming Growth 
Factor beta; VEGF: Vascular Endothelial Growth Factor. 

Background 

In recent years, regenerative cell therapy for soft tissue injuries such as 

ligaments has generated wide-spread interest in the field of 

orthopedics. Soft tissue injuries are often problematic because of the 

limited ability of the tissue to self-repair. These injuries commonly 

result in the formation of inferior scar tissue and can cause a decrease 

in both function and performance of the affected area [1]. 

Regenerative cell based therapy aims to promote healthy tissue repair 

by providing the necessary elements, i.e. cells, growth factors and 

environment [1]. 

Adult mesenchymal stem cells (MSCs) have received considerable 

attention in soft tissue repair because of their high capacity for self- 

renewal and multipotency to differentiate into chondrocytes and 

tenocytes [2-8]. Also, MSCs migrate chemotactically to injured tissue 

and secrete cytokines with anti-inflammatory effects [6,7]. Adult 

MSCs can be isolated from several tissues including bone marrow 

(BM), synovial membrane (SYN), adipose and periosteum [2]. Of 

those BM and SYN MSCs have shown the greatest potential to repair 

soft tissue defects [5]. 

In a previous study investigating the tissue regenerative capabilities of 

MSCs, Wantanabe et al. injected MSCs into transected rat MCLs and 

detected donor cells with spindle shape nuclei comparable to native 

fibroblasts [8]. In a similar study, Nishimori et al. found increase 

regeneration of collagen fibers when compared to controls in injured rat 

MCLs treated with MSCs [9]. 

Platelet rich plasma (PRP) is platelet enriched blood plasma that contains 

several growth factors and cytokines with the potential to promote 

collagen synthesis and cell proliferation, thereby enhancing tissue repair 

[10-15]. Numerous studies have examined the potential healing effects of 

PRP therapy on soft tissue injury [16-18]. Although animal studies 

evaluating PRP therapy for cartilage and ligament injuries have shown 

promising effects, large scale controlled human clinical trials have yet to 

produce consistent results making the efficacy of PRP treatment for these 

injuries still up for debate [12,15]. 

The MCL is the most commonly injured knee ligament [19]. Its native 

healing ability often permits nonsurgical treatment, however, the repair 

process can take several years, and the healed ligament may never fully 

recover to its original mechanical function [20,21]. 
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Despite this most patients achieve excellent results in terms of 

returning to play and normal ligament function with non-surgical 

management. The MCL’s healing properties suggest a potential role 

for cell-based/blood therapies to improve the ligament’s repair. Thus 

we are able to affectively investigate the MCL’s healing process 

following application of one of the above-mentioned regenerative 

therapies. Whether MSCs and PRP have an additive effect on soft- 

tissue repair when applied together is not known. The purpose of the 

present study is to investigate the histological effects of MSCs, PRP 

and their combined treatment application to ligament repair using a 

well-established rat MCL model [8,9,20,22,23]. We will examine 

whether there is histological evidence of an increased healing response 

when combining allogeneic MSCs and PRP therapy for soft tissue 

injuries. We hypothesize that combining MSCs and PRP treatment will 

have an additive effect towards ligament healing. 

Methods 

Isolations of MSCs 

Bone marrow was obtained from the femurs and tibias of one adult 

green fluorescent protein (GFP) transgenic Sprague-Dawley male rat. 

Briefly, after flushing femur and tibia cells were plated in culture 

dishes containing Minimum Essential Medium (MEM) alpha 

supplemented with L-glutamine, ribonucleosides and 

deoxyribonucleosides (Life Technologies, Carlsbad, CA), 20% fetal 

bovine serum (FBS; Atlanta Biologicals, Lawrenceville, GA), 100 

U/ml penicillin and 100 µg/mL streptomycin (Sigma-Aldrich, St. 

Louis, MO) [24-26]. 

MSCs exhibited spindle-shaped morphology and were characterized 

by (i) adherence to plastic; (ii) negativity for hematopoietic cell 

surface markers CD34 and CD45 and positivity for CD73, CD90.2, 

and CD105; and (iii) the ability to differentiate into adipocytes or 

osteoblast-like cells. 

MSCs at passage 9 after isolation were thawed and centrifuged up to 

500xg two times in phosphate-buffered saline (PBS; Life 

Technologies, Carlsbad, CA) for five minutes. After the last 

centrifugation, cells were re-suspended in 3 of PBS. MSCs viability 

was 

Flow cytometric analysis for MSCs characterization 

A total of MSCs was used for flow cytometry characterization. GFP 

positivity was detected in of MSCs in culture. For surface markers, 

cells were incubated for 1 hour with flow cytometry buffer (1% 

bovine serum albumin and 5% FBS diluted in PBS 1x (FACS buffer)) 

on ice, and subsequently one hour with the primary and secondary 

antibodies. Cells were incubated with anti-mouse fluorochrome- 

conjugated antibodies against CD34, CD45, CD73, and CD90.2 (BD 

Biosciences, San Jose, CA), CD105 (BioLegend, San Diego, CA), and 

their respective isotype controls (BD Biosciences, San Jose, CA). 

In vitro differentiation 

MSCs were differentiated into adipogenic and osteogenic lineages 

between passage 6 (P6) to passage 9. In adipogenic differentiation for 

MSCs, we used MesenCult mouse basal media supplemented with 

MesenCult adipogenic stimulatory supplements (Stem Cell 

Technologies, Vancouver, Canada) for two weeks. For Oil Red O 

staining (Thermo Fisher Scientific, Fremont, CA), cells were fixed 

with 10% formalin for 60 minutes at room temperature; Lipids 

appeared red. Stained monolayers were visualized with a Nikon 

Eclipse TS100 inverted microscopic fitted with a Nikon digital camera 

image capture system (Nikon, Melville, NY). 

For osteogenic differentiation, cells were cultured in Minimum 

Essential Medium (MEM) alpha (Life Technologies, Carlsbad, CA) 

containing 10% FBS, dexamethasone, 0.2 mM ascorbic acid and 10 

mM glycerophosphate (Sigma-Aldrich, St. Louis, MO). 

Mineralization was detected by Alizarin Red S (Sigma-Aldrich, St. 

Louis, MO). Briefly, samples were fixed with 70% ethanol at for 1 

hour, rinsed with distilled water, and incubated with 40 mM, pH 4.2, 

Alizarin Red S for 15 minutes with gentle shaking. 

Stained monolayers were visualized with a Nikon Eclipse TS100 inverted 

microscopic fitted with a Nikon digital camera image capture system 

(Nikon, Melville, NY). 

Platelet-rich plasma (PRP) preparation 

PRP was isolated from the whole blood (10cc) of 1 adult female Sprague- 

Dawley rat using the Arthrex (ACP) Double Syringe centrifuge system™ 

(Arthex, Inc, Naples, Florida). The ACP system involves a specially 

designed double syringe that features a 5ml PRP collection syringe within 

a larger 10ml outer syringe. Prior to collection, the outer syringe was 

preloaded with 1 ml of anticoagulant citrate dextrose solution to prevent 

clotting to allow for platelet recovery in the proceeding steps. Following 

direct cardiac puncture, 10cc of whole blood was collected in the outer 

syringe. Next using the ACP centrifuge system, the syringe was centrifuge 

for 5 minutes at 1100 rpm to allow for collection of PRP into the 5ml 

inner syringe at approximately 2x concentration. The collected PRP was 

then used immediately for application. 

Induction of MCL injury and MSCs and PRP therapy 

application 

The animal experiments performed in this study were approved by the UM 

Institutional Animal Care and Use Committee. Twenty-seven adult female 

Sprague-Dawley rats (220-270g) were used. Prior to undergoing surgery 

the rats were assigned to one of the following five experimental groups (5 

rats per group); Sham (surgery but no ligament injury), Controls (injury, 

saline), MSCs therapy (cells per leg), PRP therapy, and MSCs & PRP 

therapy (Table 1). Two rats did not undergo surgery (untouched), and 

were used to obtain normal ligament tissue specimens for comparison. For 

the remaining of this paper, experimental groups that underwent ligament 

injury (Controls, MSCs, PRP, and MSCs   &   PRP)   are   all 

considered injured groups, and additionally the injured groups that 

received therapies (MSCs, PRP, MSCs & PRP) are termed treatment 

groups. 
 

 

Table 1: Treatment Groups in Rat MCL Model. 

After induction with 3% isoflurane, each rat was transferred to the surgical 

table and maintained with 1-2% of isoflurane (nose cone). Under sterile 

conditions, both hind leg MCLs were transected in each rat using the 

following surgical method. A small skin incision (5mm) was made over 

the knee joint of one hind limb and the overlying connective tissue 

dissected to visualize the knee’s MCL. Next, the MCL and overlying 

fascia were completely transected horizontally with a sharp blade. 

Immediately following injury, the appropriate cellular therapy based on 

experimental group assignment (Table 1) was applied to the injury site 

using absorbable gelatin sponge (Gelfoam®) to help keep the therapy in 

place. For controls, saline was used as the therapeutic option. The skin 

incision was closed with surgical staples and the surgical procedure was 

repeated for the opposite side. For Sham group, the skin was opened and 

the ligament visualized as described above, but no injury was made. Post- 

operatively the rats received buprenorphine (0.01mg/kg sc, bid) for pain 

control for the first 48 hours and were given unrestricted cage activity. 

The rats were monitored at least once daily for days for any signs of pain 

or discomfort. 

Tissue Harvesting 

Rats were euthanized days post surgery following approved procedure 

(inhalation). Both MCLs from each rat were completely dissected from the 

bone and proximal-distal orientation was marked. 
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Harvested MCLS were immediately fixed in 10% formalin for 48 

hours, and embedded in paraffin. Sections were cut at 7, mounted on 

microscope slides and stained. Hematoxylin and eosin (H&E) and 

Alcian blue (pH 2.5) stains were performed to examine the collagen 

fibers, cellularity, vascularity and glycosaminoglycan content (GAG), 

a main component of ECM, in the injured ligament tissue. 

Histological Analysis and Grading 
Histological analysis was performed by a musculoskeletal pathologist 

with extensive experience in qualitative analysis of soft tissue, blinded 

to the treatment groups. Histological analysis was completed in one 

sitting by the same musculoskeletal pathologist to decrease variability 

and bias. Light microscopy at multiple magnifications (10x, 20x,40x) 

was used to examine each sample and digital images of MCL 

specimens were taken at 10x magnification. H&E slides were scored 

using a 0 to +3 grading scale (0 = normal, 1 = slightly increased, 2 = 

moderately increased, 3 = highly increased) on each of the following 

variables; degree of cellularity, change in collagen as evidence by 

difference in thickness and color of collagen representing new or 

regenerative collagen fibers, degree of vascularity, and evidence of 

inflammation [27]. Scores were assigned to each MCL sample for 

each variable immediately after examination. Alcian blue specimens 

were also scored using a similar 0 to +3 grading scale based on 

intensity and extent of blue color. 

Statistical Analysis 

Statistical analysis was performed by Statistical Analysis Software 

(SAS) (Copyright, SAS Institute Inc. SAS and all other SAS Institute 

Inc. product or service names are registered trademarks or trademarks 

of SAS Institute Inc., Cary, NC, USA). 

Fischer’s exact tests were performed for each graded variable to 

compare differences across all injured groups (Table 2; across all 

groups) as well as for pair wise comparisons between controls versus 

treatment groups and treatment versus treatment groups (Table 2 and 

Table 3). In addition, pairwise comparisons were adjusted for multiple 

comparisons [28]. For analyses comparing differences across all 

groups, a p < 0.05 value was declared as significant. For pair wise 

comparisons a p value <0.05 value was declared as nominally 

significant and a p < 0.008 as corrected significance (multiple testing 

adjusted p-value). 
 

 

Table 2: Fischer’s Exact Comparisons Across All Injury Groups and 

Pairwise    Comparisons    for     Control     versus     Treatment 

Groups. *Significant corrected for multiple comparisons: p < 0.008 (p 

< 0.05) 

 
Table 3: Fischer’s Exact Pair-wise Comparisons for Treatment 

Groups. *Significant corrected for multiple comparisons: p < 0.008 (p 

< 0.05). 

Results 

No complications were observed following surgery or throughout the 

observation period. Post-surgery, rats did not exhibit any signs of 

ligamentous injury such as a limp or altered gait. Data demographics are 

shown in table 4. H&E slides were analyzed for degree of cellularity, 

change in collagen, vascularity, and inflammation. Sham group received 

grades of 0 for all variables indicating normal ligament tissue. 
 

 

Table 4: Data Demographics Showing the Number of Graded Slides for 

Each Experimental Group. * Indicated groups with 1 or more slides not 

used for histological analysis due to inadequate tissue Spearman 

correlation coefficients for the measured variables revealed that increase 

cellularity and regeneration of collagen fibers were highly correlated (r = 

0.996). The remaining variables demonstrated either mild ) or moderate) 

correlation to each other (Table 5). 
 

 

Table 5: Spearmen Correlation Coefficients between   Grade 

Variables. *High correlation (> 0.9), Moderate correlation (~0.6-0.7), 

Mild correlation (~0.4) 

Treatment groups (MSCs, PRP, MSCs & PRP) and controls demonstrated 

histological differences in early ligament healing across all graded 

variables relative to a healthy medial collateral ligament. () Fisher’s exact 

test indicated significant histological differences during the 

proliferative/repair phase of ligament healing among injury groups 

(Controls, MSCs, MSCs & PRP, PRP) in degree of cellularity, 

regeneration of collagen fibers, degree of vascularity and inflammation (; 

across all groups). Pairwise comparisons revealed the allogeneic MSCs 

group differed nominally from controls in inflammation and degree of 

vascularity. For the PRP group, nominal significance when compared to 

controls was observed in degree of cellularity, regeneration of collagen 

fibers, inflammation, and vascularity. The combination allogeneic MSCs 

& PRP group demonstrated nominal histological significant differences in 

both inflammation and vascularity when compared to controls (See Table 

2). Following correction for multiple comparisons, only the combined 

MSCs & PRP group reached significance histologically for degree of 

cellularity (p = 9.04 x10-4) and regeneration of collagen fibers (p 

= 6.58x10-4) when compared to controls during the proliferative/repair 

phase of ligament healing (Table 2). Treatment groups did not differ 

significantly from each other for any of the above variables (Table 3). The 

area of tissue involved in the healing process was significantly different 

among injured groups (p = 0.0021) with PRP and combination allogeneic 

MSCs & PRP having a significantly greater area of tissue involved then 

controls (p < 0.05). 
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Alcian blue staining was used to determine histological changes in the 

glycosaminoglycan (GAG) content of the extracellular matrix (ECM) 

(Figure 1). All treatment groups and controls demonstrated on average 

an increase in GAG content within the extracellular matrix compared 

to a healthy MCL (Figure 1). Fischer’s exact test revealed significant 

differences in GAG content among injured groups (p = 0.0085). In 

addition the PRP group demonstrated nominal significance in increase 

glycosaminoglycan content when compared to controls (Table 2). 

Treatment groups did not differ significantly with respect to GAG 

content except the PRP group, which reached significance in increased 

GAG content when compared to MSCs alone (p = 0.006) (Table 3). 
 

 

Figure 1: Representative histologic sections preformed on Rat Medial 

Collateral Ligaments 14 ± 2 days after injury. Healthy ligament (Row 

A), Shams (Row B), CONTROLS (Row C), MSCS (Row D), PRP 

(Row E) MSC & PRP (Row F). Circle with Brackets indicate 

collagen fiber, with bracket indicating width of fiber. White arrows 

marks lymphocytes. Black arrows mark areas of prominent staining 

within Alcian Blue slides. Black circles outline blood vessels. 

Discussion 

The purpose of this study was to to evaluate using a rat MCL model 

the histological effects of three different therapies intended to promote 

soft tissue healing during the early phases of ligament regeneration. 

Previous in-vivo studies investigating the healing properties of 

combining MSCs and PRP therapy have focused mainly on cartilage 

or bone defects. Our animal study looks at the potential additive 

effects at the histological level of combining allogeneic BM derived 

MSCs and PRP therapy for soft tissue healing. This current study 

examines early phases of ligament healing ≤ 14 ± 2 days), particularly 

the proliferative or regenerative/repair phase, enabling the 

examination of the basic histological changes that occur early on in 

the ligament tissue, thereby providing key insight and focus for future 

cell based therapy studies. Previous studies have used autogenic 

MSCs and employed a different type of injury [27]. Instead, in the 

current study we used an established rat MCL injury model to create a 

complete disruption of the MCL ligament. These characteristics make 

the results of this study distinct from previous studies [8,9,20,23]. 

Although a ruptured MCL has the ability to heal, prior studies have 

indicated inferior mechanical properties in the healed ligament one 

year after injury [22,29]. 

Previously, normal healing of the rat MCL was demonstrated to be an 

inflammatory driven process that resulted in inferior scar-like tissue 

[20,30]. The healing process is described to have three overlapping 

phases; inflammatory (day 0-day 5), proliferative or regenerative/repair 

phase (day 3-day 21) and remodeling (day 14-21-months) [20,31]. During 

the initial phases an influx of growth factors, cytokines and blood vessels 

are observed that help promote the healing process. Additionally, the 

proliferative phase or regenerative/repair phase demonstrates an influx in 

glycoproteins, proteoglycans and fibroblasts for collagen formation. These 

deposited collagen fibers mark the cornerstone of the regenerated tissue, 

maturing and organizing during the remodeling phase [32]. These 

attributes make the proliferative/repair phase a key time point to assess the 

early effects and regenerative properties of the various cell-based 

treatments. Additionally, the correlation of graded variables within the 

study emphasizes that although independent, these biological processes 

work together as part of the larger soft-tissue healing response. 

Only the combination allogeneic MSCs & PRP group histologically 

displayed (p < 0.008) an increased degree of cellularity and regeneration 

of collagen fibers when compared to controls (Cellularity p-value = 

9.04x10-4, Collagen p-value = 6.58x10-4) (Table 2). Both MSCs and PRP 

therapy look to prevent the formation of scar tissue by promoting healthy 

tissue regeneration through various mechanisms. In addition to MSCs’ 

differentiation and direct engraftment ability, MSCs also have important 

paracrine effects. Implanted MSCs have been shown to increase the 

secretion of a variety of cytokines and growth factors and attract other 

local and distant cells from the host [33]. These signals stimulate various 

internal cells, playing important roles in promoting tissue recovery. 

Although in our study the MSCs were harvested from the bone marrow of 

an adult male GFP Sprague-Dawley rat we were not able to detect GFP 14 

± 2 days post-injury with immunofluorescent staining. While previous 

studies have indicated difficulty staining for GFP in transgenic mice 

[29,34], this suggests the possibility the tissue effects seen in the MSCs 

groups may be a result of paracrine effects instead of direct differentiation. 

Indeed, therapeutic benefits in organ damage have been seen with MSCs 

therapy without any evidence of sustained engraftment [33]. 

Previously, Martino et al found that injured sheep tendons treated with 

PRP, autogenic MSCs or both also demonstrated an increase in collagen 

when compared to controls [27]. These data support a possible additive 

effect of combining therapies (MSC & PRP) on the early stages of 

ligament healing. 

There are several potential benefits for using allogeneic MSCs versus 

autogenic MSCs for cell-based therapies. The use of donor cells spares the 

patients from the risks and discomforts of cell-harvesting procedures from 

the iliac crest and also allows for collection of MSCs from optimal donors 

[35]. Recent studies have concluded that the allogeneic MSCs showed no 

significant alloimmune reactions and found the safety profile to be 

equivalent between the two groups [36]. Additionally using allogeneic 

MSCs/PRP has the potential to standardize the quantity and quality of 

these products, improving outcomes [37]. Furthermore producing these 

cells can be prepared ahead of time allowing immediate application when 

needed by patients making the clinical application of MSCs for tissue 

regeneration in orthopaedic medicine more readily achievable [38]. 

When treatment groups were compared to each other no individual 

treatment groups differed significantly (p > 0.008) from another with 

respect to cellularity, collagen fibers, vascularity or inflammation. Due to 

the similar processes induced by both therapies, it is possible that a larger 

sample size is needed to fully observe statically significant differences 

between treatment groups. One area that did display significant differences 

among treatment groups was the extent of glycosaminoglycan (GAG) 

content within the extracellular matrix (ECM). The PRP group displayed 

statistically significant increased GAG content when compared to the 

MSCs treatment group (p = 0.006). PRP was indicated previously to 

stimulate matrix biosynthesis in chondrocytes [36-39]. Following injury, 

GAGs help regulate inflammatory cell function and contribute to 

fibrogenesis [18,41-44]. Changes in GAG content have also been 

associated with scar formation and degenerative tissue [45-47]. These data 

suggest differences in the healing response stimulated by each therapy. 

http://www.auctoresonline.org/


J Orthopaedics and Surgical Sports Medicine 

  Auctores Publishing – Volume1-010 www.auctoresonline.org Page - 05   

 

 

There are several limitations within this animal model. A surgically 

transected rat MCL is not equivalent to a torn human MCL; however, 

the biological processes are similar suggesting the results to be 

applicable for human MCL injury [20]. Although we found no 

changes in gait after transection of the MCL, the biological changes 

observed were compatible with significant injury. Previous studies 

have shown that the remodeling phase of the rat MCL healing process 

extends months past injury. Our results show potentially positive 

effects of combining MSCs and PRP during the early stages of 

ligament healing; however, a larger study with a longer observation 

period would be helpful to follow the healing process to its 

completion. This could help determine whether the regenerative tissue 

is of normal ligament tissue quality or of that of scar tissue. In 

addition, a study with multiple sacrificial time points would be helpful 

to determine at what point during the healing process does combining 

MSCs & PRP therapy demonstrates the most benefits toward soft- 

tissue healing. Although the focus of this study was to examine 

changes at the histological level, a study with biomechanical testing at 

the completion of the healing process would allow one to assess the 

overall functional behavior of the regenerative ligament tissue. 

There are a variety of PRP formulations currently used in both clinical 

practice and research due in combination to individual variability of 

platelet concentration as well as different commercially available PRP 

centrifuge protocols. There is currently no consensus of what the 

optimal PRP concentration is for tissue regenerationThe PRP protocol 

used for this study (Arthrex (ACP) Double Syringe centrifuge 

system™ (Arthex, Inc, Naples, Florida)) employs a plasma-base 

method to create Autologous Conditioned Plasma (ACP), a PRP 

formulation with generally 2x-3x baseline platelet concentration [49]. 

This specific protocol was applied because of the familiarity with it in 

our clinical practice. 

Conclusion 

In conclusion, this was a histological study that focused on the effects 

of different cell-based therapies at a critical time point during the soft- 

tissue healing process. While preliminary, these data suggest that at 

the peak of the proliferative/regenerative & repair phase of after 

ligament injury, combining MSCs and PRP therapy significantly 

increases cellularity and regeneration of collagen fibers when 

compared to controls and Sham ligaments. In addition, PRP influences 

GAG content within the ECM during the post-injury process. We have 

shown that combining allogeneic MSCs and PRP therapy leads to a 

significant histological response during the post-injury process. This 

preliminary study demonstrates that additional functional and 

biomechanical studies are warranted to determine the extent that 

inflammatory response versus tissue regeneration is contributing to the 

findings reported here. Collectively, these data support the potential 

benefit of cell-based therapies for soft tissue injuries and the 

translations of these therapies into clinical care. 

References 

1. Correa D,   Goldberg   VM.   Stem   cell   therapy   in 

orthopaedics. AAOSNow 2012, (6(12)). 

2. Awad HA, Butler DL, Boivin GP, Smith FN, Malaviya P, 

Huibregtse B, et al. Autologous mesenchymal stem cell-mediated 

repair of tendon. Tissue Eng. 1999;5(3):267-77. 

3. Dave LY, Nyland J, McKee PB, Caborn DN. Mesenchymal stem 

cell therapy in the sports knee: where are we in 2011?. Sports 

Health. 2012;4(3):252-257. 

4. Koga H, Engebretsen L, Brinchmann JE, Muneta T, Sekiya I. 

Mesenchymal stem cell-based therapy for cartilage repair: a 

review. Knee Surg Sports Traumatol Arthrosc. 2009;17(11):1289- 

1297. doi: 10.1007/s00167-009-0782-4. 

5. Koga H, Muneta T, Nagase T, Nimura A, Ju YJ, Mochizuki T, et 

al. Comparison of mesenchymal tissues-derived stem cells for in 

vivo chondrogenesis: suitable conditions for cell therapy of 

cartilage defects in rabbit. Cell Tissue Res. 2008;333(2):207-15. 

doi: 10.1007/s00441-008-0633-5. 

6. 

Porada CD, Almeida-Porada G. Mesenchymal stem cells as 

therapeutics and vehicles for gene and drug delivery. Adv Drug Deliv 

Rev. 2010;62(12):1156-66. doi: 10.1016/j.addr.2010.08.010. 

7. Schmitt A, van Griensven M, Imhoff AB, Buchmann S. Application 

of stem cells in orthopedics. Stem Cells Int. 2012;2012:394962. doi: 

10.1155/2012/394962. 

8. Watanabe N, Woo SL, Papageorgiou C, Celechovsky C, Takai S. 

Fate of donor bone marrow cells in medial collateral ligament after 

simulated autologous transplantation. Microsc Res Tech. 

2002;58(1):39-44. 

9. Nishimori M, Matsumoto T, Ota S, Kopf S, Mifune Y, Harner C, 

Ochi M, et al. Role of angiogenesis after muscle derived stem cell 

transplantation in injured medial collateral ligament. J Orthop Res. 

2012;30(4):627-33. doi: 10.1002/jor.21551. 

10. Batten ML, Hansen JC, Dahners LE. Influence of dosage and timing 

of application of platelet-derived growth factor on early healing of 

the rat medial collateral ligament. J Orthop Res. 1996;14(5):736-41. 

11. Edwards SG, Calandruccio JH. Autologous blood injections for 

refractory lateral epicondylitis. J Hand Surg Am. 2003;28(2):272-8. 

12. Foster TE, Puskas BL, Mandelbaum BR, Gerhardt MB, Rodeo SA. 

Platelet-rich plasma: from basic science to clinical applications. Am J 

Sports Med. 2009;37(11):2259-72. doi: 10.1177/0363546509349921. 

13. Mifune Y, Matsumoto T, Takayama K, Ota S, Li H, Meszaros LB, et 

al. The effect of platelet-rich plasma on the regenerative therapy of 

muscle derived stem cells for articular cartilage repair. Osteoarthritis 

Cartilage. 2013;21(1):175-85. doi: 10.1016/j.joca.2012.09.018. 

14. Sun Y, Feng Y, Zhang CQ, Chen SB, Cheng XG. The regenerative 

effect of platelet-rich plasma on healing in large osteochondral 

defects. Int Orthop. 2010;34(4):589-97. doi: 10.1007/s00264-009- 

0793-2. 

15. Yu W, Wang J, Yin J. Platelet-rich plasma: a promising product for 

treatment of peripheral nerve regeneration after nerve injury. Int J 

Neurosci. 2011;121(4):176-80. doi: 10.3109/00207454.2010.544432. 

16. Aspenberg P, Virchenko O. Platelet concentrate injection improves 

Achilles tendon repair in rats. Acta Orthop Scand. 2004;75(1):93-9. 

17. Mei-Dan O, Lippi G, Sanchez M, Andia I, Maffulli N. Autologous 

platelet-rich plasma: a revolution in soft tissue sports injury 

management?. Phys Sportsmed. 2010;38(4):127-35. doi: 

10.3810/psm.2010.12.1835. 

18. Raghow R. The role of extracellular matrix in postinflammatory 

wound healing and fibrosis. FASEB J. 1994;8(11):823-31. 

19. Miyamoto RG, Bosco JA, Sherman OH. Treatment of medial 

collateral ligament injuries. J Am Acad Orthop Surg. 2009;17(3):152- 

61. 

20. Chamberlain CS, Crowley E, Vanderby R. The spatio-temporal 

dynamics of ligament healing. Wound Repair Regen. 

2009;17(2):206-15. doi: 10.1111/j.1524-475X.2009.00465.x. 

21. Lin TW, Cardenas L, Soslowsky LJ. Biomechanics of tendon injury 

and repair. J Biomech. 2004;37(6):865-877. 

22. Chamberlain CS, Crowley EM, Kobayashi H, Eliceiri KW, Vanderby 

R. Quantification of collagen organization and extracellular matrix 

factors within the healing ligament. Microsc Microanal. 

2011;17(5):779-787. doi: 10.1017/S1431927611011925. 

23. Tei K, Matsumoto T, Mifune Y, Ishida K, Sasaki K, Shoji T, et al. 

Administrations of peripheral blood CD34-positive cells contribute to 

medial collateral ligament healing via vasculogenesis. Stem Cells. 

2008;26(3):819-830. doi: 10.1634/stemcells.2007-0671. 

24. Hatzistergos KE, Quevedo H, Oskouei BN, Hu Q, Feigenbaum GS, 

Margitich IS, et al. Bone marrow mesenchymal stem cells stimulate 

cardiac stem cell proliferation and differentiation. Circulation 

research. 2010;107(7):913-922. doi: 10.1161/ 

CIRCRESAHA.110.222703. 

25. Yavagal DR, Lin B, Raval AP, Garza PS, Dong C, Zhao W, et al. 

Efficacy and Dose-Dependent Safety of Intra-Arterial Delivery of 

Mesenchymal Stem Cells in a Rodent Stroke Model. PLoS One. 

2014;9(5):e93735. doi: 10.1371/journal.pone.0093735. 

http://www.auctoresonline.org/
http://www.ncbi.nlm.nih.gov/pubmed/10434073
http://www.ncbi.nlm.nih.gov/pubmed/10434073
http://www.ncbi.nlm.nih.gov/pubmed/10434073
http://www.ncbi.nlm.nih.gov/pubmed/23016095
http://www.ncbi.nlm.nih.gov/pubmed/23016095
http://www.ncbi.nlm.nih.gov/pubmed/23016095
http://www.ncbi.nlm.nih.gov/pubmed/19333576
http://www.ncbi.nlm.nih.gov/pubmed/19333576
http://www.ncbi.nlm.nih.gov/pubmed/19333576
http://www.ncbi.nlm.nih.gov/pubmed/19333576
http://www.ncbi.nlm.nih.gov/pubmed/18560897
http://www.ncbi.nlm.nih.gov/pubmed/18560897
http://www.ncbi.nlm.nih.gov/pubmed/18560897
http://www.ncbi.nlm.nih.gov/pubmed/18560897
http://www.ncbi.nlm.nih.gov/pubmed/18560897
http://www.ncbi.nlm.nih.gov/pubmed/20828588
http://www.ncbi.nlm.nih.gov/pubmed/20828588
http://www.ncbi.nlm.nih.gov/pubmed/20828588
http://www.ncbi.nlm.nih.gov/pubmed/20828588
http://www.ncbi.nlm.nih.gov/pubmed/22550505
http://www.ncbi.nlm.nih.gov/pubmed/22550505
http://www.ncbi.nlm.nih.gov/pubmed/22550505
http://www.ncbi.nlm.nih.gov/pubmed/12112421
http://www.ncbi.nlm.nih.gov/pubmed/12112421
http://www.ncbi.nlm.nih.gov/pubmed/12112421
http://www.ncbi.nlm.nih.gov/pubmed/12112421
http://www.ncbi.nlm.nih.gov/pubmed/21913220
http://www.ncbi.nlm.nih.gov/pubmed/21913220
http://www.ncbi.nlm.nih.gov/pubmed/21913220
http://www.ncbi.nlm.nih.gov/pubmed/21913220
http://www.ncbi.nlm.nih.gov/pubmed/8893766
http://www.ncbi.nlm.nih.gov/pubmed/8893766
http://www.ncbi.nlm.nih.gov/pubmed/8893766
http://www.ncbi.nlm.nih.gov/pubmed/12671860
http://www.ncbi.nlm.nih.gov/pubmed/12671860
http://www.ncbi.nlm.nih.gov/pubmed/19875361
http://www.ncbi.nlm.nih.gov/pubmed/19875361
http://www.ncbi.nlm.nih.gov/pubmed/19875361
http://www.ncbi.nlm.nih.gov/pubmed/23041435
http://www.ncbi.nlm.nih.gov/pubmed/23041435
http://www.ncbi.nlm.nih.gov/pubmed/23041435
http://www.ncbi.nlm.nih.gov/pubmed/23041435
http://www.ncbi.nlm.nih.gov/pubmed/19434411
http://www.ncbi.nlm.nih.gov/pubmed/19434411
http://www.ncbi.nlm.nih.gov/pubmed/19434411
http://www.ncbi.nlm.nih.gov/pubmed/19434411
http://www.ncbi.nlm.nih.gov/pubmed/21244302
http://www.ncbi.nlm.nih.gov/pubmed/21244302
http://www.ncbi.nlm.nih.gov/pubmed/21244302
http://www.ncbi.nlm.nih.gov/pubmed/15022816
http://www.ncbi.nlm.nih.gov/pubmed/15022816
http://www.ncbi.nlm.nih.gov/pubmed/21150152
http://www.ncbi.nlm.nih.gov/pubmed/21150152
http://www.ncbi.nlm.nih.gov/pubmed/21150152
http://www.ncbi.nlm.nih.gov/pubmed/21150152
http://www.ncbi.nlm.nih.gov/pubmed/8070631
http://www.ncbi.nlm.nih.gov/pubmed/8070631
http://www.ncbi.nlm.nih.gov/pubmed/19264708
http://www.ncbi.nlm.nih.gov/pubmed/19264708
http://www.ncbi.nlm.nih.gov/pubmed/19264708
http://www.ncbi.nlm.nih.gov/pubmed/19320889
http://www.ncbi.nlm.nih.gov/pubmed/19320889
http://www.ncbi.nlm.nih.gov/pubmed/19320889
http://www.ncbi.nlm.nih.gov/pubmed/15111074
http://www.ncbi.nlm.nih.gov/pubmed/15111074
http://www.ncbi.nlm.nih.gov/pubmed/21910939
http://www.ncbi.nlm.nih.gov/pubmed/21910939
http://www.ncbi.nlm.nih.gov/pubmed/21910939
http://www.ncbi.nlm.nih.gov/pubmed/21910939
http://www.ncbi.nlm.nih.gov/pubmed/18192236
http://www.ncbi.nlm.nih.gov/pubmed/18192236
http://www.ncbi.nlm.nih.gov/pubmed/18192236
http://www.ncbi.nlm.nih.gov/pubmed/18192236
http://www.ncbi.nlm.nih.gov/pubmed/20671238
http://www.ncbi.nlm.nih.gov/pubmed/20671238
http://www.ncbi.nlm.nih.gov/pubmed/20671238
http://www.ncbi.nlm.nih.gov/pubmed/20671238
http://www.ncbi.nlm.nih.gov/pubmed/20671238
http://www.ncbi.nlm.nih.gov/pubmed/24807059
http://www.ncbi.nlm.nih.gov/pubmed/24807059
http://www.ncbi.nlm.nih.gov/pubmed/24807059
http://www.ncbi.nlm.nih.gov/pubmed/24807059


J Orthopaedics and Surgical Sports Medicine 

  Auctores Publishing – Volume1-010 www.auctoresonline.org Page - 06   

 

 

26. Karantalis V, DiFede DL, Gerstenblith G, Pham S, Symes J, 

Zambrano JP, et al. Autologous mesenchymal stem cells produce 

concordant improvements in regional function, tissue perfusion, 

and fibrotic burden when administered to patients undergoing 

coronary artery bypass grafting: The Prospective Randomized 

Study of Mesenchymal Stem Cell Therapy in Patients Undergoing 

Cardiac Surgery (PROMETHEUS) trial. Circ Res. 

2014;114(8):1302-10. doi: 10.1161/CIRCRESAHA.114.303180. 

27. Martinello T, Bronzini I, Perazzi A, Testoni S, De Benedictis GM, 

Negro A, et al. Effects of in vivo applications of peripheral blood- 

derived mesenchymal stromal cells (PB-MSCs) and platelet-rich 

plasma (PRP) on experimentally injured deep digital flexor 

tendons of sheep. J Orthop Res. 2013;31(2):306-14. doi: 

10.1002/jor.22205. 

28. Abdi H. Bonferroni and Šidák corrections for multiple 

comparisons. Thousand Oaks, CA: Sage; 2007. 

29. Toth ZE, Shahar T, Leker R, Szalayova I, Bratincsak A, Key S, et 

al. Sensitive detection of GFP utilizing tyramide signal 

amplification to overcome gene silencing. Exp Cell Res. 

2007;313(9):1943-50. 

30. Franchi M, Quaranta M, Macciocca M, Leonardi L, Ottani V, 

Bianchini P, et al. Collagen fibre arrangement and functional 

crimping pattern of the medial collateral ligament in the rat knee. 

Knee Surg Sports Traumatol Arthrosc. 2010;18(12):1671-8. doi: 

10.1007/s00167-010-1084-6. 

31. Frank C, Schachar N, Dittrich D. Natural history of healing in the 

repaired medial collateral ligament. J Orthop Res. 1983;1(2):179- 

188. 

32. Hauser RA, Dolan EE, Phillips HJ, Newlin AC, Moore RE, 

Woldin BA. Ligament injury and healing: A review of current 

clinical diagnostics and therapeutics. Open Rehabilitation Journal. 

2013;(6):1-20. 

33. Hoffmann A, Gross G. Tendon and ligament engineering in the 

adult organism: mesenchymal stem cells and gene-therapeutic 

approaches. Int Orthop. 2007;31(6):791-797. 

34. Inoue H, Ohsawa I, Murakami T, Kimura A, Hakamata Y, Sato Y, 

et al. Development of new inbred transgenic strains of rats with 

LacZ or GFP. Biochem Biophys Res Commun. 2005;329(1):288- 

295. 

35. Ryan JM, Barry FP, Murphy JM, Mahon BP. Mesenchymal stem 

cells avoid allogeneic rejection. J Inflamm (Lond). 2005;2:8. 

36. Hare JM, Fishman JE, Gerstenblith G, DiFede Velazquez DL, 

Zambrano JP, et al. Comparison of allogeneic vs autologous bone 

marrow-derived mesenchymal stem cells delivered by 

transendocardial injection in patients with ischemic 

cardiomyopathy: the POSEIDON randomized trial. JAMA. 

2012;308(22):2369-79. 

37. 

Intini G. The use of platelet?rich plasma in bone reconstruction 

therapy. Biomaterials. 2009;30(28):4956-66. doi: 

10.1016/j.biomaterials.2009.05.055. 

38. Pittenger MF, Martin BJ. Mesenchymal stem cells and their potential 

as cardiac therapeutics. Circ Res. 2004;95(1):9-20. 

39. Akeda K, An HS, Pichika R, Attawia M, Thonar EJ, Lenz ME, et al. 

Platelet-rich plasma (PRP) stimulates the extracellular matrix 

metabolism of porcine nucleus pulposus and anulus fibrosus cells 

cultured in alginate beads. Spine (Phila Pa 1976). 2006;31(9):959-966. 

40. Akeda K, An HS, Okuma M, Attawia M, Miyamoto K, Thonar EJ, et 

al. Platelet-rich plasma stimulates porcine articular chondrocyte 

proliferation and matrix biosynthesis. Osteoarthritis Cartilage. 

2006;14(12):1272-1280. 

41. Jo CH, Kim JE, Yoon KS, Shin S. Platelet-rich plasma stimulates cell 

proliferation and enhances matrix gene expression and synthesis in 

tenocytes from human rotator cuff tendons with degenerative tears. 

Am J Sports Med. 2012;40(5):1035-45. doi: 

10.1177/0363546512437525. 

42. Lujan TJ, Underwood CJ, Jacobs NT, Weiss JA. Contribution of 

glycosaminoglycans to viscoelastic tensile behavior of human 

ligament. J Appl Physiol (1985). 2009;106(2):423-31. doi: 

10.1152/japplphysiol.90748.2008. 

43. Marui T, Niyibizi C, Georgescu HI, Cao M, Kavalkovich KW, Levine 

RE, et al. Effect of growth factors on matrix synthesis by ligament 

fibroblasts. J Orthop Res. 1997;15(1):18-23. 

44. Okabe K, Yamada Y, Ito K, Kohgo T, Yoshimi R, Ueda M. Injectable 

soft-tissue augmentation by tissue engineering and regenerative 

medicine with human mesenchymal stromal cells, platelet-rich plasma 

and hyaluronic acid scaffolds. Cytotherapy. 2009;11(3):307-16. doi: 

10.1080/14653240902824773. 

45. Bertolami CN, Messadi DV. The role of proteoglycans in hard and soft 

tissue repair. Crit Rev Oral Biol Med. 1994;5(3-4):311-337. 

46. Nogami R, Maekawa Y, Kudo S. Glycosaminoglycan content in the 

media of cultured dermal fibroblasts derived from burn scar and 

normal skin. J Dermatol. 1989;16(1):42-6. 

47. Savage K, Swann DA. A comparison of glycosaminoglycan synthesis 

by human fibroblasts from normal skin, normal scar, and hypertrophic 

scar. J Invest Dermatol. 1985;84(6):521-526. 

48. DeLong JM, Russell RP, Mazzocca AD. Platelet-rich plasma: the 

PAW classification system. Arthroscopy. 2012;28(7):998-1009. doi: 

10.1016/j.arthro.2012.04.148. 

49. Arthrex. Arthrex ACPTM Double Syringe System Autologous 

Conditioned Plasma. Brochure LB0810F 2011. 

http://www.auctoresonline.org/
http://www.ncbi.nlm.nih.gov/pubmed/24565698
http://www.ncbi.nlm.nih.gov/pubmed/24565698
http://www.ncbi.nlm.nih.gov/pubmed/24565698
http://www.ncbi.nlm.nih.gov/pubmed/24565698
http://www.ncbi.nlm.nih.gov/pubmed/24565698
http://www.ncbi.nlm.nih.gov/pubmed/24565698
http://www.ncbi.nlm.nih.gov/pubmed/24565698
http://www.ncbi.nlm.nih.gov/pubmed/24565698
http://www.ncbi.nlm.nih.gov/pubmed/22893604
http://www.ncbi.nlm.nih.gov/pubmed/22893604
http://www.ncbi.nlm.nih.gov/pubmed/22893604
http://www.ncbi.nlm.nih.gov/pubmed/22893604
http://www.ncbi.nlm.nih.gov/pubmed/22893604
http://www.ncbi.nlm.nih.gov/pubmed/22893604
http://www.ncbi.nlm.nih.gov/pubmed/17428464
http://www.ncbi.nlm.nih.gov/pubmed/17428464
http://www.ncbi.nlm.nih.gov/pubmed/17428464
http://www.ncbi.nlm.nih.gov/pubmed/17428464
http://www.ncbi.nlm.nih.gov/pubmed/20182866
http://www.ncbi.nlm.nih.gov/pubmed/20182866
http://www.ncbi.nlm.nih.gov/pubmed/20182866
http://www.ncbi.nlm.nih.gov/pubmed/20182866
http://www.ncbi.nlm.nih.gov/pubmed/20182866
http://www.ncbi.nlm.nih.gov/pubmed/6679860
http://www.ncbi.nlm.nih.gov/pubmed/6679860
http://www.ncbi.nlm.nih.gov/pubmed/6679860
http://benthamopen.com/contents/pdf/TOREHJ/TOREHJ-6-1.pdf
http://benthamopen.com/contents/pdf/TOREHJ/TOREHJ-6-1.pdf
http://benthamopen.com/contents/pdf/TOREHJ/TOREHJ-6-1.pdf
http://benthamopen.com/contents/pdf/TOREHJ/TOREHJ-6-1.pdf
http://www.ncbi.nlm.nih.gov/pubmed/17634943
http://www.ncbi.nlm.nih.gov/pubmed/17634943
http://www.ncbi.nlm.nih.gov/pubmed/17634943
http://www.ncbi.nlm.nih.gov/pubmed/15721305
http://www.ncbi.nlm.nih.gov/pubmed/15721305
http://www.ncbi.nlm.nih.gov/pubmed/15721305
http://www.ncbi.nlm.nih.gov/pubmed/15721305
http://www.ncbi.nlm.nih.gov/pubmed/16045800
http://www.ncbi.nlm.nih.gov/pubmed/16045800
http://www.ncbi.nlm.nih.gov/pubmed/23117550
http://www.ncbi.nlm.nih.gov/pubmed/23117550
http://www.ncbi.nlm.nih.gov/pubmed/23117550
http://www.ncbi.nlm.nih.gov/pubmed/23117550
http://www.ncbi.nlm.nih.gov/pubmed/23117550
http://www.ncbi.nlm.nih.gov/pubmed/23117550
http://www.ncbi.nlm.nih.gov/pubmed/19573909
http://www.ncbi.nlm.nih.gov/pubmed/19573909
http://www.ncbi.nlm.nih.gov/pubmed/19573909
http://www.ncbi.nlm.nih.gov/pubmed/19573909
http://www.ncbi.nlm.nih.gov/pubmed/15242981
http://www.ncbi.nlm.nih.gov/pubmed/15242981
http://www.ncbi.nlm.nih.gov/pubmed/16641770
http://www.ncbi.nlm.nih.gov/pubmed/16641770
http://www.ncbi.nlm.nih.gov/pubmed/16641770
http://www.ncbi.nlm.nih.gov/pubmed/16641770
http://www.ncbi.nlm.nih.gov/pubmed/16820306
http://www.ncbi.nlm.nih.gov/pubmed/16820306
http://www.ncbi.nlm.nih.gov/pubmed/16820306
http://www.ncbi.nlm.nih.gov/pubmed/16820306
http://www.ncbi.nlm.nih.gov/pubmed/22366517
http://www.ncbi.nlm.nih.gov/pubmed/22366517
http://www.ncbi.nlm.nih.gov/pubmed/22366517
http://www.ncbi.nlm.nih.gov/pubmed/22366517
http://www.ncbi.nlm.nih.gov/pubmed/22366517
http://www.ncbi.nlm.nih.gov/pubmed/19074575
http://www.ncbi.nlm.nih.gov/pubmed/19074575
http://www.ncbi.nlm.nih.gov/pubmed/19074575
http://www.ncbi.nlm.nih.gov/pubmed/19074575
http://www.ncbi.nlm.nih.gov/pubmed/9066522
http://www.ncbi.nlm.nih.gov/pubmed/9066522
http://www.ncbi.nlm.nih.gov/pubmed/9066522
http://www.ncbi.nlm.nih.gov/pubmed/19333802
http://www.ncbi.nlm.nih.gov/pubmed/19333802
http://www.ncbi.nlm.nih.gov/pubmed/19333802
http://www.ncbi.nlm.nih.gov/pubmed/19333802
http://www.ncbi.nlm.nih.gov/pubmed/19333802
http://www.ncbi.nlm.nih.gov/pubmed/7703326
http://www.ncbi.nlm.nih.gov/pubmed/7703326
http://www.ncbi.nlm.nih.gov/pubmed/2656805
http://www.ncbi.nlm.nih.gov/pubmed/2656805
http://www.ncbi.nlm.nih.gov/pubmed/2656805
http://www.ncbi.nlm.nih.gov/pubmed/3998501
http://www.ncbi.nlm.nih.gov/pubmed/3998501
http://www.ncbi.nlm.nih.gov/pubmed/3998501
http://www.ncbi.nlm.nih.gov/pubmed/22738751
http://www.ncbi.nlm.nih.gov/pubmed/22738751
http://www.ncbi.nlm.nih.gov/pubmed/22738751
http://www.arthrexvetsystems.com/en/products/brochures/upload/Arthrex-ACP-Double-Syringe-System.pdf
http://www.arthrexvetsystems.com/en/products/brochures/upload/Arthrex-ACP-Double-Syringe-System.pdf

