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A B S T R A C T 

The primary aim of this study was to assess the therapeutic effects of autologous platelet-rich plasma and 

fibrin scaffolds combined with autologous adipose stem cells (ASCs) for critical-size defects in the pig 

mandible. Fibrin scaffolds supplemented with calcium hydrogen phosphate and platelet-derived growth 

factors were hypothesized to accelerate healing in porcine mandible bone compared to ASC-only injections 

and untreated controls. Three treatments included the use of autologous ASCs from liposuction with the 

addition of platelet-rich plasma, fibrin scaffolds, or as cell-only controls. All three treatments using ASCs 

were determined to increase bone mineral density and bone volume fraction compared to untreated controls. 

In general, the addition of both platelet-rich plasma and fibrin scaffolds to autologous ASCs from 

liposuction improved bone healing of critical-size defects. 

 

 

 

                                                                       © 2020 Matthew B. Wheeler. Hosting by Science Repository.  

 

Introduction 

 

Delayed or non-union bone defects do not heal spontaneously without 

clinical intervention and are the result of numerous clinical conditions, 

including tumor resections, congenital abnormalities, and traumatic 

injuries [1, 2]. About 500,000 patients in the United States are affected 

annually, an estimated 5-10% of all bone fractures [3, 4]. Tissue 

engineering and regenerative medicine focus on improving the healing 

of the patients. Specifically, in the area of bone healing/regeneration, the 

goal is the interaction with host tissues to stimulate regeneration and 

reduce the formation of scar tissue [5]. The “gold standard” for bone 

healing is still the autologous bone, with all its pros and cons [6, 7]. The 

newly regenerated bone would retain its ability to repair and remodel 

itself over the patient’s lifetime, potentially achieving similar levels of 

integration as an autograft without requiring the inconvenient second 

surgical site. The tissue engineering triad involves the use of scaffolds, 

growth factors, and cells [8]. Scaffolds provide an intermediate surface 

for cells to attach and guide the process of tissue formation. Over time, 
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these scaffolds are resorbed to make space for newly forming tissue. 

Growth factors provide instructions for migration, proliferation, and 

differentiation of cells to form bone and other important support 

structures such as vascular networks. The sources of these essential 

elements are important in determining the outcome of any proposed 

therapy.  

 

Currently, most tissue engineering strategies utilize synthetic scaffolds, 

recombinant growth factors, and/or culture-expanded stem cells. While 

both autografts and tissue engineering are the future of bone defect 

repair, it is possible that a hybrid, autologous tissue engineering 

approach, where cells, scaffolds, and growth factors are acquired from 

the patient, may capitalize on the advantages of each technique. An 

autologous tissue engineering method, as detailed in this research, has 

the potential to maintain similar performance and compatibility to an 

autograft without requiring harvesting of patient bone, thus avoiding 

associated complications. Blood may present an alternative source of 

autologous materials for use in craniofacial bone defect repair. 

Compared to the bone, blood is more accessible, more plentiful in 

supply, and results in less structural deformity following collection.  

 

Therapeutically, clotted blood and its derivatives, such as fibrin glue and 

fibrin sealant, have been recognized for their useful properties of 

hemostasis and tissue adhesion since the 1980s and have been widely 

used to reduce blood loss during and bleeding after surgical procedures 

[9-11]. Fibrin sealants can also be utilized as carriers for the release of 

drugs, such as growth factors and antibiotics, due to their 

biocompatibility and resorption in a matter of weeks. Past advances in 

the isolation, characterization, and differentiation of relatively rare adult 

stem cell populations have opened up new opportunities for the treatment 

of a wide range of clinical conditions. Due to their properties of 

promoting vascularization, modulating inflammation, and promoting 

tissue formation, adipose-derived stem cells (ASCs) have been 

investigated for treating muscular dystrophy, diabetes, autoimmune 

disorders, and graft versus host disease, among others [9, 12-15].  

 

While precise mechanisms of action for ASC healing of bone defects are 

unknown, vascular infusion or direct injection of undifferentiated ASCs 

have the potential to remedy critical-size bone defects by migration, 

proliferation, and differentiation into the proper cell types required by 

the regenerating tissue. Other effects include their generally anti-

inflammatory cytokine release profile and recruitment of surrounding 

cells by secretion of growth factors and cytokines [16]. At the site of a 

bone defect, ASCs may modulate the inflammatory response, recruit 

surrounding cells, and/or differentiate into osteoblasts to directly build 

new bone. The primary aim of this study was to assess the therapeutic 

effects of autologous platelet-rich plasma (PRP) and fibrin scaffolds 

combined with autologous ASCs for critical-size defects in the pig 

mandible. An autologous tissue engineering approach utilizing ASCs 

from lipoaspirate may improve the healing outcomes of critical-size 

bone defects. Combining blood-derived growth factors and fibrin 

scaffolds with adult stem cells derived from fat comprises an autologous 

tissue engineering construct, which may result in further improvements 

in bone healing. 

 

We chose the pig as the animal model for the similarity with humans: 

bone morphology, anatomy, and the comparable healing and remodeling 

process [17-19]. 

Materials and Methods 

 

I Liposuction 

 

The University of Illinois Institutional Animal Care and Use Committee 

approved all of the following procedures (IACUC #10014). Twelve 

female Yorkshire pigs (Sus scrofa domesticus) aged 1-3 years and 

weighing 170-275 kg were included in the study. For ASC extraction, 

liposuction was performed using standard protocols [20]. Following 

general anesthesia (5% Isoflurane, Baxter, Deerfield, IL) and sufficient 

skin sterilization with Betadine (Butler Animal Health, Dublin, OH), 

70% ethanol, and zephiran chloride (Winthrop Laboratories, New York, 

NY), pinpoint incisions were made at 4-6 locations on either side of the 

dorsal midline using a trocar. Sterile 0.9% saline (Vedco, St. Joseph, 

MO) with epinephrine (1 mg/L, IMS Limited, El Monte, CA) was 

injected into subcutaneous adipose deposition sites using a 60 mL 

syringe connected to a Cobra cannula (3 mm diameter, 25 cm length, 

Shippert Medical, Centennial, CO). Approximately 10-20 mL of saline 

was infused per injection and allowed to remain several minutes before 

collection to promote vasoconstriction and reduce blood loss. A 

liposuction cannula (Triport, 4 mm diameter, 15 cm length, Shippert 

Medical) connected to a suction pump (75 kPa, Schuco Inc., 

Indianapolis, IN) was inserted to collect the lipoaspirate (300-400 mL 

total). Liposuction time was 60-75 minutes. 

 

II Isolation of Adipose-Derived Stem Cells 

 

Collected lipoaspirate was added to 250 mL centrifuge tubes (Corning 

Inc., Corning, NY) and mixed on a shaker plate with an equal volume of 

type I collagenase (0.075%, Sigma C2674) for 60 minutes at 37°C to 

digest extracellular matrix [15, 21]. The mixture was centrifuged for 10 

minutes at 1400 rpm (547 X g) to separate low-density adipocytes from 

the higher-density stromal vascular cell fraction, which contains ASCs 

along with other additional cell types, such as fibroblasts, endothelial 

cells, and smooth muscle cells. The remaining cell pellet was removed 

and placed in 50 mL conical tubes to be centrifuged for 5 minutes at 

1400 rpm (547 X g). Two (2) mL of red blood cell lysis buffer (Sigma 

R7757, St. Louis, MO) was added to the pellet for 2 minutes, then diluted 

with PBS (Sigma D5773) and centrifuged for 5 minutes at 1400 rpm 

(547 X g). The isolation of ASCs was repeated 1-2 times to remove red 

blood cells. The final pellet was mixed with serum-free DMEM (Sigma 

D5648) and filtered with a 100 µm cell strainer (Fisher Scientific, Fair 

Lawn, NJ). Cells collected were split into two syringes, each having a 

volume of 5 mL. The total processing time for isolation of ASCs was 

120-150 minutes. Following 10% formalin (Fisher Scientific) fixation 

after 5 and 60 minutes, the number of nucleated cells was estimated 

using DAPI (Sigma D9542) staining and hemocytometer counting. A 

tracer amount (1 million) of GFP-ASCs was added to the cell injections 

of 3 pigs to analyse cell engraftment.  

 

III Surgical Procedures 

 

Following the completion of liposuction, pigs were placed in a supine 

position with sufficient padding. Lower jaws were shaved and sterilized 

before placing iodine (Ioban, 3M, St. Paul, MN) and thyroid drapes 

(Kimberly Clark, Roswell, GA). The initial approach through the skin 

was made by a scalpel and followed up by electrocautery pencil 

(ConMed, Utica, NY) through fat and muscle. The periosteum was 
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moved by the periosteal elevator. Transcortical osteotomies, 25 mm in 

diameter, were performed on the posterior region of the mandible 

(ramus) using a trephine (Irwin Tools, Huntersville, NC) and a power 

drill (Milwaukee Tools, Brookfield, WI) with adequate irrigation [14, 

22]. One surgical defect was created on each side of the ramus of the 

mandible (two total per pig). Removed bone cylinders were stored at -

20ºC for later analysis. 

 

Following removal of bone, the periosteum was sutured to form a pouch 

with 2-0 or 3-0 polyglactin resorbable suture (Vicryl, Ethicon, 

Somerville, NJ). Treatments (5 mL volume) were injected into the 

defect, and the periosteum was closed. Muscle, fat, and skin layers were 

then sutured continuously, and the wound was sealed with cyanoacrylate 

skin glue (Vetbond, 3M, St. Paul, MN). Pigs were administered an 

analgesic (Banamine, Purdue Products, Somerville, CT) and antibiotic 

(Excede, Pfizer, New York, NY) and allowed to recover. Pigs were 

maintained on a soft diet for 1-3 days post-surgery and then resumed 

standard feed. 

 

IV Blood Extraction and Processing  

 

Blood draws were used to acquire the fibrin scaffolds and PRP. For PRP, 

8.5 mL of blood was collected from the ear vein using a 21 gauge 

butterfly needle (Jorgenson, Loveland, CO) and a 10 mL syringe filled 

with 1.5 mL of 3.3% sodium citrate. Anticoagulated blood was 

transferred to 15 mL centrifuge tubes. Initial centrifugation was 

performed at 1800 rpm (905 X g) for 15 minutes for the removal of RBCs 

and the collection of plasma. A subsequent spin of collected plasma at 

3000 rpm (2510 X g) for 10 minutes separated platelets [23]. A total 

volume of 2-3 mL of PRP was collected for injection (1-1.5 mL per 

defect). Before injection, PRP was combined with cell/DMEM mixture 

(20% PRP concentration) and 50 µL of 10% calcium chloride for platelet 

activation. Cell-PRP mixture was then injected, and the periosteum 

closed. 

 

For fibrin scaffolds using whole blood, pigs were placed in a laterally 

recumbent position for each defect. 3-5 mL of blood was collected from 

the ear vein in a 10 mL syringe already containing 1 mL of cell/DMEM 

mixture and then quickly injected into the defect while still in the liquid 

phase. Calcium hydrogen phosphate (0.1 mL of 0.3 M) was added and 

stirred in the defect.  

 

V Computed Tomography  

 

Eight weeks post-surgery, pigs were humanely euthanized and the 

mandibles were collected for analysis of bone healing. Four freshly 

harvested whole mandibles were scanned using computed tomography 

(GE Medical Systems, Waukesha, WI) at the University of Illinois 

Veterinary Medicine Teaching Hospital. Scanning parameters were 120 

kV and 64 mA. Three-dimensional images were analysed for gross 

anatomical information (Carestream, Rochester, NY). 

 

VI Dual Energy X-ray Absorptiometry 

 

Following the removal of soft tissue, samples were scanned using DXA 

(Hologic QDR 4500A, Bedford, MA) to measure bone mineral density 

(BMD). Two X-ray beams with different energy levels are passed 

through the bone, and intensities are measured for each beam. Intensity 

varies depending on the thickness of the bone and the amount of 

calcification. Based on the difference between the two beams, BMD was 

estimated [24]. The original bone removed during the surgery served as 

a control for comparison and was scanned alongside the defect. Relative 

change in BMD was calculated as BMD of the defect divided by BMD 

of the original bone removed during surgery. 

 

VII Micro-Computed Tomography 

 

Samples were trimmed with a band saw and were scanned using 

microCT (Skyscan 1172, Kontich, Belgium) to determine the degree and 

location of bone defect healing [22, 25, 26]. MicroCT utilizes the 

variable X-ray attenuations of different materials to image samples. X-

rays pass through the sample form a 2-D projection image. The sample 

was then slowly rotated, allowing the capture and output of a series of 

images. The scanner was operated at 75 kV and 100 mA with a 1mm 

aluminum filter to reduce low energy noise. The medium resolution 

setting at 95% camera gain was utilized so that projection images were 

taken at 0.4 degree increments over a range of 180 degrees. A frame 

average of five projection images eliminated artifacts due to noise from 

the detector. To help eliminate ring artifacts caused by the detector 

elements, a random vertical movement of 5 was included. The projection 

radiographs were 16-bit TIFF files with 1048 x 2000 pixels. 

 

A reconstruction algorithm (NRecon 1.1.4, Micro Photonics, Allentown, 

PA) digitally stacked and aligned these 2-D slices, resulting in a 3-D 

model of the sample which was used to analyse the two and three-

dimensional morphological parameters of the defect. Quantitative 

analysis was based on the different attenuations of bone and soft tissue 

due to their different densities and compositions. Each volume element, 

or voxel (25 µm resolution), was assigned a grayscale value that was a 

threshold (Amira 5.0, Visualization Sciences, Burlington, MA). Bone 

volume fraction was calculated as bone pixels divided by total defect 

pixels. 

 

VIII Histology  

 

Freshly isolated samples were exposed under an UV fluorescent 

flashlight and photographed to analyse cell engraftment (Figure 6). 

Following imaging, samples were fixed in 10% neutral buffered 

formalin (Fisher Scientific, Fair Lawn, NJ) for two weeks, dehydrated in 

an ethanol series (70, 80, 90, and 100%) and infiltrated with methyl 

methacrylate (MMA, Acros Organics, Geel, Belgium) liquid monomer. 

Poly-methyl methacrylate (PMMA, Polysciences, Warrington, PA) solid 

beads and benzoyl peroxide (Sigma 33581) were added to induce 

polymerization and embed the samples. Samples were then sectioned 

perpendicular to the long axis of the cylindrical defect using a Buehler 

Isomet 100 diamond saw (Lake Bluff, IL) to yield 500 µm thick sections. 

Sections were polished to 300 μm thickness with increasing grades of 

zirconium sandpaper. Three sections, one in the center and two at 

opposing edges, were analysed.  

 

Sections were stained with Sanderson’s Rapid Bone Stain (Dorn & Hart 

Microedge, Villa Park, IL) and counterstained with acid fuchsin (Sigma 

F8129) to differentiate calcification (red) from soft callus (blue) and scar 

tissue (unstained). A digital scanner (HP Deskjet F4400, Miami, FL) 

captured images at full scale for quantification using image analysis 

software (ImageJ, National Institutes of Health, Bethesda, MA). The 
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mineralized bone area was calculated as the area of tissue staining 

positively for bone (purple) per total defect area.  

 

IX Statistical Analysis 

 

Quantitative data are presented as mean ± standard error. One-way 

analysis of variance (ANOVA) was performed using SAS 9.2 statistical 

analysis software (SAS Institute, Cary, NC). Fisher’s exact test was used 

for pairwise mean comparisons. A total of 6 defects per treatment (n = 

6) were analysed for a total of 24 defects. Statistical significance was 

evaluated using an alpha value of 0.05. 

 

Results 

 

In a preliminary experiment, we evaluated the number of ASCs 

encapsulated in fibrin and PRP; the results showed no statistically 

significant difference (p= 0.25). After eight weeks post-surgery, the 

mandibles were collected and analysed by CT-scan. In the images 

obtained (Figure 1), it is possible to evaluate the closing of the defects, 

the level of healing of the defects in the ramus. Secondly, we went on to 

evaluate the bone mineral density of the defect (Figure 2) and relative 

change in BMD compared to the original drilled bone (Figure 3).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Representative computed tomography (CT) scans of whole 

mandibles with critical size defects. White pixels indicate high bone 

mineral density while black pixels indicate low density. 

 

The results showed a higher BMD value in the ASC alone treatment, 

which is statistically different when compared with the control treatment 

(p = 0.032). The other groups (platelet-rich plasma p = 0.028; fibrin p = 

0.036) also had statistically higher BMD when compared to the control 

treatment. When we evaluated the BMD, we found statistical differences 

between all groups containing ASC when compared with the control. In 

addition, the fibrin group had a higher BMD when compared with the 

ASC-only group (p = 0.041). The bone volume fraction (Figure 4) in the 

defect was higher for the ASC (p = 0.0039), PRP (p = 0.0011), and fibrin 

(p = 0.0035) treatments compared to controls (Figure 5). Furthermore, 

the bone volume fraction of both the PRP (p = 0.044) and the fibrin (p = 

0.016) treatments was significantly higher when compared to ASC-only 

injections. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Representative dual energy X-ray absorptiometry (DXA) 

scans of critical size defects of various treatments. White pixels indicate 

high bone mineral density, grey is intermediate, while black pixels 

indicate low density. Mature cortical bone is indicated by black arrows. 

Immature woven bone from regeneration in the defect is indicated by 

blue arrows. Soft tissue is indicated by green arrows. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Bone mineral density of the defect (top) and relative change 

in BMD compared original drilled bone (bottom). BMD was 

significantly higher for all three treatments using ASCs. Relative change 

in BMD was significantly higher for fibrin compared to ASC-only. 

Treatments with different superscripts significantly differ (p < 0.05). 

 

Finally, to verify the presence of the stem cells injected, we went on to 

evaluate the presence of GFP cells.  Representative fluorescent images 

of bone defects injected with GFP tracer ASCs (1 million cells per 

defect) displayed areas of green color representing potential cell 
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engraftment within healing bone tissue (Figure 6). However, individual 

cells could not be located using confocal microscopy.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Representative micro-computed tomography reconstructions 

of bone defects of various treatments. Yellow/orange pixels represent 

mineralized tissue and grey pixels indicate soft tissue. Mature cortical 

bone is indicated by black arrows. Immature woven bone from 

regeneration in the defect is indicated by blue arrows. Soft tissue is 

indicated by green arrows. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Bone volume fraction in the defect was significantly higher 

for all three cell treatments compared to controls. Bone volume fraction 

of both PRP and fibrin was significantly higher compared to ASC-only 

injections. Treatments with different superscripts significantly differ (p 

< 0.05). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: Representative fluorescent images of bone defects injected 

with GFP tracer ASCs. Areas of green colour (black arrows) represent 

potential cell engraftment within healing bone tissue. However, 

individual cells could not be located using confocal microscopy. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: Representative histological sections of the porcine mandible 

containing the critical-size defect with different stains. Portions of 

mineralized bone in unstained sections appear white and soft tissue and 

scar tissue is yellow in color. Organized collagen in bone stains blue with 

Sanderson’s Rapid Bone Stain while scar tissue is unstained. 

Mineralized tissue stains red with acid fuchsin counterstaining. 

Mineralized bone stains blue with Rapid Bone Stain and red with acid 

fuchsin and appears purple in color. Mature cortical bone is indicated by 

black arrows. Immature woven bone from regeneration within the defect 

is indicated by blue arrows. Soft tissue is indicated by green arrows. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8: Representative histological sections of the porcine mandible 

containing the critical-size defect. Organized collagen in bone stains 

blue with Sanderson’s Rapid Bone Stain while scar tissue is unstained. 

Mineralized tissue stains red with acid fuchsin counterstaining. 

Mineralized bone stains blue with Rapid Bone Stain and red with acid 

fuchsin and appears purple in color. Mature cortical bone is indicated by 

black arrows. Immature woven bone from regeneration within the defect 

is indicated by blue arrows. Soft tissue is indicated by green arrows. 

 

 

 

 

 

 

 

 

 

 

 

Figure 9: Mineralized tissue area in the defect was significantly higher 

for all three cell treatments compared to controls. Mineralized tissue area 

of fibrin was significantly higher compared to ASC-only injections. 

Treatments with different superscripts significantly differ (p < 0.05). 
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Portions of mineralized bone in unstained sections appeared white while 

soft tissue and scar tissue appeared yellow in color. Organized collagen 

in bone stains blue with Sanderson’s Rapid Bone Stain while scar tissue 

is unstained (Figure 7). Mineralized tissue stains red with acid fuchsin 

counterstaining (Figure 8). 

 

Mineralized tissue area in the defect was significantly higher for ASC (p 

= 0.0037), PRP (p = 0.0015), and fibrin (p = 0.010) treatments compared 

to controls (Figure 9). The mineralized tissue area of fibrin treatment was 

also significantly higher when compared to ASC-only injections (p = 

0.048).  

 

Discussion  

 

The objective of this porcine animal model experiment was to compare 

autologous therapeutic options using adipose-derived stem cells alone, 

ASCs supplemented with platelet-rich plasma, and ASCs encapsulated 

in fibrin scaffolds derived from whole blood in terms of new bone 

formation after 8 weeks. Based on the results, autologous ASCs 

encapsulated in fibrin supplemented with calcium hydrogen phosphate 

were determined to be the treatment that resulted in the most bone 

formation of those tested, while platelet-rich plasma treatment resulted 

in only a slight reduction in bone volume fraction (p = 0.25). These 

supplements to ASCs significantly increased bone volume fraction 

compared to ASCs alone (p < 0.044), indicating the potential for 

improvement in adult stem cell therapies for bone defects. 

 

The positive results of this study and others may, in part, be explained 

by the critical-size defect model employed [22, 27, 28]. Our mandibular 

ramus model (Figure 2) maintains several advantages, including non-

weight bearing defects, quantitative analysis, reproducibility, and 

minimal changes to animal care. However, this model also has 

conditions favorable toward bone growth independent of treatment, 

including mechanical stabilization, defined bony edges with complete 

debridement, intactness of periosteum, and cyclical biomechanical 

loading due to mastication [29-31]. In addition, while the animals 

analysed were sexually and skeletally mature, the pigs were relatively 

young and in good health [14, 32]. Despite these model advantages, 

vehicle controls treated with only DMEM resulted in bone volume 

fraction recovery of less than 10%, suggesting that the 25 mm defects 

being utilized are critical-size defects.  

 

Administration of autologous ASCs aided in the healing of this critical-

size defect that would continue to heal and remodel spontaneously, 

resulting in more than 3-fold improvement in bone formation compared 

to controls (Figures 4, 7). The mechanism of healing is likely closely 

related to the limitations of regeneration and the production of scar tissue 

of a critical-size defect. Simultaneous factors such as insufficient 

signaling molecules, neovascularization, or MSC recruitment may all 

play a role in the limited regenerative response during a critical-size 

defect [33]. As a heterogeneous mixture of fibroblasts, endothelial cells, 

smooth muscle cells, and other cell types, ASCs have the potential to 

alleviate each of these limitations through the release of growth factors, 

the formation of new blood vessels, and further recruitment of 

regenerative cells to the site of the defect. Though not definitive, the 

apparent location of GFP from tracer ASCs injected at the defect site 

(Figure 6) would suggest that these cells are capable of differentiation 

and engraftment into newly forming tissue.  

However, one potential problem limiting the therapeutic success of ASC 

administration may be the lack of cell encapsulation at the site of the 

defect if only a liquid vehicle is used. Cell encapsulation constricts cells 

and prevents their potential migration to sites other than the defect, 

reducing dilution of cell concentrations as well as the theoretical risk of 

tumor formation at ectopic sites [34]. Furthermore, bone has the 

increased potential to form in the center of the defect in addition to the 

edges, allowing healing to proceed more rapidly in multiple directions, 

eventually capable of forming bridges. Geometrically, bone formation at 

multiple sites serves to functionally reduce defect spaces and increase 

the size by which healing becomes critically limited. Therefore, due to 

differences in the ability to encapsulate cells at the concentrations tested, 

the comparison between PRP and fibrin is imperfect, as ASCs were not 

viable at concentrations where PRP formed a stable gel (above 50%). 

Better cell encapsulation using fibrin likely explains the moderate 

improvement in bone formation of fibrin compared to PRP treatments.  

 

Differences in radiographic methods used in the study were noted. Dual 

energy X-ray absorptiometry (Figure 3) is two-dimensional method 

dependent, in part, on the thickness of the bone sample, which varied in 

the pig mandibles analysed, resulting in variation in bone mineral density 

values. Accounting for this thickness variation by normalization by the 

original, surgically removed bone reduced this discrepancy and likely 

improved precision of the measurement. In comparison, the three-

dimensional method of micro-computed tomography (Figure 5) takes 

thickness into account and appears to be a more precise method for the 

circular ramus defect model. Based on measurements of bone mineral 

density and volume fraction, average bone mineral mass produced in the 

defect was estimated to range from 0.235 g for controls, 1.76 g for ASCs, 

3.09 g for PRP, and 4.08 g for fibrin. Only 9.3 mg of calcium phosphate 

was added to fibrin scaffolds, so the contribution of exogenous CaHPO4 

towards the bone mineral density measurement was likely to be less than 

1%. While DXA and micro-CT have different precisions using this 

model, both provide useful information regarding the degree of bone 

healing in the cylindrical defect, and the results are in general agreement. 

 

The approach of using fibrin scaffolds or platelet-rich plasma has several 

advantages, including rapid clinical translation, a low risk-benefit ratio, 

and effective improvement in bone formation. Nearly all materials in this 

prospective therapy are already approved by the Food and Drug 

Administration for clinical use. The use of autologous materials 

decreases the risk of immune rejection, microbial contamination, and 

disease transmission, often associated with currently employed autograft 

methods. In addition, the inexpensive collection and processing of cells 

in this proposed treatment could significantly decrease treatment costs.  

 

Both fibrin and PRP treatments have minor drawbacks. The drawing of 

non-clotted blood requires rapid processing and increases the risk of 

syringe blockage. Excess fibrin has also been associated with the 

formation of scar tissue, some of which was observed during sample 

collection [35-38]. In the craniofacial region, this scar tissue may result 

in reduced patient satisfaction. In the case of PRP, the pro-inflammatory 

component of the released platelet factors results in more pain and 

swelling than a standard surgery for several days post-surgery. This 

additional swelling may require thicker, stronger sutures to stay within 

breaking strength, which may result in larger scars at the incision site. 

Generally, the benefits of improved bone formation in these treatments 

derived from autologous sources may be worth the risks posed. 
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Future work to improve these autologous therapies may include the 

substitution of autologous bone dust/chips, or nano-calcium sulfate in 

place of calcium phosphate [39, 40]. Besides being a more autologous 

approach, bone chips harvested during the surgical removal of bone 

maintain lacunae, which house osteocytes that remain viable if collected 

and re-implanted within the timeframe of a standard bone graft surgery. 

Furthermore, bone chips contain remnants of trabecular architecture 

capable of infiltration by newly forming blood vessels, compared to 

calcium phosphate granules that are generally internally solid and 

impenetrable. Improvements in PRP processing to improve ASC 

viability at higher concentrations may improve bone formation, as the 

biological adhesive properties of gelled PRP may improve bone grafting. 

Osmotic balancing along with fine-tuning of anticoagulant: calcium 

ratios may result in cell viability suitable for ASC administration. 

Further studies using more clinically-relevant bone defects, such as 

calvarial, mandibular segmental, or femoral traction defects, among 

others, or using pigs in states of compromised bone healing, such as 

diabetes or older in age, are warranted [41-46]. Because the autologous 

materials studied in this study cannot bear significant loads, a much 

stiffer scaffold and/or other methods of stabilization would be required 

for body weight-bearing applications.  

 

We conclude that the addition of autologous blood products, either 20% 

platelet-rich plasma or fibrin scaffolds derived from whole blood 

supplemented with calcium phosphate, to adipose-derived stem cells 

derived from lipoaspirate, may be advantageous due to improved bone 

formation without requiring harvesting of patient bone. In summary, the 

present study demonstrates the potential for improvement in cell 

therapies towards an autologous bone tissue construct for craniofacial 

bone repair.  
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