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ABSTRACT 

MATERIALS AND METHODS 

Diabetic foot ulceration is a complex pathology that even after healing may result in recurrence for 75% of the  patients within 
5 years1. Various methods to augment the healed area and redistribute normal and shear stresses, especially in the plantar 
aspect of the foot, have been utilized with varying levels of success2,3.  

 

A novel off-the-shelf natural soft-tissue augmentation matrix has been developed from allogeneic adipose tissue. This Allograft 
Adipose Matrix (AAM) is processed to preserve the endogenous matrix proteins and growth factors necessary for cellular infil-
tration, angiogenesis and adipogenesis. In vitro studies with adipose-derived stem cells seeded on hydrated AAM showcase 
cell attachment and infiltration followed by differentiation into functional adipocytes within 7-14 days as evidenced histologi-
cally and with scanning electron microscopy. When injected subcutaneously in immunocompromised nude mice, the endoge-
nous factors retained in AAM supported revascularization and adipogenesis. Hematoxylin and Eosin and Perilipin A staining 
showcased new vessel formation within the matrix and infiltration of fat cells starting at 3 weeks, with progressive increase in 
adipocyte density at 6 and 12 weeks. Clinical use of this matrix to augment the fat pad and delay ulcer reoccurrence of one di-
abetic patient had promising results within the first 4 months of treatment. Within 10 weeks post treatment, there was more 
than 70% decrease in mean peak pressure at the site of the post-operative callus as measured by a F-Scan pressure sensor 
and by 2 months the callus had resolved4.  

 

Thus, AAM is a novel off-the-shelf adipose-derived matrix representing a natural scaffold that supports host cell infiltration, 
adipogenesis, angiogenesis and volume retention. We look forward to further evaluation with more patients and longer time 
points to confirm or refute the preliminary positive outcomes of AAM in augmenting atrophic fat pads and extending ulcer-free 
days for high risk patients in diabetic foot remission. 

AAM was derived from cadaveric human adipose, with donor consent, and processed aseptically without terminal 
sterilization at MTF Biologics (Edison, NJ) according to Good Tissue Practices.  

 

In Vitro Testing: AAM structure was characterized by H&E and immunofluorescent imaging for collagen IV and VI 
(Abcam, Cambridge, MA). To investigate cell-AAM scaffold interactions, adipose-derived stem cells (ADSCs) recov-
ered from human lipoaspirate were expanded in MesenPRO RS (Thermo Fisher) and cultured on reconstituted AAM.  
Basal medium without added growth factors was used and adipogenesis was assessed over time. At day 3, human 
ADSCs on AAM were fixed and stained with Phalloidin 633 (actin) and 4′,6-diamidino-2-phenylindole (DAPI) 
(Thermo Fisher), to visualize cell attachment and stretching. H&E imaging was conducted to visualize ADSC differ-
entiation and adipose morphology (day 7). Lipid production was also visualized by borondipyrromethene (Thermo 
Fisher) at day 7. Scanning electron microscopy was performed using FEI XL30 FEGSEM (FEI, Hillsboro, Ore) at 5kV 
accelerating voltage on day 0 (AAM alone) and day 7 (AAM+cells).  

 

In Vivo Study: 0.3 cc of reconstituted AAM was injected bilaterally using a fanning technique in the subcutaneous 
dorsal flank of female Nu/Nu mice using a 16-gauge blunt-tip cannula, 0.3 cc per side. Histological analysis of H&E 
and perilipin A immunohistochemistry was performed at 3, 6 and 12 weeks (Alizee Pathology, LLC, Thurmont, MD). 

 

Clinical Fat Pad Study: 71 year old male with over 40 years of type 2 diabetes and reoccurring diabetic ulcers 
was treated with AAM. Peak pressure mapping was performed with the F-Scan system (Tekscan Inc. Boston, MA) 
before treatment. AAM was reconstituted as per the package insert. A total of 5 syringes of 1.5mL each were pre-
pared of the AAM (total of 7.5mL). The patient’s foot was scrubbed, prepped and draped using aseptic sterile tech-
nique. Local anesthesia was injected proximal to the left foot plantar first metatarsal phalangeal joint peak pressure 
site. Using at #11 blade, a small puncture was created at the plantar distal most aspect of the first metatarsal pha-
langeal joint. The AAM was slowly injected with a 20G cannula into the subcutaneous plane using the modified 
Coleman technique. The cannula was blunt tipped to follow the natural tissue planes. While withdrawing the cannu-
la, the AAM was injected into the channels created by the cannula. Once the entire 7.5mL of AAM was injected, the 
incision site was dressed with Dermabond. Serial plantar pressure mapping was conducted post-op with the F-Scan 
system (in-shoe pressure monitoring system)4.   

Aseptically processed allograft adipose matrix without terminal sterilization retained key endogenous collagen pro-
teins that support ADSC attachment and adipogenesis. Subcutaneous injection of AAM in the athymic mouse 
demonstrated extensive adipocyte infiltration and angiogenesis by 12 weeks. Lastly, a case study in a high risk, di-
abetic patient provided preliminary positive outcomes of AAM in augmenting atrophic fat pads and extending ulcer-
free days in diabetic foot remission. 
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Aseptically Processed Allograft Adipose Matrix Retains Collagen Proteins 

Figure 2:  Human adipose-derived stem cells cultured on adipose allograft matrix (AAM) attach, differentiate 
and are functional.  (A) Confocal imaging of human adipose-derived cells seeded on AAM at day 3. Cells are visu-
alized for cell adhesion marker, actin (fluorescein phalloidin, red) and DNA (DAPI = 4’6-diamidino-2-phenylindole, 
blue). (B) H&E imaging revealed adipose-derived stem cells differentiated into adipocytes with typical adipocyte 
morphology (yellow arrows). (C) Confocal imaging of adipose-derived stem cell cultured on AAM demonstrate pro-
duction of lipid content (boron-dipyrromethene, green) at day 7, demonstrating adipose cell function (20x magni-
fication). (D) Scanning electron microscopic (SEM) image of AAM alone and (E) seeded with adipose-derived stem 
cells for 7 days, cultured in basal medium. Cells can be observed to exhibit a honeycomb appearance, similar to 
(F) classic textbook image of fat/tissue morphology.5 

Subcutaneous Injection of Allograft Adipose Matrix into Athymic Mice  

Figure 4:  Adipocyte infiltration w ithin the allograft adipose matrix  (AAM) over time. (A) At 3 weeks, there 
is minimal adipose tissue infiltration along the margins of the implant (clear arrows) and neovascularization (solid arrow 
heads). Non-organized implant is visible (solid black arrow). (B) At 6 weeks, a transition to mild adipose tissue infiltration 
is observed (clear arrows) in a more organized implant (clear arrow heads = macrophages). (C) At 12 weeks, moderate 
adipose tissue infiltration is observed (clear arrows) in the organized implant (clear arrow head = macrophages).  

Figure 7: AAM was injected to restore fat pad and prevent ulcer reoccurrence. Fat was in-
jected deep into the wound in multiple passes and depths with the microdroplet deposition technique. 
Cross hatching technique was subsequently used to facilitate revascularization and minimize large pud-
dle formation. At 4 weeks, there was no evidence of residual callus and this persisted to the end of the 
clinical follow-up at 4 months.  

CONCLUSION 

Cells Attach & Stretch on AAM               
(Day 3) 

Figure 1:  Essential collagens were verified in allograft adipose matrix  (AAM) by fluorescent 
staining. Collagens IV, and VI were found in the native adipose tissue, surrounding the honey-comb structure 
of the adipocytes. These key collagens were also confirmed present after tissue processing in the final tissue 
form.  

Human Adipose-Derived Stem Cells Cultured onto AAM are Functional 

SEM of ADSCs Cultured on AAM  
(Day 7) 

Figure 3: Allograft adipose matrix (AAM) 
was injected into immunocompromised mice 
on the dorsal flank as bilateral 0.3mL diffuse 
injections. The fanning technique used was 
performed. 

3 weeks 6 weeks 

Infiltration of Host Adipocytes within AAM Over Time  

Sustained Decrease in Plantar Pressure Over Time with AAM Treatment  

Figure 8: Reduction in plantar pressure was observed follow ing AAM treatment. There was 
a 76.8% decrease in mean peak pressure under the 2nd metatarsal region and a 70.1% decrease in 
mean peak pressure in the distal end of the first ray resection. This pressure mapping provides evi-
dence that there is reduced tissue stress over the post-ulcerative lesion.  

IN VITRO RESULTS 

Differentiated Adipocyte             
Morphology (Day 7) 

Intracellular Lipid Accumulation 
(Day 7) 

Textbook Image of Fat/Tissue    
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SEM of AAM Alone                       
(Day 0) 

IN VIVO RESULTS HUMAN CLINICAL CASE STUDY 
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(A) Minimal adipose tissue infiltration (B) Mild adipose tissue infiltration (C) Moderate adipose tissue infiltration 

Figure 5:  At 12 weeks, there was significant evidence of adipocyte morphology throughout the entire in-
jected AAM region. Furthermore, these adipocytes are viable and functional, as they secreted lipids, which stained posi-
tive for Perilipin-A (red) and DNA (DAPI, blue). Perilipin-A is a marker of functional adipocytes.  

Figure 6: Histological imaging of H&E revealed along w ith adipogenesis, significant new  blood vessel   
formation was also observed within AAM at 12 weeks.  

Extensive Adipogenesis Observed                                              
(12 weeks) 
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Functional Adipocytes Expressed Perilipin A              
(12 weeks)  

Host Adipocytes and New Blood Vessel Formation within AAM  

Fat Pad Augmentation with Allograft Adipose Matrix  

Patient Information/History:  71 year old male, w ith long history (40yrs) of type 2 diabetes. Frequently 
reoccurring diabetic foot ulcers. Previous treatment involved custom shoes and molded multi-laminar multi-durometer 
insoles, frequent return visits (every 2-3 months with callus debridement and instructions for home monitoring4.  

Measurement of Plantar Pressure: Peak pressure location was determined by F-Scan in shoe after calibra-
tion and assessing ambulatory measurements in real-time. 
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AAM is Injected (Day 0)   
Microdroplet Deposition 
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AAM Injected (Day 0)   
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Peak Pressure Assessment in Two Different Foot Location 

https://www.sciencephoto.com/media/439930/view/fat-tissue-sem

