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INTRODUCTION

Acellular dermal matrices (ADMs) can be successfully used to replace or repair integumental soft 
tissue compromised by disease, injury or surgical procedures. These biomaterials are used surgically 
for a wide range of regenerative and reconstructive medicine applications, including abdominal 
wall reconstruction/hernia repair, breast reconstruction, tendon augmentation, superior capsular 
reconstruction and pelvic organ prolapse repair, among others.1,2,3,4,5,6,7,8

In this presentation, we summarize the internal findings regarding AlloMend® ADM acellular human 
dermal matrix tissue (AlloSource®, Centennial, CO) for five significant properties that help determine 
the suitability of an ADM for use in these and other applications. The complete reports (Figure 1) with 
additional details on the testing protocols underlying these findings are available from AlloSource.

• Biocompatibility – AlloMend ADM’s evidence of tissue incorporation and vascularization was 
documented in animal studies.9

• Growth factors – AlloMend ADM maintained four primary growth proteins when analyzed in 
ELISA testing.10

• Tensile strength – AlloMend ADM exhibited an ultimate tensile strength (UTS) of 20.7 MPa ± 
2.2, surpassing published UTS data for other leading ADM products.11

• Suture retention strength – AlloMend ADM withstood pulling tension equivalent to the force 
that a 2-0 suture would be expected to withstand.12

• Fluid egress and surface area – AlloMend ADM in a meshed configuration demonstrated significant 
fluid egress and surface area coverage.13

Scientific Data Series
By AlloSource



4B A S I C  S C I E N CE  |  VO LU M E 5

Processing

AlloMend ADM (Figure 2), is an acellular human dermal matrix tissue processed through AlloSource’s 
proprietary DermaTrue™ decellularization process. This process disrupts cells and removes cellular 
debris (including DNA, RNA, proteins and antigens), rendering the tissue biocompatible. Further, the 
tissue has been tested by standard ISO 10993-5 methodology and was found to be non-cytotoxic.

DermaTrue does not use detergents or enzymes, leaving no harmful residuals in the tissue, 
while retaining native growth factors and the morphological collagen-elastic structure. As the 
decellularization process also inactivates microorganisms, as a result, the likelihood of inflammation 
or immunogenic rejection response by the recipient is further minimized.

The tissue undergoes a terminal e-beam sterilization procedure, resulting in a 10-6 Sterility Assurance 
Level (SAL), meeting the same stringent sterility levels required by the U.S. Food and Drug Administration 
for implantable biomedical devices. Because of its terminal sterilization, AlloMend ADM can be 
stored at room temperature for up to two years.

Unlike some other acellular dermal matrices, the tissue is pre-hydrated and ready for immediate 
use without requiring a lengthy rehydration period. In addition, due to its elasticity and suppleness, 
AlloMend ADM can be easily placed in a variety of anatomical areas.

Figure 2. AlloMend ADM Tissue.

Figure 1. Series of Five AlloMend ADM Biomechanics Analyses.
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Biocompatibility

In an in vivo tissue graft environment, biocompatibility results in the incorporation of the implanted 
graft into the host tissue to the point where there is no discernible difference between the two in 
form and function. 

A standard in vivo study was conducted in which 12 rats were implanted subcutaneously with 
sections of AlloMend ADM from four different donors (Figure 3). A doctor of veterinary medicine 
monitored the animals’ well-being and conducted the clinical assessments of the animals following 
the implantation procedures.

The animals were sacrificed at three time intervals: two weeks, six weeks and twelve weeks post- 
implementation. After euthanasia, the implants (Figure 4) were removed and submitted to a board-certified 
veterinary pathologist for a histological assessment of the integrity of the implant and the infiltration 
of blood vessels into the graft. Standard, documented procedures14,15 were used in the assessment.

Figure 3. Initial implant of AlloMend ADM at time 0. Figure 4. Implanted AlloMend ADM at 14 days.

Two days after implantation procedures, visible swelling and erythema were resolved normally, 
an initial indication of graft incorporation. Similarly, all of the animals gained weight at rates 
consistent with normal rats, evidence that the grafts did not inhibit metabolic growth. At the time 
of explantation, all of the animals were deemed healthy by the veterinarian, suggesting there was 
no significant immunogenic response to the graft.

Upon necropsy, all animals were determined to have developed normally during the period and no 
untoward tissue rejection was apparent. Histological examination of the explanted tissue indicated 
cell and vessel infiltration for all three time periods (Figures 5 and 6). No significant levels of graft 
encapsulation were observed, indicating the absence of inflammatory response tissue rejection.

Figure 5. Graft implantation (arrow) at two weeks. Figure 6. Graft implantation (arrow) at 12 weeks.
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Vascularization was confirmed through immunohistochemistry staining (Figure 7) for the presence 
of von Willebrand Factor (vWF), a key component of the blood clotting cascade and a reliable marker 
protein for endothelial cells of blood vessels.16

Figure 7. Immunohistochemistry staining for von Willebrand Factor 
in an AlloMend graft at six weeks. Arrow indicates a blood vessel.

Finally, even though AlloMend ADM was implanted without suturing and no encapsulation was found, 
the grafts stayed in place with very little evidence of migration, suggesting there was incorporation 
of AlloMend ADM.

In summary, there was strong evidence of tissue incorporation and blood vessel infiltration. No 
encapsulation or infections were noted. There was no discernible impact on metabolism – animal 
growth and development subsequent to implantation were normal.

Growth Factors

The presence of growth factors in an implanted ADM can stimulate healing and revascularization, as 
well as inhibit scarring17,18 in a variety of procedures, including soft tissue repair. In these applications 
the use of a graft containing growth factors helps promote scar-free healing and proper graft 
incorporation without allogeneic rejection. AlloSource researchers tested AlloMend ADM for the 
presence of four specific growth factors. These have been extensively studied by researchers, and 
are widely known to contribute to a healing response:

• Fibroblast Growth Factor (bFGF)19,20,21,22,23,24,25,26

• Platelet Derived Growth Factor (PDGFbb)27,28,29,30,31

• Transforming Growth Factor (TGFb)32,33,34,35,36,37,38

• Bone Morphogenic Protein 2 (BMP2)39,40,41,42

The role each of these proteins plays in a range of procedures is summarized in Table 1.
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This growth factor assay utilized AlloMend ADM tissues from four donors. The grafts were cut into 
1.0 mm square cubes and homogenized in Raybiotech Lysis buffer. Thermo Scientific Halt Protease 
Inhibitor cocktail was added. The process utilized a VWR VDI 25 Homogenizer and the homogenate 
was kept on ice for 30 minutes and sonicated for two minutes. The homogenates were centrifuged 
at 12,000 G for 10 minutes and the supernatant was collected and stored at -80° C until use.

The tissue homogenate was analyzed using  ELISA sandwich kits (RayBiotech, Atlanta, GA) to detect 
BMP2, bFGF and PDGFbb as illustrated in Figure 8. An additional ELISA kit (Enzo Biochem, Farmington, 
NY) was used to detect TGFb.

The ELISA testing revealed the presence of BMP2, PDGFbb and bFGF in all four of the grafts. TGFb 
was found in three of the four grafts.

Table 1. Significance of growth factors in allograft procedures.

Figure 8. Pipetting process during ELISA analysis of AlloMend ADM.
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Tensile Strength

The ultimate tensile strength (UTS) of a biomaterial is the maximum stress or strain it can withstand 
while being stretched or pulled to the point of breaking or failing.

Fully processed and sterilized AlloMend ADM samples were tested in an electro-mechanical device 
designed for measuring and recording the stress-strain characteristics of biomaterials (Figure 9). 
Samples were cut and tested by a protocol outlining acceptable methodologies for UTS similar to 
those laid out in USP’s Bovine Dermal Matrix (tensile test)43 and ASTM’s Standard Test Method for 
Tensile Properties of Plastics.44

A tensile load was applied to each specimen using an electro-mechanical test machine at a rate of 10mm 
per minute under displacement control until failure was achieved. Failure was designated as a rapid 
loss in tensile force with compromised tissue. The force required to cause failure was recorded as UTS.

AlloMend ADM exhibited UTS of 20.7 MPa ± 2.2, many times stronger than intra-abdominal 
pressure maximums, surpassing published UTS data for other leading acellular dermal matrix 
products (Figure 10).

Figure 9. Static Tension Grip Fixture.

Figure 10. Ultimate Tensile Strength (MPa) Comparison of Dermal Matrix Products Based on 
Published Data on File at AlloSource.

DM is DermaMatrix Acellular Dermis (Synthes) 
AP is AlloPatch HD Acellular Human Dermis (MTF) 
AD is AlloDerm Freeze-Dried Acellular Dermal Matrix Graft (LifeCell) 
FH is FlexHD Acellular Hydrated Dermis (Ethicon)

ULTIMATE TENSILE STRENGTH (MPa)
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Suture Retention

Suture retention strength is the maximum pulling force measured in Newtons (N) on a suture that 
a tissue can bear at the point of suture before the suture tears through the tissue.

AlloMend ADM grafts from seven different donors (41 samples total) were used in the study. They 
were prepared in a range of thicknesses from 1.29 to 4.05 mm and cut into approximately 4.0 x 
4.0 cm pieces.

All testing was performed using a MTS Model 820.050-SL or ADMET 2600 uniaxial testing apparatus 
(MTS Systems Corporation, Eden Prairie, MN, or ADMET, Norwich, CT) in accordance with accepted 
practices for measuring ultimate suture retention strength.45,46

In each case, the tissue was secured in the testing apparatus with 2.0 cm of hanging tissue remaining 
(Figure 11). A simple loop of Anthrex FiberWire 2/metric 5 suture was placed through the tissue 
approximately 1.0 cm from the edge. This particular suture is one of the strongest available and 
thus it was used in this test to ensure there would be no suture failure except if exposed to the 
most extreme forces.

Figure 11. AlloMend Tissue Secured to ADMET Machine with Suture - Pretesting.

A tension test was executed at 20.0 mm/min until the point of complete suture pullout. The maximum 
load on the tissue just prior to suture pullout was recorded for each sample.

As would be expected, the suture pullout strength for each sample was closely correlated to the 
thickness of the AlloMend ADM graft, as demonstrated in Figure 12.
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Figure 12. Relation between Graft Thickness and Suture Pullout.

An analysis of suture pullout strength per unit of thickness yielded a mean value of 61.4 N/mm. The 
most commonly used AlloMend ADM products are from the AlloMend T configuration (from 1.0–2.0 mm).

Therefore, depending on their precise thicknesses, the tissue grafts in this range can be expected 
to have an ultimate suture pullout strength of between 61 and 123 N. The thickest graft, AlloMend 
UT (from 3.0-4.0 mm), extended the range up to 161 to 270 N.

Fluid Egress and Surface Area

Meshing (cutting slits) or perforating (stamping small holes) the graft allows fluid to flow through it 
(egress). Enhanced fluid egress can reduce the risk of seroma, which can slow vascular ingrowth and 
postpone integration of the graft,47 the most common complication reported in breast reconstructions 
using ADM tissue.48 These modifications also can enhance conformability and increase the surface 
area of the ADM graft that remains in contact with the wound bed, possibly allowing for more rapid 
vascularization and faster patient recovery.22

AlloSource compared the fluid egress properties and respective surface areas of perforated and meshed 
ADM tissue. The study utilized three different cut patterns for ADM tissues. The first (Perforated 
#1) is representative of a commercially available graft. The second (Perforated #2) approximately 
doubles the perforation density of Perforation #1). The third (Meshed) incorporates 130 mesh lines, 
1.5 mm long in a 2x2 cm graft (Figure 13).

Figure 13. Representative photos of Meshed (left) and Perforated Pattern #1 
(right) placed in the fluid egress testing device.
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Analyzing Fluid Egress

Six full thickness ADM tissues from three different donors were processed. From each donor, two 
samples of each of the three cut patterns were prepared. Thus, the study utilized 18 total samples, 
six of each cut pattern. Sample thickness was measured in five locations and recorded.

AlloSource researchers designed a testing device (Figure 14) to measure the fluid egress properties 
of the 18 tissues. The ADM samples were placed between two pipe flanges with a valve below and 
clear pipe above. The pipe was filled with fetal bovine serum (FBS). The valve was opened, allowing 
fluid to flow through the sample. A camera recorded the amount of time required for the FBS to 
pass between two lines on the pipe (21.6 cm). Each sample was run in triplicate.

The time required for fluid to pass from line 1 to line 2 of the fluid egress testing device was recorded 
for each sample in triplicate. The average egress time for each variety of cut tissue was calculated. 
As seen in Table 2, there was a significant difference in egress properties across the three patterns 
(Minitab 17, One-Way ANOVA, p=0.000).

Figure 14. Fluid egress testing device. The pipe was filled to the fill line (left) with FBS and the 
time was recorded as it passed from Line 1 (middle) to Line 2 (right) for each sample.

Table 2. Draining Times for Meshed and Perforated ADM.

PATTERN AVERAGE TIME STANDARD DEVIATION 95% CONFIDENCE INTERVAL

Perforated 1 10.369 seconds 1.598 seconds (9.189, 11.549)

Perforated 2 6.504 seconds 1.273 seconds (5.324, 7.683)

Meshed 1.974 seconds 1.157 seconds (0.795, 3.154)

In the study, the Meshed ADM tissue had an average volumetric flow rate approximately 5.3 times 
that of the Perforated Pattern #1 tissue and approximately 3.3 times the flow rate of the Perforated 
Pattern #2 tissue. Thus, a meshed ADM would seem to significantly improve the fluid egress properties 
of the graft compared to perforated tissue at either of the two tested perforation densities.

A General Linear Model ANOVA indicated that neither donor (p=0.249) nor graft thickness (p=0.914) 
had a significant impact on the results.
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Analyzing Surface Area

Meshing or perforating ADM tissue can change its surface area due to the additional area inside the 
pores. The surface area of these modified ADM samples is calculated based on the length, width 
and thickness of the graft, as well as accounting for the mesh length or the perforation diameter. 
SolidWorks was used to visualize each of the three patterns. The tissue thickness was assumed to 
be 1 mm for purpose of this analysis.

Meshed Sample

Unlike the perforating process, meshing does not remove any material from the graft. Instead, small 
lines are cut into the tissue and as the graft is stretched, each line becomes a small pore. Thus, 
the surface area of a meshed graft is equal to the entire surface area of the top of the graft plus 
the area inside of the pores. The calculation for the surface area of a meshed tissue is as follows:

Surface Area = (Original Area) + (# mesh lines) * (perimeter of mesh hole) * (graft thickness)

Surface Area = (4 cm2) + (130)(2 * 1.5 mm)(1 mm) 

Surface Area = 4 cm2 + 3.9 cm2 = 7.9 cm2 

Increase in Surface Area from Meshing =   7.9 – 4 * 100% = 97.5% 
                                          4

Thus, meshing in a 1:1 pattern nearly doubles the surface area of the graft. 

Perforated Samples

The 2-dimensional surface area of a perforated ADM graft is reduced when holes are stamped into 
it, but at the same time, the 3-dimensional surface area is increased by the area inside the hole. In 
a 16x20 cm graft, the area of a perforated surface for each sample is calculated as follows:

PERFORATED PATTERN #1

Surface Area = (2-dimensional, area of top of graft) + (# holes) * (area of inside of hole)

Surface Area = 317.1018 cm2 + (41 holes)(0.09424 cm2)

Surface Area = 320.966 cm2

Original Graft Area = (16 cm)(20 cm) = 320 cm2

 
Increase in Surface Area from Perforation Pattern #1 = 320.966 – 320 * 100% = 0.3% 

                                                                  320
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PERFORATED PATTERN #2

Surface Area = (area of top of graft) + (# holes) * (area of inside of hole)

Surface Area = 314.34513 cm2 + (80)(0.09424 cm2)

Surface Area = 321.884 cm2

Original Graft Area = (16 cm)(20 cm) = 320 cm2

Increase in Surface Area from Perforation Pattern #1 = 321.884 – 320 * 100% = 0.59% 
                                                           320

Thus, compared to an unmodified ADM tissue sheet, perforation at these two densities yielded less 
than a one percent increase in the surface area of the ADM tissue. In contrast, meshing the tissue 
nearly doubled its surface area.

CONCLUSION

AlloMend ADM can meet and exceed all surgical requirements in terms of secure placement in 
the course of soft tissue repair. It introduces essential growth factors to the wound site, and its 
biocompatibility with surrounding tissue helps ensure incorporation. It offers high suture retention 
and tensile strength while retaining essential flexibility and pliability characteristics allowing for secure 
placement and suturing. The meshed AlloMend ADM further allows fluid egress while increasing 
surface area contact. These attributes, along with its assured terminal sterility, room temperature 
storage, pre-hydrated format and the DermaTrue Decellularization Process make AlloMend ADM 
an ideal extracellular dermal matrix tissue for a wide range of tissue reconstruction applications.
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