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Abstract

Biologic scaffold materials are used for repair and reconstruction of injured or missing tissues. 

Such materials are often composed of allogeneic or xenogeneic extracellular matrix (ECM) 

manufactured by decellularization of source tissue, such as dermis. Dermal ECM (D-ECM) has 

been observed to degrade and remodel in vivo more slowly than other biologic scaffold materials, 

such as small intestinal submucosa (SIS-ECM). Histologic examination is a common method for 

evaluating material degradation, but it lacks sensitivity and is subject to observer bias. Utilization 

of 14C-proline labeled ECM is a quantitative alternative for measuring degradation of ECM 

scaffolds. Using both methods, the amount of degradation of D-ECM and SIS-ECM was 

determined at 2, 4, and 24 weeks post-implantation in a rodent model. Results utilizing 14C liquid 

scintillation counting (LSC) analysis showed distinct differences in degradation at the three time 

points. D-ECM material in situ stayed the same at 76% remaining from 2 to 4 weeks post-

implantation, and then decreased to 44% remaining at 24 weeks. In the same time period, 

implanted SIS-ECM material decreased from 72% to 13% to 0%. Visual examination of device 

degradation by histology overestimated degradation at 2 weeks and underestimated device 

degradation at 24 weeks, compared to the 14C method.
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1. Introduction

Biologic scaffold materials are used for the repair and reconstruction of injured or missing 

tissues such as abdominal wall [1–3] and other types of musculotendinous tissue [4–6], the 

lower urinary tract [7,8], and esophagus [9,10], among others [11,12]. These scaffolds are 

typically composed of allogeneic or xenogeneic extracellular matrix (ECM), which is 

produced by the decellularization of tissues including small intestine [1,5,12,13], urinary 

bladder [10,14,15], pericardium [16,17], dermis [18,19], and others [20,21]. Unless 

subjected to chemical cross-linking, these materials are rapidly infiltrated and degraded by 

host cells and replaced with neomatrix, ultimately resulting in formation of functional, site 

appropriate tissue [3,5,13]. These constructive remodeling processes are partially mediated 

by events that include modulation of the innate immune response [22,23], recruitment of 

endogenous stem and progenitor cells to the site of remodeling [24,25], release of matrix 

bound growth factors [26], and generation of bioactive cryptic peptides from ECM parent 

molecules [16,27]. All of these events are dependent, in part, upon cell mediated scaffold 

degradation processes [28], yet limited quantitative data is available regarding the in vivo 
degradation of biologic scaffold materials, especially those composed of porcine dermal 

ECM (D-ECM).

The composition and ultrastructure of ECM vary markedly between different tissues as a 

function of the tissue-specific mechanical properties, physiologic needs, and 

microenvironmental niche conditions. The composition and ultrastructure of each source 

tissue, and methods used to decellularize the tissue, influence the properties of the resultant 

ECM scaffold [21,29] and may influence the degradation profile. Compared to most other 

source tissues for ECM scaffold preparation, dermis is characterized by dense and compact 

matrix architecture [30]. Although numerous biologic scaffolds composed of human, bovine, 

or porcine dermis are commercially available [17,19] (Table 1), little quantitative data exists 

regarding the in vivo degradation profile of such devices.

Most studies of ECM scaffold degradation rely solely upon qualitative histomorphologic 

examination. However, definitive delineation of biologic scaffold ECM versus host neo-

ECM during the process of scaffold remodeling is difficult at best [31–33]. A sensitive and 

quantitative method for determining the amount of ECM scaffold degradation over time has 

been described using 14C-proline labeled ECM [16,27,34]. This method is based on the 

integration of 14C-proline into the collagen triple helix structure of the source tissue. 

Because all ECM scaffolds are rich in collagen and 14C is readily measured by liquid 

scintillation counting (LSC), this technique is useful for quantitatively measuring the in vivo 
degradation profile of various types of ECM scaffolds. This method has been previously 

used to show that the mass of an ECM scaffold composed of porcine small intestinal 

submucosa (SIS-ECM) decreases approximately 50% by 28 days post-implantation and is 

completely degraded by 75 days when used for musculotendinous [35] or lower urinary tract 

reconstruction [16].

The objectives of the present study are: 1) quantify the kinetics of degradation of porcine D-

ECM and SIS-ECM scaffolds in a rodent soft tissue defect model with the 14C method, and 

2) compare 14C results with those obtained by visual histologic examination.
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2. Materials and methods

2.1. Overview of experimental procedure

The degradation profiles of two scaffold materials were examined in this study: dermal ECM 

(D-ECM) and small intestinal submucosa (SIS-ECM). Glutaraldehyde crosslinked SIS 

(XSIS-ECM) was used as a normalizing control, due to its resistance to host degradation. 

Each of the scaffold materials was prepared from both 14C-labeled porcine tissues and non-

radiolabeled porcine tissues. All scaffolds were implanted in an established model of 

abdominal wall reconstruction in rats [18] and the amount of radioactive material remaining 

after explant was quantified at 2, 4, and 24 weeks post-implantation. Degradation of the 14C-

labeled scaffolds was measured by LSC, which directly correlates to the remaining mass of 

the implanted scaffold [35]. Since the 14C LSC method requires solubilization of the test 

articles, histologic examination of the same sample was not possible. Therefore, duplicate 

samples of each test article were made from non-labeled ECM and examined in parallel by 

histologic methods. Findings from the two methods were compared.

2.2. 14C labeling of porcine ECM

All procedures were approved by the University of Pittsburgh Radiation Safety Committee 

and the Institutional Animal Care and Use Committee. All procedures complied with the 

National Institutes of Health Guidelines for the Care and Use of Laboratory Animals.

The methods for producing 14C-labeled porcine tissue have been previously described [35]. 

Beginning at three weeks of age, piglets were given weekly intravenous injections of 10–30 

μCi (dependent on weight) of 14C-labeled proline (Amersham Life Science, Piscataway, NJ) 

until reaching 200 lbs, at approximately 5–6 months of age. In general, these tissues showed 

greater than 103 increase in 14C content over background [35].

2.3. Biologic scaffold preparation
14C and non-radiolabeled D-ECM devices were prepared as previously described [29]. 

Briefly, full thickness skin from the porcine dorsolateral flank was harvested immediately 

after euthanasia. The full thickness skin sheets were cut into 6 cm × 10 cm rectangles and 

subsequently split to remove subcutaneous fat, connective tissue and the overlying 

epidermis, leaving the reticular and papillary layers of dermis. Consecutive washes with 

Trypsin, hydrogen peroxide, Triton X-100 and EDTA, and peracetic acid achieved 

decellularization [29]. The resulting D-ECM was then lyophilized.

14C and non-radiolabeled SIS-ECM devices were prepared as previously described [1,2]. 

Briefly, sections of porcine small intestine were mechanically abraded to remove the tunica 

muscularis externa and the majority of the tunica mucosa and then disinfected and 

decellularized in a peracetic acid and ethanol solution, followed by rinses of phosphate-

buffered saline solution and deionized water [17].

To create devices of equal mass and similar dimensions, 25 layers of SIS-ECM were 

laminated together in a vacuum press. The vacuum press also dried the SIS-ECM devices. A 

subset of these 25 layer SIS-ECM devices was crosslinked with 0.25% glutaraldehyde for 12 
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h to create XSIS-ECM scaffolds. Devices (D-ECM, SIS-ECM, and XSIS-ECM, both 14C-

labeled and non-labeled) were cut to 70 mg (±5%) dry weight, with dimensions ranging 

from 0.8 cm to 1.5 cm by 1.0–2.0 cm, to control for the mass of the degrading material. All 

materials were lyophilized, individually packaged, and sterilized by ethylene oxide (16 h 

cycle at 50 °C in a Series 3plus EOGas Sterilizer, Anderson Sterilizers, Inc., Haw River, 

NC).

2.4. Surgical procedure

Thirty-six female, 6–8 week old Sprague Dawley rats (Charles River Laboratories) were 

divided into three groups (D-ECM, SIS-ECM, XSIS-ECM; n = 4 per device, per 3 time 

points). Bilateral, ventrolateral partial thickness defects that matched the ECM device 

dimensions (approximately 1.5 cm × 1.5 cm) were created as previously described [1,18]. 

Each animal received one 14C-labeled device and one non-labeled device inlayed within the 

left and right-side defect, respectively (Fig. 1). Devices were matched within each animal by 

type of material (D-ECM, SIS-ECM, XSIS-ECM) and were sutured in place with 4-0 

prolene (Ethicon, Blue Ash, OH) at each corner. Animals from each of the three groups were 

sacrificed at 2, 4, and 24 weeks and the devices harvested for LSC and histologic analysis.

2.5. Specimen processing and histologic analysis

The non-14C-labeled devices and surrounding tissue were excised and placed in 10% neutral 

buffered formalin for histologic analysis. The specimens were embedded in paraffin, 

sectioned, and stained with H&E and Masson’s Trichrome. H&E stained transverse sections 

were captured with Brightfield imaging across four distinct regions at 400× magnification 

(Nuance multispectral imaging, CRi, Cambridge, MA) (Fig. 2): center of ECM material (red 

boxes, n = 3 representative images); skin/ECM material interface (purple boxes, n = 3 

representative images); abdominal wall/ECM material interface (blue boxes, n = 3 

representative images); edge of ECM device (green boxes, n = 2 representative images). 

Images were taken for each explanted device at each time point, totaling n = 12 images for 

the center of ECM, the skin/ECM material interface, and the ECM/material interface at each 

time point, and n = 8 for images of the device edge at each time point. Images were 

randomly labeled and then scored by five blinded observers to estimate the amount of 

degradation and the number of cells infiltrating the ECM scaffold at each region. The 

number of infiltrating cells was determined by estimating the number of all cell nuclei to the 

closest 50 within the device (delineated by boundaries, as shown in Fig. 2). The amount of 

original ECM material remaining was estimated by scorers visually estimating the amount 

of collagen present in the field of view to the nearest 10%, within the device boundaries. The 

amount of degradation by histologic analysis was then compared with the quantitative value 

for degradation determined by LSC of 14C.

The 14C-labeled devices were excised from the surrounding tissue with all four sutures 

included to assure the entirety of the implant site was harvested. Surrounding tissue, 

including skeletal muscle below the device and fascia above the device was also collected. 

Explanted specimens were weighed, and then placed in 1 mL Solvable (PerkinElmer, 

Boston, MA) in 50 °C for 1–4 days, until fully dissolved. Ten mL of scintillation fluid 

(Ultima Gold; PerkinElmer, Boston, MA) was added to each sample, followed by placement 
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in the b-counter (model LS 1800; Beckman Coulter, Somerset, NJ) for 14C quantification 

[35].

2.6. Liquid scintillation counting and analysis

LSC results were recorded as disintegrations per minute (DPM). DPM were calculated by 

measuring the counts per minute (CPM) and adjusting for counter efficiency using a known 

amount 14C radiation control.

Standard curves of radiation disintegrations per minute (DPM) per mg of 14C biologic 

scaffold material were established using D-ECM and SIS-ECM samples of known mass, 

ranging from 5 mg to 80 mg. SIS-ECM devices had greater 14C values per unit mass than D-

ECM devices, as shown by the difference in slope of the DPM per mass standard curves 

(Fig. 3). This difference may be due to the heterogeneous composition of the dermal tissue, 

which includes hair follicles and pockets of adipose tissue within the hypodermis layer that 

cannot be controlled for between devices with the current hand-splitting method. 

Heterogeneous areas of similar morphology do not exist within SIS-ECM devices. The rate 

of cell turnover in these tissues may also influence the amount of 14C per mass of the 

materials. The cell turnover of small intestine is five times faster than the cell turnover in 

dermis [36], which may allow for more incorporation of 14C into the SIS-ECM. These 

standard curves of DPM per unit mass were used to calculate the remaining amount of 14C 

material in explanted devices.

To determine the amount of the variation within dermal source material, non-implanted 14C-

labeled D-ECM devices of equal mass were evaluated for 14C content by LSC. The 

difference between the actual DPM and calculated DPM using the standard curves resulted 

in a 12% overall variance (Supplemental Fig. 1).

The percentage of device material remaining in each harvested specimen was determined by 

the difference in calculated starting DPM to DPM at the time of explant, minus the 

background DPM of rat abdominal wall muscle. Starting DPM was extrapolated from the 

starting mass of each device.

As expected, the explanted XSIS-ECM devices were not visibly degraded, as evidenced by 

macroscopic examination and histologic analysis (data not shown). However, LSC analysis 

of XSIS-ECM devices showed 80% of the device remaining compared to the starting mass at 

all three time points (Supplemental Fig. 2). Chemically crosslinked ECM has been shown to 

not degrade within 12 months [19,28]; thus, the 20% material decrease was attributed to loss 

of material during the XSIS-ECM implantation procedure. Small pieces from the corners of 

each device were typically lost during surgical implantation as a result of suture placement. 

The lost material therefore was not included in the DPM measurement at the time of explant, 

thus creating a potential source of error when comparing starting device and explant DPM. 

To account for this experimental variance, the amount of XSIS-ECM remaining was used as 

a normalizing factor for the D-ECM and SIS-ECM devices. The inclusion of a chemically 

crosslinked dermal ECM group was deemed to be redundant and therefore was not included.

Carey et al. Page 5

Biomaterials. Author manuscript; available in PMC 2017 March 30.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



2.7. Statistical analysis

Where appropriate, a one-way or two-way analysis of variance (ANOVA) was performed to 

determine significant differences with Student-Newman-Keuls post hoc testing (p ≤ 0.05). 

All analyses were performed using SPSS (SPSS, Chicago, IL). Data are reported as mean 

±standard deviation unless otherwise specified.

3. Results

3.1. Quantitative analysis of device degradation by LSC

LSC showed that D-ECM degraded more slowly than SIS-ECM over the time course of the 

study. At 2 weeks after implantation, the amount of material remaining for both D-ECM and 

SIS-ECM devices was approximately the same. By 4 weeks after implantation, the 

difference in the degradation profile between materials was striking as approximately 80% 

of the D-ECM material was still present, whereas only 20% of the SIS-ECM remained (p = 

0.0005) (Fig. 4). These distinct differences in degradation remained at 24 weeks post-

implantation as approximately 50% of the D-ECM scaffold material remained and the SIS-

ECM was completely degraded and replaced by site appropriate host tissue.

3.2. Histologic examination of cell infiltration

The cell infiltration varied by type of device, location of the interface on the device, and time 

point (Fig. 5). Across all time points, less cell infiltration into the D-ECM devices was 

observed compared to the SIS-ECM devices (Fig. 6). Cell infiltration in the D-ECM devices 

was limited to the margins of the device (i.e. the edge and the device-muscle interface.) In 

contrast, the SIS-ECM material was readily infiltrated by cells across the entire thickness 

and width of the device as early as 2 weeks.

3.3. Histologic examination of material degradation

Histologic examination estimated that 60% of the D-ECM device remained at 2 weeks after 

implantation, with the edges of the device showing the most degradation. By 4 weeks, the 

estimated amount of device remaining increased to 80% D-ECM. At 24 weeks, histologic 

examination estimated that 20% of D-ECM remained. For SIS-ECM, 55% and 10% of the 

device remained after 2 and 4 weeks of implantation, as estimated by histologic 

examination, respectively (Fig. 7). However, at 24 weeks, the estimated amount of device 

remaining increased to approximately 20%. When comparing results from quantitative LSC 

and qualitative histologic examination, there were significant differences in amount of 

material remaining for both D-ECM and SIS-ECM at different time points (Fig. 8).

4. Discussion

The clinical utility of a biologic scaffold is partially dependent upon the time in which a 

given material is degraded and replaced by host tissue [32]. Biologic scaffold devices from 

dermis tissue sources are available for a variety of clinical indications (Table 1), and each 

material has a unique degradation profile. The degradation of scaffolds affects the 

mechanical properties and the host response to the scaffold, both of which affect the device 
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safety and utility [35]. Therefore, knowledge of the degradation characteristics for each 

material is critical when selecting optimal materials for each application [37].

The data presented herein support the anecdotal observations that D-ECM has a markedly 

slower degradation process than SIS-ECM. The prolonged degradation of D-ECM is 

consistent with clinical reports. Histologic examination of Strattice™ (porcine dermal ECM) 

used in breast reconstruction showed a minimally degraded scaffold at 6 weeks and a fully 

integrated scaffold by two years [38,39]. The difference in degradation between D-ECM and 

SIS-ECM can be attributed to a number of factors, including the composition and 

ultrastructure of the ECM, the amount of cell infiltration, and processing method.

ECM scaffolds are composed of structural and functional molecules secreted by the resident 

cells of each tissue and have tissue-specific composition and material properties [17,20]. The 

dermis is part of the thick defensive barrier separating the ‘outside’ and ‘inside’ of the body; 

accordingly, the composition and structure of the D-ECM are specific for barrier protection. 

The D-ECM is composed of structural proteins from the reticular and papillary layers 

dermis, primarily collagen type I and approximately 15% type III collagen [30,40]. D-ECM 

collagen fibers have a unique woven, non-uniaxial fiber orientation [40,41] and are thick and 

coarse compared to collagen arrangements in other tissues [42,43]. This strong, dense 

network of collagens hinders the degradation of D-ECM in comparison to other ECM types. 

In contrast, SIS-ECM is composed of thin, laminated layers [37]: the stratum compactum, 

muscularis mucosa, tunica submucosa. These layers are composed primarily of collagen 

type I, with negligible amounts of collagen types III, IV, V and VI [17] with alignment in a 

crisscross pattern, similar to dermis [44]; however, the SIS-ECM collagen fibers are 

substantially thinner than the dermal collagen fibers [45,46].

In the present study, histologic examination of implanted devices showed significantly (p-

value < 0.001) less cell infiltration into D-ECM material than SIS-ECM, which correlated 

inversely with the amount of material degradation. These findings corroborate those of other 

degradation studies, in which scaffold degradation was associated with the extent and 

distribution of cellular infiltration [27,28,47]. While this study did not specifically identify 

the phenotype of cells infiltrating the scaffolds, previous studies identifying cell populations 

that infiltrate biologic scaffolds following implantation suggest that macrophages are the 

predominant cell population [48]. Macrophages are essential to material breakdown and new 

tissue reconstruction. Previous studies in which macrophage function was inhibited showed 

a lack of material degradation [28] and no new tissue remodeling [47].

Differences in processing techniques for D-ECM and SIS-ECM may also contribute to the 

material degradation profiles. Although the process used to decellularize dermis in this study 

has been optimized to be the least damaging to the D-ECM structure [29], it nonetheless 

utilizes detergents and enzymatic agents, which disrupt ECM ultrastructure, cross-link 

proteins, and remove ECM constituents such as collagen, laminin, fibronectin, elastin, and 

GAGs [49]. Small intestine can be effectively decellularized by mechanical delamination, a 

brief exposure to peracetic acid, and deionized water rinse, which results in less disruption 

of the natural ECM architecture [1]. Future work to investigate the effect of decellularization 
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and other processing methods on the degradation profile of various ECM scaffolds is 

warranted.

Comparison of the quantitative 14C method versus histologic examination to determine 

ECM scaffold degradation showed that visual distinction between original ECM implant and 

newly deposited host ECM is difficult. The estimated amount of material remaining for the 

implanted devices was inaccurate for both D-ECM and SIS-ECM materials. Though visual 

analysis of histologic sections is commonly used to evaluate tissue remodeling [31–33], the 

results of the present study suggest that histologic examination alone is inadequate for 

determining complete the degradation profile of biologic scaffold material.

The observed degradation period of SIS-ECM in the present study is shorter than previously 

reported in 14C degradation studies [16,27,35]. When used as a biologic scaffold for Achilles 

tendon, 40% of the original SIS-ECM remained at the site of remodeling after 4 weeks [27]. 

When placed in the urinary bladder, 60% of the original SIS-ECM remained after 4 weeks 

[16]. In the present study, 20% of the original the SIS-ECM remained after 4 weeks. The 

difference in degradation profiles may be due to rapidity and amount of cell infiltration in 

each anatomic location. The urinary bladder remodeling study used a single layer device 

[16]. The SIS-ECM device for Achilles tendon repair was made of a 10 layers of SIS-ECM 

that delaminated soon after implant [27]. In contrast, the device used in the present study 

was 25 layers, a design necessary to match the mass of D-ECM. The device in the present 

study similarly delaminated quickly in vivo and offered greater surface area for cell 

infiltration, with over 300 cells infiltrating per field of view in the present study, compared to 

100 cells per field of view in the Achilles tendon repair study [27]. Thus, this increase in cell 

infiltration could account, in part, for the difference in degradation times between the 

studies.

5. Conclusions

Initial degradation of D-ECM occurs at the device surfaces, with limited cell infiltration into 

the device interior; however, D-ECM remains approximately 50% intact after 6 months in 
vivo. Qualitative methods of device degradation by histology do not correlate well with the 

quantitative degradation profiles and care must be taken when using this as the sole means of 

determining degradation of biologic scaffold materials.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Supplementary data related to this article can be found online at http://dx.doi.org/10.1016/
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Fig. 1. 
A) Schematic of bilateral abdominal implant rat model, depicting matched 14C-labeled and 

non-radiolabeled devices. B) Implanted D-ECM devices and C) SIS-ECM devices.
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Fig. 2. 
Histomorphologic Evaluation Scheme. Transverse sections were stained with H&E and 

eleven representative fields were imaged across four distinct regions of each tissue 

transverse section: center of ECM material (red diamonds); skin/ECM device interface 

(purple boxes); abdominal wall/ECM device interface (blue circles); edge of ECM device 

(green triangles). (For interpretation of the references to colour in this figure legend, the 

reader is referred to the web version of this article.)
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Fig. 3. 
Standard curves calculating disintegrations per minute (DPM) per unit mass for D-ECM and 

SIS-ECM devices. Results reported as average +/− 1 standard deviation.
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Fig. 4. 
A) Representative Masson’s Trichrome stained mosaic images of SIS-ECM & D-ECM at 2, 

4, and 24 weeks post-implantation. B) Percent of material remaining as quantified by liquid 

scintillation counting (LSC), measured as a change in calculated starting disintegrations per 

minute (DPM) to actual measured DPM after explant, normalized to XSIS-ECM percent 

remaining. Results reported as average +/− 1 standard deviation. Significant differences 

between SIS-ECM and D-ECM at week 4 and week 24, *p-value < 0.05.
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Fig. 5. 
Representative H&E images of D-ECM and SIS-ECM for histologic examination, from four 

different device interfaces: the device edge, the hypodermal interface, the abdominal wall 

interface, and the center of the device. Interfaces are denoted by the yellow line. (For 

interpretation of the references to colour in this figure legend, the reader is referred to the 

web version of this article.)
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Fig. 6. 
The number of cells counted per field of view in SIS-ECM and D-ECM devices after 2, 4, 

and 24 weeks of implantation. A) Comparing D-ECM to SIS-ECM overall and B) 

comparing different locations on the device. Results reported as average +/− 1 standard 

deviation. Using the independent samples Mann–Whitney U test, ***p-value < 0.001.
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Fig. 7. 
The percentage of material remaining by histologic examination material per field of view in 

SIS-ECM and D-ECM devices after 2, 4, and 24wks of implantation, A) comparing D-ECM 

to SIS-ECM overall and B) comparing different locations on the device. Results reported as 

average +/− 1 standard deviation. Using the independent samples Mann–Whitney U 
test, **p-value < 0.01, ***p-value < 0.001.

Carey et al. Page 18

Biomaterials. Author manuscript; available in PMC 2017 March 30.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 8. 
Comparison of amount of device remaining as measured by histologic examination (dotted 

line) or LSC (solid line) for A) D-ECM and B) SIS-ECM. Results reported as average +/− 1 

standard deviation. Using independent samples Students t-test, *p-value < 0.05, **p-value < 

0.01, ***p-value < 0.001.
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Table 1

Commercially available biologic scaffolds composed of dermal ECM.

Product Manufacturing company Source of dermis Approved indication(s)

Strattice™ LifeCell Porcine Hernia repair, Soft tissue reinforcement, Plastic & 
reconstructive surgery

Permacol™ Covidien Porcine Hernia repair, Plastic & reconstructive surgery

XenMatrix™ CR Bard Porcine Hernia repair, Plastic & reconstructive surgery

Mediskin® Brennen Medical/Mölnlycke Health 
Care

Porcine Wound healing

XCM Biologic Tissue™ Synthes Porcine Soft tissue reinforcement and repair, hernia repair, 
plastic and reconstructive surgery

Alloderm® LifeCell Human Plastic reconstructive, general surgical, burn and 
periodontal procedures, and homologous use

Allomax™ CR Bard Human Hernia repair

FlexHD® Ethicon & Musculoskeletal 
Transplant Foundation

Human Homologous use

Graft Jacket® Wright Medical Tech Human Homologous use

DermaSpan™ Biomet Human Wound coverage, plastic reconstruction, tendon 
reinforcement

MemoDerm™ Memometal Human Homologous use, wound healing

DermaMatrix™ Synthes Human Soft tissue grafting for dental applications

PriMatrix™ TEI Biosciences Fetal bovine Wound healing

SurgiMend™ TEI Biosciences Fetal bovine Hernia repair, plastic & reconstructive surgery

TissueMend® TEI Biosciences Fetal bovine Tendon reinforcement

Xenform™ TEI Biosciences Fetal bovine Soft tissue reinforcement in the pelvic floor
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