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Background: 

Chronic wounds affect 2.4 to 4.5 million people in the United States alone and account for two to three percent of the health 
care budget1-3. These wounds fail to heal due to “prolonged or excessive inflammation, persistent infections, formation of drug-
resistant microbial biofilms, and the inability of dermal and/or epidermal cells to respond to reparative stimuli”4. 

Currently, 4.3 to 7.3 million diabetics in the United States will develop foot ulcers in their lifetime. Once they do, these patients 
will be “significantly more likely to experience an infection (OR = 9.43; 95% CI 8.54-10.4), undergo an amputation (OR = 7.40; 
95% CI 6.16-8.89), or experience a fracture (OR = 3.65; 95% CI 2.59-5.15) or fall (OR = 2.26; 95% CI 1.96-2.60)”5-7. Furthermore, 
“the 5-year mortality rate after ulceration [is] around 40%”8. Long-term management of chronic wounds is costly, with Medicare 
spending roughly 6.4 to 9.6 billion dollars annually treating diabetic foot ulcers9. The cost to treat a diabetic patient with a 
diabetic foot ulcer (DFU) versus the cost to treat a diabetic patient without a DFU is more than five times higher in the year 
after diagnosis, while costs for the treatment of the highest-grade ulcers are eight times higher than that of low-grade ulcers10. 
The use of advanced therapies, while sometimes initially costly, has been shown to reduce long-term costs, including reduced 
occurrences of foot complications and amputation rates10. One such advanced therapy in the treatment of chronic wounds is 
the use of amniotic membrane grafts. Human placental tissue has been documented to accelerate wound healing and reduce 
scarring while also being anti-inflammatory and antibacterial11-13. However, its effectiveness is impacted by human donor 
variability14-16 and the presence of cells and cellular debris17. 

Convatec Triad Life Sciences, LLC. has introduced a solution to these problems in a medical device that retains the healing 
advantages of the placenta. This solution, InnovaMatrix®, is derived from porcine placental tissues. Unlike human donors, 
InnovaMatrix® donors are monitored for health, activity level, diet, age, and genetics. Further, InnovaMatrix® is a 510(k)-cleared 
medical device with stringent quality systems and design controls in place, leading to reliability, reproducibility, and safety in the 
final product. It is thoroughly decellularized, virally inactivated, and disinfected. Decellularizing the device facilitates the healing 
process by removing cells and cellular debris that would otherwise cause an M1-macrophage response18-19.

Material and Methods:

To assess healing efficacy, InnovaMatrix® was compared to a commercially available dehydrated human amnion chorion 
membrane (dHACM) in a randomized, controlled trial. Using the chronic wound model developed by Stadler et al.20, two Stage III 
pressure ulcers were induced on each rodent with 50mmHg of pressure caused by 10mm magnetic discs. For three consecutive 
days, the magnets were applied for 16 hours and then removed for eight hours. The ulcers were then surgically debrided with an 
8mm biopsy punch to leave an approximate 1mm perimeter of ischemic tissue intact. The ischemic tissue helps to maintain the 
wound area and prevent contraction of the wound, which is common with excisional wounds in rodents.
 
The rodents (N=48) were divided equally into three groups to be studied at three different time points: 3-days, 7-days, and 
14-days. Half of the rodents in each group received an application of InnovaMatrix® plus a transparent occlusive dressing on 
the right wound and only an occlusive dressing on the left wound. The other half of the rodents received an application of 
dHACM plus a transparent occlusive dressing on the right wound and only an occlusive dressing on the left wound. Following 
ulcer debridement and treatment with the membranes, each group of rodents was sacrificed at the different time points—
either at Day 3, Day 7, or Day 14. After the sacrifice, the wounds were photographed, excised, and fixed, while the defect sites 
were bisected and processed for paraffin embedding. Staining of histologic sections of each defect was then performed with 
hematoxylin & eosin (H&E) to assess re-epithelialization. Finally, measurements of the gap between migrating epithelial fronts 
and CD31 were taken for assessment of neovascularization.
  

Data/Results:

All surgeries were performed without complications, and all animals recovered and survived until their respective sacrifice 
points. The ischemic wounds were consistent and reproducible. The ischemic wound areas consisted of cold, hard skin and were 
surgically debrided using a biopsy punch to create uniform wound beds.
 
Samples collected from the three day post-surgery group all maintained their relative circular shapes with little to no contracture. 
All of the no-treatment Control wounds developed large fibrotic masses between the skin and muscle tissue, whereas the 
wounds treated with either InnovaMatrix® or the commercial dHACM graft did not have such masses. Re-epithelialization 
trended higher in the wounds treated with InnovaMatrix® versus those treated with either the dHACM graft or the no-treatment 
Controls, although the difference was not statistically significant.
 
Samples from the seven day post-surgery group all showed evidence of wound healing, but the wounds treated with 
InnovaMatrix® were generally smaller than those treated with either the dHACM commercial graft or the no-treatment Controls. 
Wounds in the dHACM and Control groups remained larger and circular, while the wounds treated with InnovaMatrix® varied in 
appearance, with some having an elliptical shape and others showing a more irregular but circular shape.



Histologically at seven days post-surgery, wounds in 
both treatment groups had highly granulated tissue 
that primarily consisted of dermal fibroblasts with 
mononuclear cells at the border of the wounds and 
the eschar. Also, epithelial cells could be seen grow-
ing under the eschar at the wound edges.

Conversely, the no-treatment Control wounds were 
filled with granulation tissue and were less cellular 
when compared to the wounds in the treatment 
groups and contained primarily mononuclear cells.  
It was also observed that the wounds treated with 
InnovaMatrix® had a statistically significant great-
er re-epithelialization than the Controls, while the 
wounds treated with dHACM did not exhibit a statis-
tically significant difference from their no-treatment 
Controls. 

Samples from the 14 day post-surgery group 
showed that almost all wounds were nearing com-
plete closure and were mostly stellate in shape. 
There were areas of re-epithelialization around all 
wounds as evidenced by newly formed skin that 
lacked hair follicles. The no-treatment Controls still 
had areas of redness at the centers of the wounds 
that were larger than what was found in wounds 
treated with either InnovaMatrix® or the dHACM 
commercial graft. 

Figure 1: Representative images of wounds at Day 7. No-treatment Controls are on the left of each animal. Test articles are on the right15.

Figure 3: Representative images of wounds at Day 14. No-treatment Controls are on the left of each animal. Test articles are on the right15.

Figure 2: At Day 7, histology revealed new epithelial cells growing at the wound 
edges for both InnovaMatrix® and dHACM commercial graft.  

Scale bar = 1000um (1mm)15.



At each time point, the CD31 stained sections from 
three random areas with the wound were imaged at 
32X magnification for each of the groups. The images 
were processed using QuPath Image Analysis, which 
counted all CD31 stained blood vessels but excluded 
single stained cells not associated with a lumen. 
For the analyses, the wounds treated with either 
InnovaMatrix® or dHACM were compared to their 
contralateral Controls to account for individual animal 
variability. The results showed that wounds treated 
with InnovaMatrix® trended higher in number of blood 
vessels when compared to contralateral controls at 
Day 3 and Day 14, while dHACM trended higher only at 
Day 7. While the number of vessels was not statistically 
different between any of the groups, it was noted that 
the diameters of the blood vessels in wounds treated 
with InnovaMatrix® were larger than those found in 
the wounds treated with the dHACM commercial graft, 
as seen in the CD31 stains of the central parts of the 
wounds.

Figure 4: At Day 14, histology revealed more complete re-epithelization in wounds treated 
with InnovaMatrix® than those treated with dHACM commercial graft, as evidenced by the 

continuous layer of light purple. Scale bar = 1000um (1mm)15.

Figure 5: Wounds treated with InnovaMatrix® showed statistically significant greater re-
epithelialization on Day 7 vs. Control and again on Day 14 vs. dHACM and Control15.

Histologically at Day 14, the no-treatment Control wounds had not completely re-epithelialized and were primarily composed of 
cellular granulation tissue, which is similar to what was observed in the Control wounds at seven days post-surgery. In contrast, 
wounds treated with dHACM had more complete re-epithelialization and the granulation tissue was less cellular with areas 
of organized extracellular matrix beginning to form. In the wounds treated with InnovaMatrix®, re-epithelialization was more 
extensive, and the epithelial layers were similar in thickness to the surrounding uninjured tissues. Further, the granulation 
tissues of these wounds were less cellular than what was observed at Day 7, and the tissues contained areas of organized 
extracellular matrix that had a similar density to the adjoining native dermis.

At 14 days post-surgery, the wounds treated with InnovaMatrix® had statistically significant greater re-epithelialization (83.79% 
± 15.49%) than what was observed in the wounds treated with the dHACM commercial graft (70.51% ± 17.28%) or the no-
treatment Control wounds (67.81% ± 2.95%). Also, three out of the eight wounds treated with InnovaMatrix® had closed by this 
time, whereas only one wound treated with the dHACM commercial graft had closed.



References:
1.  Brownrigg J, Apelqvist J, Bakker K, Schaper N, Hinchliffe R. Evidence-based management of PAD & the diabetic foot. Eur J Vasc Endovasc Surg. 2013; 

45:673–681.
2. Richmond N, Maderal A, Vivas A. Evidence-based management of common chronic lower extremity ulcers. Dermatol Ther. 2013; 26:187–196.
3.  Canadian Agency for Drugs and Technologies in Health, 2013. Optimal care of chronic, non-healing, lower extremity wounds: A review of clinical 

evidence and guidelines. Ottawa, ON, Canada.
4. Frykberg R, Banks J. Challenges in the treatment of chronic wounds. Advances in Wound Care. 2015; 4(9):560-582. doi:10.1089/wound.2015.0635
5.  Centers for Disease Control and Prevention, 2020. National diabetes statistics report: Estimates of diabetes and its burden in the United States. 

Atlanta: US Department of Health and Human Services.
6.  Greer N, Foman N, Dorrian J, Fitzgerald P, MacDonald R, Rutks I, Wilt T. Advanced wound care therapies for non-healing diabetic, venous, and 

arterial ulcers: A systematic review. 2012; VA-ESP Project #09-009.
7.  Allen L, Powell-Cope G, Mbah A, Bulat T, Njoh E. A retrospective review of adverse events related to diabetic foot ulcers. Ostomy Wound 

Management. 2017; 63(6):30-33.
8.  Jupiter D, Thorud J, Buckley C, Shibuya N. The impact of foot ulceration and amputation on mortality in diabetic patients. I: From ulceration to 

death, a systematic review. International Wound Journal. 2016; 13(5):892-903. doi:10.1111/iwj.12404
9.  Nussbaum S, Carter M, Fife C, et al. An economic evaluation of the impact, cost, and medicare policy implications of chronic nonhealing wounds. 

Value in Health. 2018; 21(1):27-32.
10. Kirsner RS. Diabetic foot ulcers. Wound and Lymphoedema Management. 2010; 109.
11.  Choi JS, Kim JD, Yoon HS, Cho YW. Full-thickness skin wound healing using human placenta derived extracellular matrix containing bioactive 

molecules. Tissue engineering: Part A. 2013; 19(3-4):329-39. doi:10.1089/ten.TEA.2011.0738
12.  Mamede A, Carvalho M, Abrantes A, Laranjo M, Maia C, Botelho M. Amniotic membrane: From structure and functions to clinical applications. Cell 

and Tissue Research. 2012; 349(2):447-458.
13.  Niknejad H, Peirovi H, Jorjani M, Ahmadiani A, Ghanavi J, Seifalian A. Properties of the amniotic membrane for potential use in tissue engineering. 

Eur Cells Mater. 2008; 15:88-99.
14.  Cardinal L. Central tendency and variability in biological systems. J Community Hosp Intern Med Perspect. 2015; 5(3). doi:10.3402/jchimp.v5.27930
15.  Collier A, Tingle M, Paxton J, Mitchell M, Keelan J. Metabolizing enzyme localization and activities in the first trimester human placenta: The effect 

of maternal and gestational age, smoking and alcohol consumption. Hum Reprod. 2002; 17(10):2564-2572. doi:10.1093/humrep/17.10.2564
16.  O’Huallachain M, Karczewski K, Weissman S, Urban A, Snyder M. Extensive genetic variation in somatic human tissues. Proc Natl Acad Sci. 2012; 

109(44):18018-18023. doi:10.1073/pnas.1213736109
17. Data on File
18.  Gilpin A, Yang Y. Decellularization strategies for regenerative medicine: From processing techniques to applications. Biomed Res Int, 2017. 

doi:10.1155/2017/9831534
19.  Keane T, Londono R, Turner N, Badylak S. Consequences of ineffective decellularization of biologic scaffolds on the host response. Biomaterials. 

2012; 33(6):1771-1781. doi:10.1016/j.biomaterials.2011.10.054
20.  Stadler I, Zhang R, Oskoui P, Whittaker M, Lanzafame R. Development of a simple, noninvasive, clinically relevant model of pressure ulcers in the 

mouse, J Invest Surg. 2004; 17(4):221-7.
21. Data on File

Conclusion:
 
In this animal study, InnovaMatrix® promoted wound 
healing that was favorable to dHACM at all three of the 
evaluated time points: 3-days, 7-days, and 14-days post-
surgery. Additionally, wounds treated with InnovaMatrix®  
exhibited greater re-epithelialization and wound closure 
than those treated with either the dHACM commercial graft 
or the no-treatment Controls, demonstrating a statistically 
significant difference in percentage of re-epithelialization 
at the final 14-day timepoint. The CD31 stain revealed that 
wounds treated with InnovaMatrix® had more mature 
blood vessels with larger diameter lumens when compared 
to those that were treated with dHACM. These metrics of 
healing support the use of InnovaMatrix® as a therapy for 
chronic wounds.

Figure 6: Images of neovascularization at Days 3, 7, and 14. 
dHACM commercial graft-treated wounds are on the left and 
InnovaMatrix®-treated wounds are on the right. Images are 
stained with CD3115.



Notes:
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