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Abstract: Background. Acellular matrices have been successfully used
to heal indolent diabetic foot ulcers (DFUs). These tissues include allogenic dermis as well as xenograft dermis, pericardium, and small
intestine submucosa. While all of these tissues show promise for healing DFUs, dermal-derived matrices have shown considerable potential.
Materials and Methods. The authors retrospectively reviewed healing
in patients with DFUs that failed the standard of care (SOC) treatment from a previous prospective randomized, controlled trial (RCT).
That trial compared the efficacy of human reticular acellular dermal
matrices (HR-ADMs) with the SOC. Of the 16 out of 20 patients who
did not heal in the SOC group, 12 were eligible for crossover treatment
with the HR-ADM. The authors studied the rate of complete healing in
that specific cohort after 12 weeks of crossover treatment. Results. Of
the 12 patients who were eligible for the HR-ADM, 10 (83%) achieved
complete wound healing, with a mean healing time of 21 days to
closure. The corresponding wound area reduction was from 1.7 cm2 to
0.6 cm2. The mean product cost to closure was $800/patient. Conclusion. This study further demonstrates the effectiveness of the HR-ADM
in facilitating the closure of nonhealing DFUs refractory to SOC.
Key words: diabetic foot ulcers, dermal matrices, tissue repair, chronic
ulcers, wound healing
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D

iabetic foot ulcers (DFUs) are common complications, with nearly a
quarter of people with diabetes experiencing at least 1 DFU in their
lifetime.1 The standard of care (SOC) for treating DFUs is offloading the wound, aggressive debridement, reduction of the wound bioburden,
revascularization where indicated, and maintenance of moist wound-healing
conditions.2-6 Typical dressing options include collagen alginates, wound
care gels, and antibacterial creams.
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the HR-ADM for up to 12 weeks. Twelve of the 16 total
patients who did not improve with SOC returned for application of the HR-ADM while continuing SOC. The primary objective of this retrospective study was to evaluate
the proportion of ulcers that went on to complete closure with a weekly crossover application of the HR-ADM
over a period of up to 12 weeks. Secondary objectives
included evaluating the healing trajectory and product
cost to closure.

Materials and Methods

Figure 1. Hematoxylin and eosin stain showcasing the human reticular acellular dermal matrix (HR-ADM) is uniform throughout (symmetrical nature) and similar on both
sides of the graft.

Despite excellent wound care, DFUs often take months
to close, with many failing to do so. Prolonged wound
healing leads to higher rates of infection and lower extremity amputation. Consequently, many interventions
have been devised to accelerate wound closure, although
only a few have undergone rigorous clinical trials.The literature demonstrates certain growth factors, as well as
tissue-cultured skin substitutes, can improve healing of
DFUs.7 In addition, xenograft tissue matrices that have
been studied, including dermis, small intestine submucosa, and pericardium, show promise in healing indolent
wounds. The authors hypothesized human allogenic dermis, being the most analogous to a patient’s tissue, would
provide a suitable wound matrix to facilitate healing of
chronic DFUs.
A randomized, controlled trial (RCT) was conducted
to examine healing of indolent DFUs using a weekly application of aseptically processed human reticular acellular dermal matrix (HR-ADM; AlloPatch Pliable, Musculoskeletal Transplant Foundation [MTF], Edison, NJ) in
conjunction with SOC compared to SOC alone. The results demonstrated that 16 of 20 (80%) patients healed
with a weekly application of the HR-ADM, compared to
4 out of 20 (20%) patients who healed in the SOC arm
after 12 weeks.8
After study exit, patients randomized to SOC were immediately offered the option to cross over and receive
2
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Study population. Patients were deemed eligible for
the study if they did not improve in the SOC arm of the
HR-ADM RCT8 (Western Institutional Review Board, November 13, 2014, #20142081).This included patients who
had completed 12 weeks of SOC but whose ulcers did
not heal and those who had exited the trial at 6 weeks
because their DFUs failed to reduce in area by at least
50%, which was a criterion to ensure safety and the most
compassionate care possible for all enrolled patients.9-12
Of the 16 patients who failed in the SOC arm, 12 returned to the clinic to receive a weekly application of
the donated HR-ADM graft. The other 4 patients did not
elect to receive the HR-ADM or were unable to receive it
due to prior adverse events or serious adverse events that
prevented grafting.
The study was approved by the Western Institutional
Review Board, June 16, 2016 (#20161368) and allowed
the investigators to review medical records of the entire
original cohort from the time of study exit to current
treatment. The study met applicable regulatory requirements in accordance with the provisions of the Declaration of Helsinki and in adherence to Good Clinical Practice. The first patient received a donated HR-ADM graft
on February 10, 2015, and the last patient on February
12, 2016.
Treatments. At each clinic visit, the study ulcer was
examined for presence of infection according to the
guidelines of Woo and Sibbald.13 If the examination suggested infection, a wound culture was taken with anaerobic and aerobic swabs of the suspected infected
area, and appropriate systemic antibiotic treatment was
administered until the infection clinically resolved. The
wound was cleansed with sterile, normal saline solution
and debrided as deemed necessary using a number 15
blade or curette to remove necrotic tissue. Hemostasis
was obtained, digital photography of the wound was
performed, and surface area was documented via acetate sheet tracing.14
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Table 1. Wound and patient variables at study entry (N = 12) compared to the original standard-of-care (SOC) arm of the
randomized, controlled trial (RCT; N = 20)
Variable

Failed SOC arm receiving
HR-ADM (current study)

Original SOC arm (prior RCT)

Age

53 (10)

57 (10)

Caucasian

12 (100)

19 (95)

African American

0 (0)

1 (5)

Male

8 (67)

12 (60)

Female

4 (33)

8 (40)

BMI

34 (8)

32 (7)

Smoker

4 (33)

6 (30)

Drinks alcohol

4 (33)

4 (20)

HbA1c (%)

7.1 (0.9)

7.8 (2)

Creatinine (mg/dL)

1.1 (0.4)

1.1 (0.4)

Wound area (cm )

1.7 (1.7)

2.7 (2.3)

25.3 (30.37)

—

Toe

5 (42)

7 (35)

Forefoot

5 (42)

7 (35)

Midfoot

1 (8)

2 (10)

Heel/ankle/hindfoot

1 (8)

4 (20)

Race

Gender

2

PAR at end of RCT

a

Wound location

Continuous variables are reported as means and standard deviations, and categorical variables are reported as number and percentage.
a
The percentage area reduction (PAR) at the end of 12 weeks in the original RCT. HR-ADM: human reticular acellular dermal matrix; BMI:
body mass index; HbA1c: glycated hemoglobin; PAR: percentage area reduction

The HR-ADM is an aseptically processed graft prepared from the deep layer of human dermis (Figure 1). It
differs from most other human dermal matrices because
it only contains the deeper reticular portion of the dermis without the papillary layer.
The tissue is obtained through a donation program
coordinated by the largest tissue bank in the United
States, MTF. The majority of donors were otherwise
healthy and relatively young people who died in accidents or from sudden illness such as heart attack or
stroke. Donors are thoroughly screened and tested before donation. The screening includes comprehensive
medical and social histories including high-risk behaviors for transmissible diseases. Extensive testing and serology is also performed. In addition, exclusion criteria
consist of potential donors with histories of conditions
that may affect the quality and long-term performance
of the tissue.

The tissue is aseptically processed by this organization without terminal sterilization. Human reticular acellular dermal matrix is available commercially through
the tissue bank for use in offices, wound centers, and
hospitals. The grafts are available in size-specific pieces
to minimize cost and waste.
In preparation for treatment, each graft was trimmed
to fit the wound if needed and pie-crusted or meshed to
no greater than 1.5x to 1.0 with a number 15 blade. The
graft was completely submerged in sterile saline for 5
to 10 seconds and then applied, with care taken to ensure complete adherence in the wound bed and coverage of the entire wound surface.A nonadherent dressing
(ADAPTIC TOUCH, Acelity, San Antonio, TX) was used to
cover the wound, followed by a moisture-retentive dressing (hydrogel bolster) and a padded 3-layer dressing
(DYNA-FLEX,Acelity, San Antonio,TX) until complete epithelialization occurred. Wounds were off-loaded using a
Vol. 28, Epub 2016 November 21

3

Zelen et al

Figure 2. Plot of percentage of wounds healed week by week during the study. After
week 7, the percentage remained constant through week 12.

total contact cast, removable cast
walker (Royce Medical, Camarillo, CA), or similar generic device.
Patients were examined weekly
with continued weekly application of the HR-ADM for up to 12
weeks or until the wound healed.
Study outcomes/Statistics.The
primary endpoint of the study
was the proportion of wounds
completely healed at 12 weeks.
Secondary endpoints looked at
the difference in wound area, in
which paired values were used
for each wound (baseline and
end-of-study values) using the
Wilcoxon signed-rank test; timeto-heal within 12 weeks was calculated using the Kaplan-Meier
approach; the percentage area
reduction (PAR) was calculated as
PAR = ((AI – A12W)/AI)*100, where
AI was the area of the wound at
study entry and A12W was the area
at 12 weeks; and mean product
cost to wound closure, which
was calculated by adding the
costs of the applied HR-ADM. An
intent-to-treat approach was used
for all analyses. For missing observations, last observation carried
forward was used. Study variables
were summarized as means and
standard deviations (SDs) for continuous variables unless the data
were not normal. In such cases,
medians were also reported. Results for categorical variables
were presented as proportions
or percentages. Statistical analysis
was performed using PASW 19
software (IBM, Chicago, IL).

Results

Figure 3. Trajectory of wound healing: plot of percentage area reduction week by
week. After week 7, the percentage remained constant through week 12.
4
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At entry to this retrospective study, patient characteristics
(N = 12) were similar to the overall patient characteristics in the
SOC arm of the RCT, with a mean
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D

Figure 4. Two patients who achieved healing with human reticular acellular dermal matrix (HR-ADM) graft. (A) Patient 1 exit
from standard of care (SOC) after failed treatment; (B) and completely healed with one application of the HR-ADM graft.
(C) Patient 2 exit from SOC after failure of treatment; and (D) completely healed after 4 applications of the HR-ADM graft.

age of 53 years (Table 1). Wounds were smaller in area
(mean 1.7 cm2) at the beginning of this study compared
to their original mean size at the beginning of the RCT
(2.7 cm2), with a 25% mean reduction in area over the
course of the RCT.
Following crossover, 10 of the 12 (83%) wounds
achieved complete wound closure (Figure 2). The mean
area of the DFUs reduced from 1.7 cm2 to 0.6 cm2 (P =
0.006) at 7 weeks for the entire cohort (Figure 3), with
a mean time to healing of 21.3 days (95% confidence
interval, 11–31). Of the 10 patients who succeeded in
healing, the healing was that of durable skin with complete epithialization (Figure 4). Of the 2 patients whose
wounds failed to heal during the 12-week period, 1 patient did not return after the initial visit and application
of the HR-ADM and the other withdrew from the study
after 5 weeks because the wound was not reducing in

area. At the end of the study period, the mean PAR was
82% (SD = 41) (Figure 3). The mean cost of the graft
used to closure was $800 (SD = $790). No patient experienced adverse events or serious adverse events during treatment. All patients were provided with diabetic
shoes and insoles donated by the tissue bank. When examining the results of the original RCT and the crossover cohort, the authors found that of the 32 patients
who received the graft in total, 26 had healed completely for a combined healing rate of 81.3%.

Discussion
This is a retrospective study of patients who, following the conclusion of the original RCT, had wounds that
did not heal with SOC alone and who subsequently received HR-ADM as a crossover treatment in addition to
continued SOC. Twelve out of 16 patients in the cohort
Vol. 28, Epub 2016 November 21
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participated. The results showed the use of HR-ADM led
to complete healing of 83% of the wounds, with a mean
healing time of 21 days (Figure 2). Although this group
of patients (N = 12) is smaller than the original group of
20, the percentages of healed wounds were similar (83%
versus 80% in the RCT), which further supports the conclusions from the original RCT. The trajectory of closure
was also similar to that demonstrated in the RCT (Figure
3). The combined healing rate for both studies was 81%.
In regard to product cost to closure, even though the
HR-ADM was donated for this study, the value of the
graft used was $800. This amount takes into account
the overall smaller wound size (1.7 cm2) at the start
of the crossover study compared to the original RCT
(2.7 cm2 average wound size in the SOC cohort). The
cost to closure for patients in the HR-ADM group of
the original 12-week RCT8 was $1475 with an average
wound size of 4.7 cm2. In a recently published 12-week
trial15 comparing a dehydrated human amnion/chorion
membrane (dHACM; EpiFix, MiMedx, Marietta, GA), a
bioengineered skin substitute (Apligraf, Organogenesis,
Canton, MA), and SOC, the baseline wound areas of the
first 2 groups were 2.6 cm2 and 2.7 cm2, respectively,
with corresponding mean costs to closure of $2798 and
$8828, respectively. While it is difficult to compare cost
to closure from different studies without also looking
at initial wound size and other variables, it is clear the
cost of the bioengineered skin substitute was far greater than the other options due to the fact that the tissue
is only available in a single, large size. In contrast, HRADM and dHACM are available in multiple sizes, which
minimizes waste.
Because HR-ADM grafts are available in size-specific
packages, with the smallest graft measuring 1.5 cm x
1.5 cm, the majority of wounds healed with the smallest appropriate graft size. This reduced overall cost
to closure compared with products available only in
a single, large size. Cost is an important factor when
clinicians choose among a myriad of advanced wound
treatments. This study further supports HR-ADM graft
use as not only a clinically effective but also a costeffective intervention.
The HR-ADM used in this study originates from the
deeper reticular layer of human dermis, which is known
to be rich in collagens, elastin, and other extracellular
matrix (ECM) components.16 The dermis provides an
open, uniform structure for cellular ingrowth and, during aseptic processing, specifically retains key ECM components such as collagens and elastin.8 Furthermore,
6
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reticular dermis has a basket-weave structure, similar
to fetal tissue, which may facilitate regeneration rather
than scar development.17,18 By providing a wound with
this open, uniform, organized framework, HR-ADM may
stimulate the type of healing observed in this study.
In addition, HR-ADM has not undergone the terminal
sterilization typically used in the majority of allografts
available. Terminal sterilization can damage the basement membrane and elastin collagen fibers and subsequently affect the quality of the graft structure and
integrity.19 Aseptically processed HR-ADMs retain ECM
components that play important roles in supporting cell
migration, cell infiltration, and cell attachment.20-22
Study limitations include a small sample size and the
fact that patients did not require follow-up since they
were regular patients in the wound clinic; therefore,
they were under no obligation to return and receive the
complimentary graft.

Conclusion
The crossover study showed a high healing rate
(83%) among patients who received the HR-ADM with
SOC who had failed to heal with SOC alone in the RCT.
The mechanism by which the reticular dermis stimulates healing has yet to be fully investigated. However,
with the results showing such marked success of the
HR-ADM application, this novel approach may provide a
cost-effective technology to treat patients with difficultto-heal DFUs.
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