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Abstract

Individuals with diabetes mellitus are at an increased risk of developing a
diabetic foot ulcer (DFU). This study evaluated the safety and efficacy of Integra
Dermal Regeneration Template (IDRT) for the treatment of nonhealing DFUs.
The Foot Ulcer New Dermal Replacement Study was a multicenter, randomized,
controlled, parallel group clinical trial conducted under an Investigational Device
Exemption. Thirty-two sites enrolled and randomized 307 subjects with at least
one DFU. Consented patients were entered into the 14-day run-in phase where
they were treated with the standard of care (0.9% sodium chloride gel) plus a
secondary dressing and an offloading/protective device. Patients with less than
30% reepithelialization of the study ulcer after the run-in phase were randomized
into the treatment phase. The subjects were randomized to the control treatment
group (0.9% sodium chloride gel; n 5 153) or the active treatment group (IDRT,
n 5 154). The treatment phase was 16 weeks or until confirmation of complete
wound closure (100% reepithelialization of the wound surface), whichever
occurred first. Following the treatment phase, all subjects were followed for 12
weeks. Complete DFU closure during the treatment phase was significantly
greater with IDRT treatment (51%) than control treatment (32%; p 5 0.001) at
sixteen weeks. The median time to complete DFU closure was 43 days for IDRT
subjects and 78 days for control subjects in wounds that healed. The rate of
wound size reduction was 7.2% per week for IDRT subjects vs. 4.8% per week
for control subjects (p 5 0.012). For the treatment of chronic DFUs, IDRT
treatment decreased the time to complete wound closure, increased the rate of
wound closure, improved components of quality of life and had less adverse
events compared with the standard of care treatment. IDRT could greatly
enhance the treatment of nonhealing DFUs.

Currently, there are 387 million individuals worldwide liv-
ing with diabetes mellitus including 29 million Americans.
Diabetics have up to a 25% lifetime risk of developing a
diabetic foot ulcer (DFU).1–3 Once an ulcer develops, heal-
ing is often slow and challenging even for those with
proper treatment. A meta-analysis of studies involving the
standard of care for DFUs demonstrated only a 24% heal-
ing rate at 12 weeks.4 A high proportion of DFUs become
infected (61%)5 and approximately 15% of DFUs result in
lower extremity amputation.6,7 However, an estimated 44–
85% of these amputations can be prevented with improved
foot care programs.8 DFUs are responsible for more hospi-
talizations than any other complication of diabetes, ranging
in costs from $9 to $13 billion in addition to the costs

associated with diabetes itself.9 Substantial morbidity rates
also adversely impact the physical and mental quality of
life of those afflicted.10 Studies using quality of life ques-
tionnaires showed that patients with a nonhealing DFU
report significantly lower scores compared with diabetic
patients without DFUs.11,12 As a result of the complexity
to treat these wounds, nonhealing DFUs inflict an eco-
nomic burden on the healthcare system and considerably
impair a patient’s quality of life.

The standard of care for DFUs is sharp debridement, daily
wound care dressings, offloading, and infection control.13

However, the majority of DFUs that undergo this treatment
do not heal completely and are considered to be nonrespon-
sive to conventional therapy if the DFUs have not shown
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marked improvement over a 4-week period.4 For these non-
healing chronic DFUs, there have been a number of cellular-
and/or tissue-based products (CTPs) that have been eval-
uated in multicenter, randomized, controlled clinical trials
and have demonstrated varying degrees of success.14–17 The
products evaluated in these trials consist of cell-based prod-
ucts and minimally processed human tissue allografts.

Integra Dermal Regeneration Template (IDRT; marketed
as Omnigraft Dermal Regeneration Matrix) is based on Inte-
gra’s Dermal Regeneration Matrix (IDRM) Technology
which is an advanced, acellular, bilayer matrix specifically
engineered for dermal regeneration.18 The dermal replace-
ment layer was designed with a controlled porosity and deg-
radation rate and consists of a three-dimensional matrix of
collagen and the glycosaminoglycan, chondroitin-6-sulfate.
The temporary epidermal layer is made of silicone to pro-
vide mechanical protection and act as a barrier for bacterial
contamination.

The IDRM Technology has been previously evaluated in
four prospective clinical trials for the treatment of third
degree burns and the reconstruction of scar contracture
involving 444 subjects and over 1,200 wound sites.19* In
addition, products using IDRM Technology have been pre-
market approved and 510(k) cleared by the Food and Drug
Administration (FDA).† The IDRM Technology has been
on the market since 1996 and has a long history of safe
and effective use in third degree burns, scar reconstruction,
and acute and chronic wounds. The primary goal of the
Foot Ulcer New Dermal Replacement Study (FOUNDER),
conducted under an Investigational Device Exemption
(IDE), was to evaluate the safety and efficacy of IDRT for
the treatment of nonhealing chronic DFUs.

METHODS

Trial design and subjects

The FOUNDER Study was a multicenter, randomized,
controlled clinical trial with two parallel groups that was
designed based on guidelines from the FDA for developing
products for the treatment of chronic cutaneous ulcers.20

Thirty-two sites enrolled and randomized subjects. Key
inclusion criteria included confirmed type I or type II dia-
betes with a hemoglobin A1c� 12%, patients aged 18
or older, presence of a full-thickness neuropathic ulcer
located distal to the malleolus, study ulcer duration greater
than 30 days, ulcer area between 1 and 12 cm2 postde-
bridement, and adequate vascular perfusion as defined by
ankle-brachial index �0.65 and �1.2 or toe pressure >50
mmHg or TcPO2 >40 mmHg or doppler ultrasound con-
sistent with adequate blood flow to the affected extremity.
The main exclusion criteria were active infection including
osteomyelitis, exposed capsule, tendon, or bone, and
reduction of wound �30% during the screening period
(Table 1). The study was divided into three phases:

screening/run-in, randomization/treatment, and follow-up
(Figure 1).

Screening/run-in phase

After providing written consent and prior to randomization,
subjects entered the screening/run-in phase. During this
phase, a series of screening assessments and a 14-day run-in
period with the standard of care treatment were performed
to determine eligibility. During the first day of the run-in
phase, the following procedures were performed: infection
and exudate assessment, sharp debridement of the study
ulcer, measure of the deepest dimension of the study ulcer
(postdebridement), photograph of the study ulcer (prede-
bridement and postdebridement), study ulcer tracing for pla-
nimetric assessment (postdebridement), and standard of care
treatment. Additional assessments performed during the run-
in phase were location and duration of the study ulcer, sub-
ject demographics, medical history, medication usage and
therapies, physical examination, height and weight, neuro-
pathic assessments, laboratory assessments, and a vascular
perfusion assessment. The standard of care treatment was
applied in the outpatient setting and consisted of sharp
debridement followed by the application of moist wound
therapy consisting of 0.9% sodium chloride gel plus a sec-
ondary dressing consisting of a nonadherent foam dressing,
an outer gauze wrap, and an offloading/protective device,
Active Offloading Walker (boot and/or shoe). Although
there is no “gold standard” for moist wound therapy, the
American Society of Plastic Surgeons recommends main-
taining a moist wound environment.21 Saline gauze and/or
gels have been used as the standard of care for the control
groups in previous clinical trials.22–27 Subjects were
instructed on the standard of care treatment that included
daily dressing changes. For subjects having more than one
qualifying DFU, the study ulcer was designated at the dis-
cretion of the site investigator. Nonstudy ulcers were only
treated with the standard of care.

Randomization/treatment phase

On completion of the run-in period, the subjects were eval-
uated to determine whether they continued to satisfy the
eligibility criteria applied during the screening phase. The
study ulcer was debrided using sharp debridement prior to
the first treatment. In addition, planimetric assessment was
performed on digitized acetate tracings to objectively
quantify wound closure. Computerized planimetry was
conducted in a blinded manner by a central laboratory.
Subjects whose study ulcer healed less than 30% during
the run-in period were randomized using a software algo-
rithm at a central location in mixed blocks of 2 and 4 in a
1 : 1 ratio to the active or control treatment. Randomiza-
tion was stratified by study site and wound size (�3 cm2

vs. >3 cm2). The assigned treatment began on the day of
randomization and the treatment phase lasted until the sub-
ject had 100% wound closure or for up to 16 weeks.

The control treatment was standard of care and the
active treatment was IDRT. The standard of care treatment
applied during the treatment phase was identical to the
standard of care treatment applied during the screening/
run-in phase. The control group subjects (or a trained care-
giver) performed once-daily dressing changes.

*LifeSciences I. Premarket Approval Number: P900033. Integra Artificial Skin,

Dermal Regeneration Template. Approval Date: Mar 1, 1996.
†Marketed as Integra

VR

OmnigraftTM Dermal Regeneration Matrix, Integra
VR

Derma-

buildTM Wound Matrix, Integra
VR

Dermal Regeneration Template, Integra
VR

Meshed

Dermal Regeneration Template, Integra
VR

Bilayer Wound Matrix, Integra
VR

Meshed

Bilayer Wound Matrix.
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Table 1. Trial inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

1) 18 years of age or older 1) Suspected or confirmed signs/

symptoms of gangrene or wound

infection on any part of the

affected limb

11) Osteomyelitis with necrotic soft

bone

2) Type 1 or type 2 diabetes mellitus 2) History of hypersensitivity to

bovine collagen and/or chondroitin

12) Chopart amputation

3) Glycosylated hemoglobin (HbA1c)

�12%

3) Pregnancy 13) History of bone cancer or meta-

static disease of the affected

limb, radiation therapy to the

foot, or chemotherapy within the

12 months prior to randomization

4) Negative serum pregnancy test at

screening for female participants of

child-bearing potential

4) Previous treatment under this clini-

cal study protocol

14) Treatment with wound dressings

that include growth factors, engi-

neered tissues, or skin substi-

tutes within 30 days of

randomization or scheduled to

receive such treatment during the

study

5) Adequate vascular perfusion of the

affected limb

5) Participation in another clinical trial

involving a device or systematically

administered investigational study

drug or treatment within 30 days

of the randomization visit

15) Treatment with hyperbaric oxy-

gen within 5 days of screening or

scheduled to receive this treat-

ment during the study

6) Willing and able to maintain the

required off-loading (as applicable for

the location of the ulcer) and applica-

ble dressing changes

6) Receiving or scheduled to receive

a medication or treatment which,

in the opinion of the Investigator,

was known to interfere with, or

affect the rate and quality of,

wound healing

16) Nonstudy ulcer requiring treat-

ment that could not be treated

during the study with moist

wound therapy

7) At least one DFU that met the follow-

ing criteria:

a) Ulcer was diagnosed as a full-

thickness neuropathic DFU that

was located distal to the malleolus

(excluding ulcers between the toes

but including those of the heel),

b) Minimum 2-cm margin between

the qualifying study ulcer and any

other ulcers on the specified foot

(postdebridement),

c) Area �1 square centimeter (cm2)

and �12 cm2 (postdebridement at

the time of randomization),

d) Wagner grade 1 or 2, e) depth

�5 mm with no exposed capsule,

tendon or bone and no tunneling,

undermining or sinus tracts,

e) Duration of the study ulcer was at

least 30 days at the time of the

screening visit.

7) Any unstable condition or circum-

stance that could interfere with

treatment regimen compliance

(e.g., ability to perform required

dressing changes, ability to comply

with treatment visit schedule,

mental incapacity, current sub-

stance abuse)

17) History of or intercurrent illnesses

or conditions (other than diabe-

tes) that would compromise the

safety of the subject, or the nor-

mal wound healing process (i.e.,

end stage renal disease, immuno-

suppression, etc.)

8) Excessive lymphedema that could

interfere with wound healing

18) Employees or relatives of any

member of the Investigational

site or the sponsor

9) Unstable Charcot foot or Charcot

with boney prominence

19) Size of the study ulcer following

debridement decreased by more

than 30% during the run-in period

10) Ulcers secondary to a disease

other than diabetes

Driver et al. A clinical trial of IDRT
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For the active treatment group, IDRT was applied in the
outpatient setting. Fenestrating and meshing of the IDRT
was permitted to allow for drainage and in the presence of
exudating wounds or hematomas. The IDRT was applied
to the debrided wound, trimmed to size and secured with
sutures or staples, and covered with a secondary dressing.
The silicone layer of IDRT was removed when the colla-
gen layer was replaced by new tissue, typically 14–21
days after application. Reapplication of IDRT was per-

formed at the discretion of the investigator. The secondary
dressing changes for the active treatment group were per-
formed weekly by site personnel.

The subjects’ wounds were evaluated weekly during the
treatment phase or until wound closure. If criteria for
complete wound closure were met, the participant returned
for a confirmation visit 1 week later. Confirmation of
wound closure was confirmed at a second consecutive
study visit.
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Figure 1. Description of study phases. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.

com.]
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Follow-up phase

After completing the treatment phase, all subjects were
followed for the 12-week follow-up phase with clinic visits
every 4 weeks. The first visit of the follow-up phase was 4
weeks after the confirmation visit or the final visit of the
treatment phase for subjects who did not achieve wound
closure. All subjects were monitored for ulcer recurrence
and safety. Subjects whose wounds did not completely
heal continued treatment within their assigned group and
were additionally monitored for wound closure.

Off-loading

The sponsor provided participants in both groups with an
appropriate off-loading/protective device (Active Offload-
ing Walker, boot, and/or shoe) throughout the screening/
run-in and treatment phases. Participants who did not
achieve complete closure during the 16-week treatment
phase continued to use the off-loading device throughout
the follow-up phase. For participants who did achieve
complete closure during the treatment phase, use of the
off-loading device was recommended for an additional 6
weeks. Participants were instructed to wear the off-load-
ing/protective device at all times, except during sleeping,
bathing, or showering. Compliance information on the use
of the off-loading device was collected by the study staff
at each visit via diary review and participant interviews.

Baseline ulcer measurements

The DFU location was documented according to foot (left
or right), surface (plantar, dorsal, or medial), and area
(forefoot, midfoot, or hindfoot). Ulcer depth and size were
measured. Duration of the DFU at screening was deter-
mined based on the days elapsed between first documented
diagnosis of the DFU and the date of the informed consent
signing.

Outcome assessment

The primary endpoint was the percentage of subjects with
complete closure of the study ulcer, as assessed by the
Investigator, during the treatment phase. Complete wound
closure was defined as 100% reepithelialization of the
wound surface with no discernable exudate and without
drainage or dressing requirements. Secondary endpoints
included: (1) percentage of subjects with complete wound
closure of the study ulcer, as assessed by computerized
planimetry, during the treatment phase; (2) time to com-
plete wound closure, as assessed by the Investigator; (3)
time to complete wound closure, as assessed by computer-
ized planimetry, (4) rate of wound closure, as assessed by
computerized planimetry, (5) incidence of ulcer recurrence
at the site of the study ulcer during the follow-up phase;
and (6) change in Quality of Life metrics from baseline to
16 weeks assessed by the Short Form Health Survey (SF-
36). The number and type of adverse events (AEs) were
also collected and categorized.

Statistical analysis

A sample size of 296 subjects in the randomization/treat-
ment phase was needed to have 80%% power to detect a
clinically meaningful difference of 18% (46% in the active

group vs. 28% in the control group) for the primary out-
come using a two-sided 0.05 level test and assuming a
20% dropout rate.

For all primary and secondary efficacy outcomes, the
intent-to-treat cohort was used and for the safety analy-
ses, any subjects receiving treatment after randomization
were included. Appropriate descriptive statistics, includ-
ing proportion for binary outcomes and means and
medians for continuous outcomes, were calculated by
treatment group. Between-group comparison in baseline
characteristics assessed for balance between study groups
in variables that were potentially associated with healing.
Individual baseline variables showing between-group
imbalance with p-value less than 0.05 were included in
all models for covariate adjusted estimates to demonstrate
the robustness of the primary analyses.

For the primary outcome, the treatment groups were
compared for complete wound closure, as determined by
the investigator, at 16 weeks postrandomization using the
logistic regression model, adjusting for baseline ulcer size
strata. The type I (alpha) error rate was set at 0.05. Those
with no postbaseline assessments were considered as not
healed in the primary analysis (the last observation was
carried forward for subjects without follow-up data). An
odds ratio (OR) was estimated from the model in which an
OR significantly greater than 1 provided evidence for a
greater healing percentage in the active group vs. the con-
trol group. To adjust for between-site differences, a mixed-
effects logistic regression with random intercepts for sites
was preferred, but due to some sites having a small num-
ber of patients, the OR estimate from the mixed-effects
logistic regression model was not reliable, and hence, the
final OR was based on the logistic regression model. The
robustness of the final OR estimate was checked by esti-
mating it from both the mixed-effects logistic regression
model and from a logistic regression model with sites as
fixed effects.

For secondary outcomes, the treatment groups were
compared using a Closed Test procedure to maintain the
type I error rate at 0.05. The secondary outcome of com-
plete wound closure, as assessed by computerized planime-
try (0 cm2), was compared in the same way as the primary
outcome. Time to complete wound closure as assessed by
the Investigator and by computerized planimetry were
each analyzed using a Cox regression model adjusting for
baseline ulcer size strata, and hazard ratios (HRs) and their
95% confidence intervals are calculated based on the
model. The model was adjusted for within-site correlation,
and proportional hazard assumption was checked using the
interaction term of time by active group indicator. Rate of
wound closure was assessed using weekly assessed wound
size by planimetry as a dependent variable using a linear
mixed-effects regression model. The model included site
as random-effects to adjust for between-site differences,
and patient as random effects nested within site to adjust
for within-patient correlation from weekly measurements.
Incidence of ulcer recurrence during the follow-up phase
was compared using the same analytic approach as the pri-
mary outcome.

Post hoc analyses of the individual components of the
quality of life metric at the end of the treatment phase
were performed using linear mixed-effects regression with
both baseline and end of treatment phase quality of life as

Driver et al. A clinical trial of IDRT
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the dependent variable, and the interaction of intervention
group indicator by 16-week indicator tested for the treat-
ment efficacy. The rate of AEs was compared between
treatment groups using logistic regression. Statistical anal-
yses were performed using SAS 9.3.

RESULTS

Study subjects

From April 2010 to November 2013, 545 patients with
DFUs were assessed for study eligibility. The intent-to-treat
sample consisted of 307 subjects; 154 subjects randomized
to the active treatment group and 153 subjects randomized
to the control treatment group (Figure 2). The overall with-
drawal rate after randomization but during the treatment
phase was 20% (62/307). There was no difference between
the active and control groups in withdrawal from the study
(p 5 0.15).

Table 2 describes the baseline patient characteristics and
the study wound characteristics. No statistically significant
difference was found in any baseline variable. Subjects in
either the active or the control group had similar wound
characteristics in terms of size at the end of the run-in

period, ulcer age at enrollment, and ulcer location.
Because neither the patient nor the wound characteristics
showed imbalances between treatment groups, covariate
adjustments were not made for any comparisons between
treatment groups.

Complete closure of the study ulcer during the treatment
phase (16 weeks), as defined by the investigator, was sig-
nificantly greater in the active group (51%; 79/154) in
comparison to the control group (32%; 49/153, p 5 0.001).
Similar results were found when wound closure was
assessed by computerized planimetry: 50% (77/154) in the
active group and 31% (48/153) in the control group
(p 5 0.001). The odds of complete wound closure deter-
mined at the end of the treatment phase were 2.2 times
greater (95% CI 5 1.4, 3.5; p 5 0.001) for the active group
compared with the control group. Analysis using planimet-
ric data to assess wound closure was consistent with an
OR of 2.2 (95% CI 5 1.3, 3.5; p 5 0.001). When complete
wound closure as defined by the Investigator was assessed
at 12 weeks, the results were again significantly different
between the two groups (45% active (70/154) vs. 20%
control (31/153); p< 0.001). The odds of complete wound
closure at 12 weeks were 3.3 times greater (95% CI 5 2.0,
5.4; p< 0.001) for the active group compared with the
control group. The median number of applications per
patient, including the initial application, for the active
group was 1 (range 1–15).

Time to complete wound closure as assessed by the
Investigator is shown using Kaplan–Meier curves (Figure
3) by treatment group. For those wounds that healed, the
median time to complete closure of the wound was 43
days for the active group and 78 days for the control
group. Cox regression model showed a significant nonpro-
portional hazards over time between the two treatment
groups, as indicated by a significant interaction of time by
active group (p 5 0.001). On graphical examination of the
hazards and Schoenfeld residuals by the treatment group,
the best fitting model estimated the HR to show three
times higher likelihood of complete wound closure in the
active group compared with the control group during the
first ten weeks (HR 5 3.13, 95% CI 5 2.34, 4.20,
p< 0.001), followed by no difference between groups as
indicated by HR not different from 1 after week 10
(HR 5 0.84; 95% CI 5 0.49, 1.44, p 5 0.53) or equiva-
lently, a significant 73% reduction in the HR of wound
closure after week 10 (HR 5 0.27, 95% CI 5 0.14, 0.50;
p< 0.001). The HR estimate was similar based on time to
complete ulcer closure from planimetric assessment since
the Investigator assessment of weeks to complete wound
closure correlated highly with computerized planimetry
assessment (r 5 0.97, p< 0.0001).

The weekly wound size during the treatment phase by
treatment group is shown in Figure 4. The rate of reduc-
tion in wound size was 7.2% per week for the active group
vs. 4.8% per week for the control group (p 5 0.012). The
percentage of subjects with ulcer recurrence at the comple-
tion of the follow-up phase was 19% for the active group
and 26% for the control group (p 5 0.32). Quality of life
data showed significant improvements in Physical Func-
tioning (p 5 0.047) and Bodily Pain (p 5 0.033) for the
active group compared with the control group.

The majority of AEs in both groups were mild. There
were significantly more subjects with severe AEs (15.6%

238 Excluded* 

127 Did not meet inclusion criteria 

125 Met one or more exclusion 

criterion(a) 

6 Withdrew consent 

16 Other reasons 

*Subjects may have been excluded for more 

than one reason  

545 Subjects assessed for eligibility 

307 Randomized 

153 Randomized to Control 

       Treatment Group 

153 received control 

treatment 

0 did not receive control 

treatment 

22 Withdrawn 

2 Withdrew consent 

0 Adverse event 

1 Protocol viola�on 

6 Inves�gator’s decision 

8 Lost to follow-up 

5 Other 

35 Withdrawn 

3 Withdrew consent 

8 Adverse event 

1 Protocol viola�on 

8 Inves�gator’s decision 

9 Lost to follow-up 

6 Other

106 Completed follow-up 

phase 

82 Completed follow-up 

phase

154 Randomized to Ac�ve 

       Treatment Group 

154 received ac�ve 

treatment 

0 did not receive ac�ve 

treatment 

26 Withdrawn 

1 Withdrew consent 

12 Adverse event 

2 Protocol viola�on 

8 Inves�gator’s decision 

1 Lost to follow-up 

2 Other 

36 Withdrawn 

6 Withdrew consent 

15 Adverse event 

2 Protocol viola�on 

8 Inves�gator’s decision 

2 Lost to follow-up 

3 Other 

128 Completed treatment 

phase 

117 Completed treatment 

phase

Figure 2. Description of subjects assessed for participation

in the FOUNDER Study.
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in active and 26.8% in control group; p 5 0.016) and mod-
erate AEs (31.8% in active and 42.5% in control group;
p 5 0.053) in the control group compared with the active
group. The AEs potentially related to study treatment were
similar in both treatment groups (7/154 (4.5%) in the
active group vs. 8/153 (5.2%) in the control group).

DISCUSSION

This multicenter, randomized, controlled trial demon-
strated that for the treatment of chronic DFUs, an
increased percentage of subjects achieved complete wound
closure when treated with IDRT compared with the stand-
ard of care. Additionally, IDRT decreased the time to
complete wound closure, improved components of quality
of life, and attained a lower percentage of patients with
severe AEs compared with the standard of care. The

assessment of health-related quality of life as an outcome
is something that other DFU clinical trials involving a cel-
lular- and/or tissue-based product have not evaluated. Lim-
itations in mobility, difficulty performing activities of
daily living, and increased reliance on caregivers are a
few examples of how DFUs deleteriously affect quality of
life.

This study has several strengths, including a large sam-
ple size. In addition, the majority of IDRT-treated patients
required only one application of the product. This is in
contrast to studies of cell-based products and minimally
processed human tissue allografts that required an average
of 4–6 applications.14,17 During the 14-day run-in period
in this study, only patients having DFUs that healed less
than 30% were randomized into the clinical trial. Thus,
this study evaluated not only chronic DFUs but also the
most difficult to heal DFUs. The wound closure results at

Table 2. Baseline patient characteristics

Active treatment

group (n 5 154)

Control treatment

group (n 5 153) Total (n 5 307) p Value*

Patient characteristic

Age† (mean 6 SD) 55.8 6 10.6 57.3 6 9.7 56.5 6 10.1 0.18

Male (%) 118 (76.6) 114 (74.5) 232 (75.6) 0.67

Caucasian# (%) 118 (76.6) 111 (72.5) 229 (74.4) 0.41

Black or African-American# (%) 28 (18.2) 34 (22.2) 62 (20.2) 0.46

Hispanic or Latino# (%) 46 (29.9) 37 (24.2) 83 (27.0) 0.26

Use tobacco (%) 28 (18.2) 19 (12.4) 47 (15.3) 0.16

Body mass index (mean 6 SD) 34.0 6 7.2 34.1 6 8.4 34.0 6 7.8 0.90

HbA1c (%, mean 6 SD) 8.0 6 1.8 (64 mmol/mol) 8.2 6 1.9 (66 mmol/mol) 8.2 6 1.7 (66 mmol/mol) 0.50

Study wound characteristics

Size at end of run-in (cm2,

mean 6 SD)

3.53 6 2.5 3.65 6 2.7 3.59 6 2.6 0.71

Ulcer age at enrollment:

Days 6 SD 308 6 491 303 6 418 305 6 455 0.93

Median (IQR) 126 (288) 152 (224) 140 (266) 0.69

Wagner grade 2 (%) 109 (70.8) 116 (75.8) 225 (73.3) 0.32‡

Location§

Dorsal (%) 28 (18.2) 25 (16.5) 53 (17.3)

Plantar (%) 126 (81.8) 127 (83.6) 253 (82.7) 0.69

Area

Calcaneal (%) 0 2 (1.3) 2 (0.7)

Forefoot (%) 109 (70.8) 93 (60.8) 202 (65.8)

Midfoot (%) 33 (21.4) 40 (26.1) 73 (23.8)

Hindfoot (%) 12 (7.8) 18 (11.7) 30 (9.8) 0.16

*Based on chi-square tests for categorical variables and t tests for continuous variables.
†Medicare-age patients (age 65 or older) represent 18.2% (28/154) of the active group population and 20.3%% (31/153) of the

control group population.
‡Compares Wagner Grade 2 vs. Wagner Grade 1.
§One participant randomized to the standard care group whose study ulcer was in the medial location is not included in this

tabulation.
#Subjects with multiple races are counted per each race.

SD, standard deviation; IQR, interquartile range.
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12 weeks were similar to those of other multicenter,
randomized, controlled studies that assessed outcomes at
12 weeks.14,15,28

In DFUs, the rate of wound closure is important because
the risk for developing complications increases the longer
the wound stays open. Based on the median time to heal-
ing, the IDRT group healed 5 weeks faster than the control
group. Additionally, the average wound size reduction per
week was 50% faster in the IDRT group compared with
the control group. As a result of the faster time to wound
closure with IDRT, the cost of hospitalization caused by
DFU-related complications such as infection and/or ampu-
tation can be reduced.

The chronic wound environment provides challenges
such as a prolonged inflammatory response and elevated
protease activity that damages or disrupts the extracellular
matrix and as a result cannot support wound healing.29

Therefore, collagen-based matrices are thought to be bene-
ficial because of their ability to replace the absent or dys-
functional extracellular matrix30 and to reduce proteases.31

It has been further demonstrated that this advanced, bio-
engineered, acellular matrix minimizes or prevents an

inflammatory or immunogenic response that may arise
from cell-based products.15,16,29,32

One of the limitations of this study and all other DFU
studies involving CTPs is that the study was not double-
blinded. This bias was overcome by the use of third-party
blinded computerized planimetry to confirm wound closure
and wound size. Computerized planimetry is considered to
be an optimal independent assessment method.33–35

Despite strict inclusion and exclusion criteria, any bias
against generalizability was minimized by enrolling and
randomizing subjects from 32 academic and private prac-
tice sites across the United States to ensure that study par-
ticipants represent patients with chronic DFUs from a
heterogeneous population. Furthermore, the demographics
of this study population were comparable to the demo-
graphics of previous multicenter, randomized, controlled
clinical studies evaluating CTPs for the treatment of
DFUs.14–17

This study represents an advanced, bioengineered, acellu-
lar matrix that successfully met its primary outcome in a
multicenter, randomized, controlled trial. The dermal
replacement layer, consisting of collagen and chondroitin-
6-sulfate, has been shown to promote dermal regeneration
and vascularization in previous clinical studies.36,37 The
new collagen that was formed was indistinguishable from
normal dermal collagen.36,37 The silicone layer provides
durability and a moisture flux rate that is comparable to
normal epidermis by allowing the wound environment to
remain moist. The silicone layer also provides immediate
wound closure and acts as a physical barrier to bacterial
contamination.18 In this study, once the silicone layer was
removed, the dermal layer promoted reepithelialization of
the wound to achieve complete wound closure. IDRT is
also ready to use off the shelf in contrast to cell-based prod-
ucts that require additional steps to prepare the product for
use.18 Cell-based products also need multiple reapplications
in treating a DFU whereas this study demonstrated that
reapplications of IDRT are generally not necessary. These
design features of IDRT translate to clinical benefits that
are ideal for the treatment of chronic, hard-to-heal DFUs. In
this study evaluating CTPs for the treatment of DFUs,
IDRT demonstrated safety and efficacy including improve-
ments in quality in life with a single application in the out-
patient setting. The safe and effective use of IDRT in the
inpatient setting has also been demonstrated previously in
clinical trials evaluating its use for the treatment of third
degree burns and scar contracture reconstruction. IDRT was
designed to maintain a moist wound environment while
promoting dermal regeneration and reepithelialization. The
history of safe and effective use of IDRM Technology,
which has been studied in nearly 600 subjects in various
clinical trials for multiple indications in the inpatient and
outpatient settings, demonstrates that IDRT could play an
important role in the treatment of chronic, hard-to-heal
DFUs.

Acknowledgments

The authors wish to thank Ankur Gandhi, PhD of Integra
LifeSciences for his assistance with the review of the
manuscript.

Figure 3. p< 0.001 from log-rank test of equality of healing

function between the two groups.

Figure 4. Weekly wound size during the treatment phase

by treatment group.

A clinical trial of IDRT Driver et al.

898 Wound Rep Reg (2015) 23 891–900 VC 2015 by the Wound Healing Society



Source of Funding

This study was sponsored and funded by Integra Life-
Sciences Corporation.

Conflicts of Interest

Vickie R. Driver: Dr. Driver reports grants from Integra
Lifesciences outside the submitted work; Lawrence A.
Lavery: Dr. Lavery reports grants from Integra during the
conduct of the study; Alexander M. Reyzelman: Dr. Rey-
zelman reports personal fees from Integra during the con-
duct of the study; Timothy G. Dutra: Dr. Dutra reports
personal fees from Integra during the conduct of the study;
nonfinancial support from Integra, outside the submitted
work; Cyaandi R. Dove, DPM: Dr. Dove reports personal
fees from Integra during the conduct of the study; personal
fees from Integra outside the submitted work; Sandra V.
Kotsis, MPH: None; H. Myra Kim: Dr. Kim reports grants
from Integra LifeSciences Corporation; Kevin C. Chung:
Dr. Chung reports grants from Integra LifeSciences
Corporation.

References

1. Boulton A, Armstrong D. Diabetic foot and ulceration: epide-
miology and pathophysiology. London: Taylor & Francis, 2005.

2. Boulton AJ. The diabetic foot. Medicine 2010; 38: 644–8.

3. Snyder RJ, Kirsner RS, Warriner RA, 3rd, Lavery LA, Hanft JR,

Sheehan P. Consensus recommendations on advancing the stand-

ard of care for treating neuropathic foot ulcers in patients with

diabetes. Ostomy Wound Manage 2010; 56 (4 Suppl.): S1–24.

4. Margolis DJ, Kantor J, Berlin JA. Healing of diabetic neuro-

pathic foot ulcers receiving standard treatment: a meta-analy-

sis. Diabetes Care 1999; 22: 692–5.

5. Lavery LA, Armstrong DG, Wunderlich RP, Mohler MJ,

Wendel CS, Lipsky BA. Risk factors for foot infections in

individuals with diabetes. Diabetes Care 2006; 29: 1288–93.

6. Ramsey SD, Newton K, Blough D, McCulloch DK, Sandhu

N, Reiber GE, et al. Incidence, outcomes, and cost of foot

ulcers in patients with diabetes. Diabetes Care 1999; 22:

382–7.

7. Sanders LJ. Diabetes mellitus: prevention of amputation.

J Am Podiatr Med Assoc 1994; 84: 322–8.

8. Bild DE, Selby JV, Sinnock P, Browner WS, Braveman P,

Showstack JA. Lower-extremity amputation in people with

diabetes. Epidemiology and prevention. Diabetes Care 1989;

12: 24–31.

9. Rice JB, Desai U, Cummings AK, Birnbaum HG, Skornicki

M, Parsons NB. Burden of diabetic foot ulcers for medicare

and private insurers. Diabetes Care 2014; 37: 651–8.

10. Armstrong DG, Lavery LA, Wrobel JS, Vileikyte L. Quality

of life in healing diabetic wounds: does the end justify the

means? J Foot Ankle Surg 2008; 47: 278–82.

11. Ribu L, Hanestad BR, Moum T, Birkeland K, Rustoen T. A

comparison of the health-related quality of life in patients

with diabetic foot ulcers, with a diabetes group and a nondia-

betes group from the general population. Qual Life Res 2007;

16: 179–89.

12. Goodridge D, Trepman E, Sloan J, et al. Quality of life of

adults with unhealed and healed diabetic foot ulcers. Foot
Ankle Int 2006; 27: 274–80.

13. The University of Michigan Medical School, The University

of Michigan Health System’s Educational Services for Nurs-

ing, Barry University School of Podiatric Medicine. The stand-

ard of care for evaluation and treatment of diabetic foot ulcers.

2010. Available at http://www.woundcarenurses.org/uploads/7/

6/6/7/7667574/diabetic_ulcers.pdf (accessed May 29, 2014).

14. Veves A, Falanga V, Armstrong DG, Sabolinski ML. Graft-

skin, a human skin equivalent, is effective in the management

of noninfected neuropathic diabetic foot ulcers: a prospective

randomized multicenter clinical trial. Diabetes Care 2001;

24: 290–5.

15. Marston WA, Hanft J, Norwood P, Pollak R. The efficacy

and safety of Dermagraft in improving the healing of chronic

diabetic foot ulcers: results of a prospective randomized trial.

Diabetes Care 2003; 26: 1701–5.

16. Reyzelman A, Crews RT, Moore JC, et al. Clinical effective-

ness of an acellular dermal regenerative tissue matrix com-

pared to standard wound management in healing diabetic

foot ulcers: a prospective, randomised, multicentre study. Int
Wound J 2009; 6: 196–208.

17. Lavery LA, Fulmer J, Shebetka KA, et al. The efficacy and

safety of Grafix
VR

for the treatment of chronic diabetic foot

ulcers: results of a multi-centre, controlled, randomised,

blinded, clinical trial. Int Wound J 2014; 11: 554–60.

18. Yannas IV, Burke JF. Design of an artificial skin. I. Basic

design principles. J Biomed Mater Res 1980; 14: 65–81.

19. Heimbach DM, Warden GD, Luterman A, et al. Multicenter

postapproval clinical trial of Integra dermal regeneration tem-

plate for burn treatment. J Burn Care Rehabil 2003; 24: 42–8.

20. U.S. Department of Health & Human Services Food and

Drug Administration, Center for Drug Evaluation and

Research (CDER), Center for Biologics Evaluation and

Research (CBER), Center for Devices and Radiological

Health (CDRH). FDA Guidance for Industry: Chronic Cuta-

neous Ulcer and Burn Wounds-Developing Products for

Treatment. June 2006 Clinical/Medical. Available at: http://

www.fda.gov/downloads/drugs/guidancecomplianceregulator-

yinformation/guidances/ucm071324.pdf, (accessed May 29,

2014).

21. American Society of Plastic Surgeons. Evidence-based Clini-

cal Practice Guideline: Chronic Wounds of the Lower

Extremity. 2007; 1–21.

22. Steed DL. Clinical evaluation of recombinant human platelet-

derived growth factor for the treatment of lower extremity

diabetic ulcers. Diabetic Ulcer Study Group. J Vasc Surg
1995; 21: 71–8; discussion 79–81.

23. Steed DL, Goslen JB, Holloway GA, Malone JM, Bunt TJ,

Webster MW. Randomized prospective double-blind trial in

healing chronic diabetic foot ulcers. CT-102 activated platelet

supernatant, topical versus placebo. Diabetes Care 1992; 15:

1598–604.

24. Steed DL, Ricotta JJ, Prendergast JJ, et al. Promotion and

acceleration of diabetic ulcer healing by arginine-glycine-

aspartic acid (RGD) peptide matrix. RGD Study Group. Dia-
betes Care 1995; 18: 39–46.

25. Richard JL, Parer-Richard C, Daures JP, et al. Effect of topi-

cal basic fibroblast growth factor on the healing of chronic

diabetic neuropathic ulcer of the foot. A pilot, randomized,

double-blind, placebo-controlled study. Diabetes Care 1995;

18: 64–9.

26. Gentzkow GD, Iwasaki SD, Hershon KS, et al. Use of der-

magraft, a cultured human dermis, to treat diabetic foot

ulcers. Diabetes Care 1996; 19: 350–4.

Driver et al. A clinical trial of IDRT

Wound Rep Reg (2015) 23 891–900 VC 2015 by the Wound Healing Society 899

http://www.woundcarenurses.org/uploads/7/6/6/7/7667574/diabetic_ulcers.pdf
http://www.woundcarenurses.org/uploads/7/6/6/7/7667574/diabetic_ulcers.pdf
http://www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformation/guidances/ucm071324.pdf
http://www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformation/guidances/ucm071324.pdf
http://www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformation/guidances/ucm071324.pdf


27. Wieman TJ, Smiell JM, Su Y. Efficacy and safety of a topical

gel formulation of recombinant human platelet-derived growth

factor-BB (becaplermin) in patients with chronic neuropathic

diabetic ulcers. A phase III randomized placebo-controlled

double-blind study. Diabetes Care 1998; 21: 822–7.

28. Edmonds M. Apligraf in the treatment of neuropathic dia-

betic foot ulcers. Int J Low Extrem Wounds 2009; 8: 11–8.

29. International consensus. Acellular matrices for the treatment

of wounds. An expert working group review. London:

Wounds International, 2010.

30. Gibson D, Cullen B, Legerstee R, Harding K, Schultz G.

MMPs made easy. Wound Int 2009; 1: 1–6. Available at

http://www.woundsinternational.com. (accessed May 29,

2014).

31. Ulrich D, Smeets R, Unglaub F, Woltje M, Pallua N. Effect

of oxidized regenerated cellulose/collagen matrix on pro-

teases in wound exudate of patients with diabetic foot ulcers.

J Wound Ostomy Continence Nurs 2011; 38: 522–8.

32. Rizzi SC, Upton Z, Bott K, Dargaville TR. Recent advances

in dermal wound healing: biomedical device approaches.

Expert Rev Med Devices 2010; 7: 143–54.

33. Gethin G, Cowman S. Wound measurement: the contribution

to practice. EWMA J. 2007; 7: 26–8.

34. Brem H, Sheehan P, Rosenberg HJ, Schneider JS, Boulton

AJ. Evidence-based protocol for diabetic foot ulcers. Plast
Reconstr Surg 2006; 117 (7 Suppl.): 193S–209S; discussion

210S–211S.

35. Plassmann P. Measuring wounds. A guide to the use of

wound measurement techniques. J Wound Care 1995; 4:

269–72.

36. Moiemen NS, Staiano JJ, Ojeh NO, Thway Y, Frame JD. Recon-

structive surgery with a dermal regeneration template: clinical

and histologic study. Plast Reconstr Surg 2001; 108: 93–103.

37. Stern R, McPherson M, Longaker MT. Histologic study of

artificial skin used in the treatment of full-thickness thermal

injury. J Burn Care Rehabil 1990; 11: 7–13.

A clinical trial of IDRT Driver et al.

900 Wound Rep Reg (2015) 23 891–900 VC 2015 by the Wound Healing Society

http://www.woundsinternational.com

