
OR I G I N A L AR T I C L E

Retrospective real-world comparative effectiveness of ovine
forestomach matrix and collagen/ORC in the treatment of
diabetic foot ulcers

Brandon A. Bosque1 | Christopher Frampton2 | Abigail E. Chaffin3 |

Gregory A. Bohn4 | Kevin Woo5 | Candace DeLeonardis6 | Brian D. Lepow7 |

M. Mark Melin8 | Tobe Madu9 | Shane G. Dowling1 | Barnaby C. H. May1

1Aroa Biosurgery Limited, Auckland, New Zealand
2Department of Psychological Medicine (Christchurch), Otago University, Christchurch, New Zealand
3Division of Plastic and Reconstructive Surgery, Department of Surgery, Tulane University School of Medicine, New Orleans, Louisiana, USA
4Department of Surgery, Central Michigan University, Tawas City, Michigan, USA
5Queen's School of Nursing, Queen's University, Toronto, Ontario, Canada
6DSA Health, Tampa, Florida, USA
7Division of Vascular Surgery and Endovascular Therapy, Baylor College of Medicine, Houston, Texas, USA
8M Health Fairview Wound Healing Institute, South Campus, Department of Vascular Surgery, University of Minnesota, Edina, Minnesota, USA
9Tissue Analytics, a Net Health Company, Pittsburgh, Pennsylvania, USA

Correspondence
Barnaby C. H. May, Aroa Biosurgery
Limited, 2 Kingsford Smith Place, Airport
Oaks, Auckland, New Zealand.
Email: barnaby.may@aroabio.com

Funding information
Aroa Biosurgery Limited and Callaghan
Innovation Limited (New Zealand)
Growth, Grant/Award Number:
MSMA1402

Abstract

The retrospective pragmatic real-world data (RWD) study compared the

healing outcomes of diabetic foot ulcers (DFUs) treated with either ovine fore-

stomach matrix (OFM) (n = 1150) or collagen/oxidised regenerated cellulose

(ORC) (n = 1072) in out-patient wound care centres. Median time to wound

closure was significantly (P = .0015) faster in the OFM group

(14.6 ± 0.5 weeks) relative to the collagen/ORC group (16.4 ± 0.7). A sub-

group analysis was performed to understand the relative efficacy in DFUs

requiring longer periods of treatment and showed that DFUs treated with

OFM healed up to 5.3 weeks faster in these challenging wounds. The percent-

age of wounds closed at 36 weeks was significantly improved in OFM treated

DFUs relative to the collagen/ORC. A Cox proportional hazards analysis

showed OFM-treated wounds had a 18% greater probability of healing versus

wounds managed with collagen/ORC, and the probability increased to 21%

when the analysis was adjusted for multiple variables. This study represents

the first large retrospective RWD analysis comparing OFM and collagen/ORC

and supports the clinical efficacy of OFM in the treatment of DFUs.
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Key messages
• a retrospective comparative analysis of healing outcomes in diabetic foot

ulcers using real-world data to compare the extracellular matrix technology,
“ovine forestomach matrix” (OFM) and a reconstituted collagen, 'colla-
gen/ORC'

• primary outcome of the study was median time to DFU closure (weeks),
with secondary endpoints of percentage wounds closed at 12-, 24-, and
36-weeks; and Cox proportional hazards analysis

• the study compared two wound cohorts comprising n = 1150 and n = 1072
DFUs, for the OFM and collagen/ORC cohorts, respectively. OFM-treated
DFU had a significantly faster median time to heal; increased percentage of
wounds closed (12-, 24-, and 36-weeks), and an increased probability of
healing

• this study represents the first large-scale RWD analysis to assess the relative
performance of the two technologies in the treatment of DFUs

1 | INTRODUCTION

The successful treatment of diabetic foot ulcers (DFUs)
presents multiple challenges for clinicians and incurs a
significant psychosocial toll on afflicted patients and their
families. In addition to the negative impact on quality of
life (QoL) measures, DFUs increase a patient's risk for
infection,1 hospitalisation,2 and amputation.3 Current
estimates demonstrate one in six patients with a DFU
will undergo an amputation, making DFUs the leading
cause of nontraumatic amputations in the United States
(US).4 Additionally, there are significant financial bur-
dens incurred by DFUs. A 2012 retrospective study of
7099 DFUs reported a mean cost to achieve closure of
$3927 per DFUs.5The DFU related cost and burden to the
US health care system has been estimated at $9 to 13 bil-
lion.3,6 These factors, coupled with the increasing global
incidence of adult type-2 diabetics, presents a significant
unmet need in modern healthcare for readily accessible,
affordable, and effective interventions for the treatment
of DFUs.

Technical and procedural developments in modern
wound care have produced numerous advances in the
clinical management of DFUs. In parallel, the design of
clinical studies to demonstrate therapeutic efficacy has
evolved. Real-world data (RWD), as used routinely in
other clinical specialties, is a recognised and validated
methodology to support real-world evidence.7,8 Meticu-
lously designed and well-controlled prospective
randomised control trials (RCTs), by definition, may not
accurately reflect the real-world challenges that clinicians
encounter when treating DFUs. For example, a review of

283 published RCTs found that individuals with co-
morbidities common in the general population were
excluded from 81.3% (n = 230) of RCTs.9 Cohort studies
utilising real-world registry data can provide a more com-
pelling and insightful perspective, while minimising bias
as compared with RCTs. This is particularly evident in
wound care studies where patient variability can be rela-
tively large and RCTs would otherwise exclude patients
commonly encountered in the typical Wound Care Cen-
tre (WCC). When comparing real-world patient cohorts
to RCT cohorts, Fife et al. found that the initial wound
area of DFUs selected for RCT studies were three times
smaller as compared with the general real-world popula-
tion.10 Additionally, the severity of DFUs included in
RCTs was not reflective of the typical clinical practice,
with 43.6% of real-world DFUs being Wagner 3 or higher,
whereas many RCTs only included Wagner 1 and 2.10

With the exclusion criteria set by RCT's, it is estimated
that these types of studies accurately represent only 4% of
the real-world wound population.11 By matching key
patient variables across cohort groups, RWD studies may
offer clarity regarding the efficacy of specific treatment
modalities, enabling meaningful evaluation across signifi-
cantly larger sample sizes.

For many decades, reconstituted collagen wound
dressings have been a commonly used treatment modal-
ity for acute and chronic wounds.12 These traditional
technologies are comprised of collagen, isolated from ani-
mal tissues (including tendon and hide), using denatur-
ing processes to fully or partially solubilise the collagen,
with subsequent downstream fabrication into collagen
foams. Many types of commercially available collagen
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wound dressings are available, including products com-
prising 100% reconstituted collagen (e.g., Puracol,
Medline Industries), or collagen formulated with natural
or synthetic polymers (e.g., oxidised regenerated collagen
(ORC), Promogran, 3 M/KCI; carboxymethycellulose,
Biostep, Smith and Nephew; or alginate, e.g., Cutimed
Epiona, BSN Medical). These reconstituted collagen
dressings contain types I and III collagen that rehydrate
to a gelatinous form creating a moist environment in the
wound bed. More traditional collagen-based dressings
have been super-seeded by advanced bioscaffold technol-
ogies that support cellular infiltration, migration, and
proliferation, providing biological ques to assist in tissue
regeneration. One approach in the development of these
technologies uses a subtractive manufacturing approach.
Starting with a suitable source tissue, cellular compo-
nents are selectively removed leaving only the proteina-
ceous tissue extracellular matrix (ECM). These
“decellularized extracellular matrix” (dECM)-based tech-
nologies retain the structure and composition of soft tis-
sue ECM and have been prepared from numerous source
tissues including bovine, equine, porcine, piscine, and
cadaveric.13 Being naturally derived from intact source
tissue, dECM products are largely composed of collagen
types I and III, but importantly also preserve and contain
a diverse array of secondary proteins, polysaccharides,
and proteoglycans that are known to play an important
role in soft tissue repair through contribution to the
milieu of wound healing.14

dECM-based products for wound care have largely
remained inaccessible because of cost, prescribing habits
and insurance coverage, and are therefore typically
utilised as a “last resort” in modern wound care, being
available only as “cellular or tissue-based product” (CTP,
or “skin substitutes”). Ovine forestomach matrix (OFM)
(Endoform Natural, Aroa Biosurgery), is the first dECM
technology to be made widely accessible to wound care
professionals, enabling increased accessibility and adop-
tion into clinical practice. OFM is derived from ovine
forestomach tissue using processes optimised to remove
ovine cells while maintaining the structure and composi-
tion of the tissue ECM.15 OFM contains more than
150 different proteins, including elastin, fibronectin, gly-
cosaminoglycans and various growth factors, such as vas-
cular endothelial growth factor (VEGF) and platelet
derived growth factor (PDGF).16 OFM has been shown to
recruit mesenchymal stromal cells,17 stimulate cell
proliferation,18 angiogenesis and vascularogenesis,18

while modulating wound proteases.19

Of the previously mentioned reconstituted collagen
dressings, one of the most utilised and studied is the prod-
uct, collagen/ORC (Promogran, 3 M/KCI). OFM and colla-
gen/ORC are both available for first-line management of

wounds. For example, both products are reimbursed in the
US as A-code surgical dressings enabling immediate pre-
scription, facilitating incorporation immediately in addition
to standard of care (SOC) methods. These two wound care
products have similar costs, clinical indications, application
techniques, and are used to address wound chronicity (via
modulation of wound proteases), support granulation tissue,
and advance wound closure in complex soft tissue defects.
Our goal was to undertake a retrospective analysis of RWD
comparing the relative efficacy of OFM (dECM technology)
versus the traditional reconstituted collagen dressing colla-
gen/ORC in the treatment and outcomes of DFUs.

2 | MATERIALS AND METHODS

This study was conducted in accordance with the Decla-
ration of Helsinki. The study protocol was reviewed by
the independent Institutional Review Board (IRB)
(Advarra Institutional Review Board Services, MD, USA).
The IRB concluded that the study was exempt from IRB
approval as the study was retrospective and utilised de-
identified wound data.

Data were extracted from the Net Health Wound Care
(formerly “Wound Expert”) database (NetHealth, Pitts-
burgh, PA) during the period of January 1, 2014, to June
302 020, representing 449 WWCs across the United
States. These are out-patient WCCs that are typically
associated with a hospital system and receive patient
referrals for specialised care in the management of com-
plex wounds across a spectrum of etiologies and patient
demographics. Wounds still under active management at
the date of data acquisition were excluded from the
study. Data were extracted from a pool of 31 883 wounds
(25 762 patients) and filtered based on the inclusion and
exclusion criteria represented in Figure 1 and Table 1.
The data represented unique visits and associated treat-
ments at the WCC only. Wounds with no baseline char-
acteristics were excluded from the study, as well as
wounds that included baseline characteristics but had no
follow-up data. Wounds were further filtered based on
DFU location and marked “forefoot”, “rear foot” or
generically 'foot' in the absence of definitive anatomical
location. Sequential treatment with either of the products
was not specifically assessed in the study; for example,
wounds receiving weekly treatment with OFM or colla-
gen/ORC until closure were treated identically to wounds
that may have only been treated for a period, then treat-
ment ceased. All wounds were included in the study,
including those that had been managed with other
advanced therapies; hyperbaric oxygen (HOBT), negative
pressure wound therapy (NPWT) and advanced biologic
dressings (e.g., CTPs). All patients were assumed to have
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had proper offloading (TCC, nonweightbearing, padding)
and workup and management of their underlying
comorbidities.

Demographic data were summarised by treatment
group using mean (standard deviation [SD]) and median
for age and frequencies and percentages for gender. Mean
blood glucose (eAG) concentrations for each cohort were
converted to mean haemoglobin (A1c) using the formula:

A1c %ð Þ¼ eAG mgper dLð Þþ46:7
28:7

Patient demographics were compared between groups
using independent t-tests and chi-square tests. Wound
age was determined from the patient self-reported first
incidence of the wound, which did not necessarily corre-
late with the first placement of either OFM or collagen/
ORC. Wound area (cm2) was calculated from the wound
dimensions by multiplying the wound length (cm) and
wound width (cm). Baseline wound characteristics
including size and wound age, were summarised using
mean (SD) and median compared using independent t-
tests or the non-parametric Mann-Whitney U test, as
appropriate. The analysis included all DFUs that received
2 or more WCC applications of either product, with a fur-
ther sub-group analysis for wounds receiving ≥4, ≥8 and
≥12 applications of either product in the WCC.

The number of WCC applications were calculated for
all DFUs, as well as for DFUs receiving ≥4, ≥8 and ≥12
applications of either product in the WCC. These data
were summarised using mean (SD) and median com-
pared using nonparametric Mann-Whitney U test.

Time to closure was defined as the period between
the first application of either product and subsequent
wound closure, where closure was defined as a wound
area of <0.25 cm2 or where wounds had been marked as
“closed”, “healed” or “resolved” in the final reporting.
The median time to wound closure and the percentage of
wounds closed at 12, 24, and 36 weeks were estimated
using the Kaplan-Meier method. The percentage of DFUs
closed was statistically compared between treatment
groups using Greenwood's standard error estimates.

Time to wound closure between the treatment groups
was compared using Cox Proportional Hazards (CPH)
regression analysis with the comparison summarised as
the hazard's ratio (HR) with 95% confidence interval (CI).
Adjusted analyses of the time to wound closure were

FIGURE 1 Data filtering and sample size (wound and patient)

used in the study

TABLE 1 Inclusion and exclusion criteria

Inclusion Exclusion

• Wounds managed been the
period January 1, 2014 to
June 30, 2020

• Wound managed with either
OFM or collagen/ORC

• Diabetic foot ulcer (DFU),
with locations marked as
“forefoot”, “rear foot”
or ‘foot’

• 2 or more applications of the
products

• Baseline wound area,
between 1 and 150 cm2

• Wounds still under active
management

• Wounds managed with
both products

• Patients undergoing
palliative treatment

• Wounds with follow-up
but no baseline
characteristics

• Wounds with baseline
characteristics but no
follow-up
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undertaken using CPH regression to compare treatment
groups, incorporating age, gender, initial wound size,
wound type, and duration of wound as covariates in the
model. Adjusted HRs for the treatment group comparison
were estimated from these models for the total sample.
All analyses performed by using SPSS v26 and a two-
tailed P-value ≤.05 were taken to indicate statistical
significance.

3 | RESULTS

3.1 | Patient demographics

The study followed a pragmatic design, with relatively
open inclusion and exclusion criteria. Exclusion criteria
consisted of DFUs managed with both products, those
still under active management at the time of data acquisi-
tion, patients under palliative treatment and wounds
with either no baseline characteristics or alternatively no
follow-up (Figure 1 and Table 1). Only wounds that
received 2 or more WCC treatments with either product,
wounds treated since 2014 and wounds with an initial
area of 0 to 150 cm2 were included in the study. A rela-
tively large initial wound area (0-150 cm2) was included
as all wounds were subsequently filtered and verified to
ensure only DFUs were included, and wounds had an
appropriate anatomic location (e.g., forefoot, foot, or rear
foot). Of the initial wound records (n = 31 883), 25 762
patients were filtered (Figure 1) to yield final datasets for
the two cohorts for OFM and collagen/ORC of n = 1150
(n = 807 patients) and n = 1072 (n = 783 patients),
respectively, that met the study inclusion and exclusion

criteria. This represented a total of n = 2222 wounds
from n = 1590 patients. Patient demographics for both
cohorts are presented in Table 2. The gender mix for the
OFM treatment group was not significantly different
(P = 0.137). OFM treated patients were similar in age
(P = 0.725) to the collagen/ORC cohort (61.8 ± 12.9 and
62.0 ± 13.0, respectively). Haemoglobin A1c, estimated
from the reported patient glucose concentrations (mg/dL)
were equivalent between the OFM and collagen/ORC
cohorts (7.2 ± 3.4% and 7.3 ± 3.5%, P = .930).

3.2 | Baseline wound characteristics

Baseline wound characteristics for the two cohorts are
presented in Table 3. Total DFUs (n = 2222) included in
the study and receiving ≥2 WCC applications of either
product and consisted of 1150 DFUs treated with OFM
and 1072 DFUs treated with collagen/ORC. Mean base-
line wound areas for the OFM cohort (2.0 ± 5.5 cm2)
were statistically larger (P = .013) than the collagen/ORC
cohort (1.5 ± 3.8 cm2), but wounds in both cohorts were
of comparable age (15.8 ± 41.7 and 14.5 ± 41.3 weeks,
respectively) (P = .471). There was no difference in the
number of wounds per patient between OFM and colla-
gen/ORC (1.4 ± 0.9 and 1.4 ± 0.8 wounds per patient,
respectively). Total wounds could be further segmented
based on the number of product applications occurring at
the WCC (Table 3), into sub-groups of ≥4, ≥8 and ≥12
WCC applications. Sub-group analyses were undertaken
in order to assess the relative efficacy of the products for
DFUs that were more challenging to close, hence requir-
ing more visits to the WCC for product application. The

TABLE 2 Patient demographics OFM Collagen/ORC P value Total

Patients, n 807 783 1590

Patients, gender specified, n 805 778 1583

Male, n (%) 580 (72.0%) 534 (68.6%) .137 1114 (70.4%)

Female, n (%) 225 (28.0%) 244 (31.4%) 469 (29.6%

Gender NS, n (%) 2 (0.2%) 5 (0.6%) 7 (0.4%)

Patients, age specified, n 800 708 1508

Mean ± SD (years) 61.8 ± 12.9 62.0 ± 13.0 .725 61.9 ± 12.9

Median (years) 62.0 63.0 62.0

Age NS, n (%) 7 (0.9%) 75 (9.6%) 82 (5.2%)

Patients, glucose specified, n 562 459 1021

A1c, mean ± SD 7.2 ± 3.4% 7.3 ± 3.5% .930 7.3 ± 3.4%

A1c, median 7.0% 6.9% 6.9%

A1c NS, n (%) 245 (30.4%) 324 (41.4%) 569 (35.8%)

Abbreviations: n, sample size; NS, not specified; SD, standard deviation.
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TABLE 3 Baseline wound characteristics

OFM Collagen/ORC P value Total

Baseline wound characteristics (All wounds, ≥2 WCC applications)

Number of wounds (n) 1150 1072 2222

Mean wound area ± SD (cm2) 2.0 ± 5.5 1.5 ± 3.8 .013 1.7 ± 4.7

Median wound area (cm2) 0.6 0.5 0.6

Mean wound age ± SD (weeks) 15.8 ± 41.7 14.5 ± 41.3 .471 15.2 ± 41.5

Median wound age (weeks) 3.9 4.4 4.1

Mean wounds per patient ±SD 1.4 ± 0.9 1.4 ± 0.8 .077 1.4 ± 0.9

Median wounds per patient 1.0 1.0 1.0

Wounds by location (All wounds, ≥2 WCC applications)

Forefoot (%) 505 (43.9%) 535 (49.9%) 1040 (46.8%)

Rear foot (%) 163 (14.2%) 125 (11.7%) 288 (13.0%)

Foot (%) 482 (41.9%) 412 (38.4%) 894 (40.2%)

Wounds by WCC visit number sub-group analysis

All wounds (≥2 WCC applications) 1150 1072 2222

≥4 WCC applications 494 475 969

≥8 WCC applications 244 197 441

≥12 WCC applications 155 110 265

Abbreviations: n, sample size; SD, standard deviation.

FIGURE 2 Kaplan-Meir survival curves of OFM and collagen/ORC treated wounds (HR = 1.18 [95% CI: 1.06, 1.30], P = .002)
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smallest sample size for the sub-group analyses were
DFUs that received ≥12 WCC product applications with
n = 155 and n = 110 DFUs for the OFM and collagen/
ORC cohorts, respectively. Comparing the location of the
wounds showed a similar distribution between
the cohorts, with the majority of DFUs being reported in
the forefoot and foot locations.

3.3 | Median healing time

Kaplan-Meir survival curves were generated based on the
time to close for wounds in each treatment cohort
(Figure 2). Median time to heal was determined based on
the Kaplan-Meier method for all wounds receiving ≥2
WCC product applications, and separately sub-group
analyses for wounds receiving ≥4, ≥8 or ≥12 WCC appli-
cations of either product. Median time to close for all
wounds (≥2 WCC product applications) in the OFM
cohort were significantly shorter (P = .0015) than
wounds receiving collagen/ORC, 14.6 ± 0.5 weeks and
16.4 ± 0.7 weeks, respectively (Table 4, Figure 3). This
represented a difference in median time to close of
1.9 weeks, or a 11.3% reduction relative to collagen/ORC
(Table 4). As expected, as the number of WCC visits and

product applications increased, the median time to clo-
sure increased for both cohorts as wounds required more
weeks of intervention to heal. Additionally, as the num-
ber of WCC visits and product applications increased the
difference in median time to close between the two
cohorts increased. For example, the sub-group that
received ≥8 WCC applications of OFM healed 5.6 weeks
faster than the collagen/ORC sub-group (20.4
± 1.3 weeks vs 26.0 ± 2.1, P = .0118). For the more chal-
lenging wounds captured in the sub-groups receiving ≥8
or ≥12 WCC applications, the median time to close for
OFM treated DFUs was reduced by ~20% relative to colla-
gen/ORC.

3.4 | Percentage of wounds closed

The percentage of wounds closed was estimated using
the Kaplan-Meir method (Figure 2). The percentage of
wounds closed were increased in the OFM cohort at 12-,
24-, and 36-weeks (Figure 4 and Table 4), and these dif-
ferences were significant at 36 weeks. For example,
where wounds received ≥12 WCC applications, 72.5% of
OFM treated wounds were closed at 36 weeks versus
57.2% of the collagen/ORC wounds (P = .0191).

TABLE 4 Median time to close and percentage of wounds closed

OFM Collagen/ORC Difference P value Overall

Median time to close (weeks ± standard error)

All wounds (≥2 WCC Applications) 14.6 ± 0.5 16.4 ± 0.7 1.9 (11.3%) .0015 15.3 ± 0.4

≥4 WCC applications 18.1 ± 0.9 21.0 ± 1.8 2.9 (13.6%) .0040 19.9 ± 0.9

≥8 WCC applications 20.4 ± 1.3 26.0 ± 2.1 5.6 (21.4%) .0118 23.0 ± 1.3

≥12 WCC applications 22.0 ± 2.1 27.3 ± 4.2 5.3 (19.4%) .0355 24.0 ± 2.0

Percentage of wounds closed, 12 weeks [95% CI]

All wounds (≥2 WCC applications) 40.6%[37.7%, 43.6%] 37.6%[34.6%, 40.7%] .1695

≥4 WCC applications 27.5%[23.4%, 31.6%] 26.0%[21.9%, 30.1%] .6093

≥8 WCC applications 22.4%[17.1%, 27.8%] 23.5%[17.5%, 29.5%] .8011

≥12 WCC applications 23.8%[17.0%, 30.6%] 20.5%[12.9%, 28.2%] .5272

Percentage of wounds closed, 24 weeks [95% CI]

All wounds (≥2 WCC applications) 68.0%[64.9%, 71.0%] 63.6%[60.3%, 66.9%] .0571

≥4 WCC applications 59.3%[54.5%, 64.0%] 52.5%[47.6%, 57.3%] .0500

≥8 WCC applications 55.4%[48.7%, 62.1%] 45.3%[38.0%, 52.6%] .0468

≥12 WCC applications 53.1%[44.8%, 61.4%] 42.4%[32.8%, 51.9%] .0961

Percentage of wounds closed, 36 weeks [95% CI]

All wounds (≥2 WCC applications) 82.5%[79.8%, 85.2%] 76.2%[73.1%, 79.4%] .0033

≥4 WCC applications 76.9%[72.5%, 81.3%] 67.3%[62.4%, 72.2%] .0046

≥8 WCC applications 73.6%[67.3%, 80.0%] 60.8%[53.2%, 68.4%] .0113

≥12 WCC applications 72.5%[64.7%, 80.3%] 57.2%[47.0%, 67.3%] .0191
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FIGURE 3 Median time to

wound closure. Error bars

represent upper and lower 95%

confidence intervals. ns, not

significant; *P < .05;

**P < .01; ***P < .001

FIGURE 4 Percentage of wounds closed. Error bars represent upper and lower 95% confidence intervals. ns, not significant; *P < .05;

**P < .01; ***P < .001
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3.5 | Cox proportional hazard (CPH)
analysis

The time to wound closure were further analysed using
CPH regression to compare treatment groups and to
identify differences as the number of WCC visits and
product applications increased. Without adjustment,
the OFM cohort had a 18% greater probability of
wound closure compared with the collagen/ORC

cohort (P = 0.001) (Figure 5 and Table 5). When the
adjusted CPH model incorporated age, gender, initial
wound size and wound age the adjusted hazards ratios
represented a 21% greater probability of wound closure
for the OFM cohort (P = .001). When sub-divided by
number of WCC applications the OFM treatment sig-
nificantly increased the probability of wound closure
by up to 36% and 38% in the unadjusted and adjusted
models (Figure 5 and Table 5).

FIGURE 5 Forest plot of

Hazards ratios (HR) from

unadjusted and adjusted CPH

analysis. Error bars represent

that upper and lower 95% CI.

Dotted line represents HR = 1.0

TABLE 6 Product applications OFM Collagen/ORC P value Overall

All wounds (≥2 WCC applications)

Mean ± SD 6.8 ± 16.3 5.5 ± 8.6 .257 6.2 ± 13.1

Median 3.0 3.0 3.0

≥4 WCC applications

Mean ± SD 13.4 ± 23.2 10.1 ± 11.3 .019 11.8 ± 18.4

Median 7.0 6.0 7.0

≥8 WCC applications

Mean ± SD 22.0 ± 30.8 17.2 ± 14.8 .059 19.9 ± 25.0

Median 14.0 12.0 13.0

≥12 WCC applications

Mean ± SD 29.5 ± 36.6 23.4 ± 17.5 .073 30.3 ± 19.0

Median 20.0 17.5 19.0

TABLE 5 CPH regression analysis

Unadjusted P value Adjusted P value

All wounds (≥2 WCC applications) 1.18[1.06, 1.30] .001 1.21[1.09, 1.34] .0004

≥4 WCC applications 1.25[1.07, 1.45] .004 1.30 [1.11, 1.52] .001

≥8 WCC applications 1.34[1.07, 1.67] .012 1.36[1.07, 1.72] .012

≥12 WCC applications 1.36[1.02, 1.82] .036 1.38[1.01, 1.88] .045

Note: Hazard ratios [95% CI].
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3.6 | Number of product applications

The mean number of WCC reported product applications for
all wounds (≥2 WCC applications) were 6.8 ± 16.3 and 5.5
± 8.6 applications for OFM and collagen/ORC cohorts,
respectively (Table 6). The number of product applications
was further analysed based on the sub-groups ≥4, ≥8, and
≥12 WCC applications. There were no significant differences
between the cohorts with respect to the mean product appli-
cations, except for the sub-group receiving ≥4 WCC applica-
tions, where the mean number of OFM applications (13.4
± 23.2 applications) was higher than the collagen/ORC sub-
group (10.1 ± 11.3 applications) (P = .019).

4 | DISCUSSION

In this retrospective RWD study, 2222 DFUs were sou-
rced from 223 facilities and 1508 patients (Figure 1). The
primary study outcome was median time to wound clo-
sure; DFUs treated with OFM closed significantly faster
(14.6 ± 0.5 weeks) compared with the collagen/ORC
cohort (16.4 ± 0.7 weeks), a difference of 1.9 weeks. As
the number of WCC product applications increased the
difference between the median time to closure increased.
For example, the median time to closure of the OFM sub-
group receiving ≥8 WCC applications was 5.6 weeks
shorter than the collagen/ORC sub-group (Table 4). OFM
treated DFUs had a higher percentage of wound closure
at 12-, 24- and 36-weeks (Table 4), that was statistically
significant at 36-weeks, and an increased the probability
of healing by up to 38% (Table 5). A previous published
RCT comparing the efficacy of collagen/ORC to SOC in
the treatment of DFUs reported a 12-week incidence of
healing of 37.0%, consistent with our findings (37.6%,
Table 4).20 It is interesting to also compare these findings
to the large retrospective analysis of RWD taken from the
US Wound Registry that determined the percentage of
DFUs closed at 12 weeks using SOC alone was ~30%.10

The data captured by the EMR reflect only those visits
to the outpatient WCC, and as such, wound parameters
(e.g., area) and associated treatments at interim dressing
changes outside the WCC (e.g., home health) are not
reflected. While this limitation does not necessarily
impact the overall reporting of the healing outcomes
(e.g., median time to close, percentage of wounds closed),
product applications are only reported for the WCC visits.
This is especially important when considering the num-
ber of product applications. Across all DFUs, the mean
number of product applications for OFM and collagen/
ORC were 6.8 ± 16.3 and 5.5 ± 8.6, respectively, with a
median of 3.0 product applications for both cohorts
(Table 6). However, this underestimates the actual

product usage for the collagen/ORC group. Collagen/
ORC becomes a gel in the wound bed, and as such must
be re-applied every 2 days, or daily in the case of moder-
ately exudating wounds.21 Thus, actual clinical usage of
collagen/ORC are likely to be up to seven times greater
than the application rates reported in Table 6. In compari-
son, OFM remains in the wound bed for up to 7 days
depending on the chronicity of the wound and associated
concentrations of wound proteases. Several studies have
described tailoring the re-application of OFM to match
wound chronicity, typically starting treatment with twice
weekly re-application for the first 2 to 4 weeks, then reduc-
ing the re-application frequency to weekly as wound chro-
nicity is corrected.22,23 As WCC visits typically occur
weekly, the OFM application rates presented in Table 6 are
expected to approximate actual clinical usage.

There is a growing body of evidence to support the
use of OFM in healing a variety of wound types.22-28

However, to the authors' knowledge there has not been a
large, retrospective RWD study of OFM making compari-
sons to a reconstituted collagen product. In this instance
we selected collagen/ORC for the comparison given the
products long-established use in wound care. A related
study used RWD to compare the efficacy of OFM to colla-
gen/ORC/silver.29 However, it is difficult to compare
findings from this study with our own, as most notably,
the study compared OFM to a silver-based antimicrobial
collagen dressing. The antimicrobial properties of silver
are well known in wound care and, further, the detri-
mental impact of bacterial contamination and biofilm on
wound healing is well understood.30-32 As such, it is diffi-
cult to draw any conclusions from a study comparing two
products with different mechanisms of action. Addition-
ally, the study did not assess changes in wound area or
wound closure, but instead utilised non-traditional out-
come measures.29

The argument that all collagen-based devices are not
the same has been well documented and highlights dif-
ferences between the semi-synthetic reconstituted colla-
gen type products and dECM bioscaffolds.33-35 While
both OFM and collagen/ORC are readily accessible for
modern wound care, there are significant differences in
composition. OFM contains over 150 different proteins
that naturally occur in tissue ECM, including a variety of
growth factors,16 while collagen/ORC comprises only
oxidised regenerated cellulose (ORC) and 55% type I
bovine reconstituted collagen.36 These compositional dif-
ferences have been demonstrated to result in measurable
differential performance outcomes. Comparative in vitro
testing of OFM has demonstrated greater cellular
bioactivity,18 more potent inhibition of relevant wound
proteases19 and greater retention of native matrix
structure,37 relative to collagen/ORC.
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As a dECM, OFM represents a newer class of
advanced wound care technology that have otherwise
had limited clinical adoption because of financial bar-
riers. The main feature of these tissue derived products,
also termed CTPs, is the preservation and inclusion of
secondary ECM proteins, particularly growth factors and
additional signalling molecules that aid and promote
healing. As the only dECM technology that is widely
available for the day-to-day management of acute and
chronic wounds, OFM represents a step change in the
accessibility of these types of technologies to a wider
patient population. For example, OFM and collagen/
ORC are similarly priced at $USD 8-12/unit, while alter-
nate dECM products, available as CTPs command prices
of up to $1000 to $2000/unit. Where CTPs have tradition-
ally only been used in wounds that have failed to respond
after 4 to 8 weeks of SOC treatment, OFM can be initi-
ated much earlier in the continuum and integrated into
SOC. An additional benefit of being an “A-code” surgical
dressing is the ability for OFM to be prescribed for US
patients through a Durable Medical Equipment (DME).
Globally, given the ease of application, the product can
be applied by patients, caregivers, or home health care
providers. The “proactive and early, aggressive”'
utilisation of OFM, along with optimal wound bed prepa-
ration and secondary treatment modalities to disrupt the
pathophysiology of chronic wounds was first proposed by
Bohn et al38 as a protocol to improve wound closure
rates. In the pragmatic design of this study, we have been
deliberate in not defining inclusion/exclusion criteria to
preclude DFU managed with additional advanced wound
therapies, for example, hyperbaric oxygen therapy, nega-
tive pressure wound therapy, and CTPs. This approach
was taken so as to not imply that OFM could replace any
of these advanced therapies, but rather serves as a syner-
gistic adjunctive therapeutic option in the armament of
wound care professionals. For example, Ferreras et al
demonstrated that while upfront management with OFM
to correct wound chronicity reduced CTP usage, impor-
tantly, this approach also improved overall healing out-
comes when CTPs were utilised later in the continuum.28

Our findings demonstrate that OFM can reduce the
time of DFU closure by up to ~20% relative to collagen/
ORC. This outcome has significant implications for
patient QoL, but it is also valuable to consider the finan-
cial implications for other key stakeholders across the
continuum of care. For patients, this represents a direct
savings of up to ~20% incurred for any out-of-pocket
expenses relating to their treatment including insurance
co-payments, loss of income because of time off work or
additional treatment related costs (e.g., transportation
expenses).39 One consistent finding from the literature is
that the main contributor to the overall cost to wound

closure is professional time related to dressing changes,
while material costs (e.g. primary and secondary dress-
ings, saline, offloading pads) comprise ~10% of total
cost.5,40,41 Thus, a significant reduction in the median
time to wound closure could have direct positive impacts
for payors, private insurers, and/or government agencies
by reducing the total cost to wound closure. It is also
important to consider those sites of care (e.g., Home
Health Agencies) that receive a bundled payment for
each episode of care. In these instances, reducing the
time to wound closure by ~20%, or increasing the proba-
bility of closure by up to 38%, improves the likelihood
that expenses incurred during wound treatment will not
exceed the payment cap. In an era of increasing pressure
on healthcare systems to remain financially viable, reduc-
ing the time to wound closure improves efficiency and
productivity by increasing the number of new patient
encounters, while maintaining resource allocation near
neutral. New patient encounters have a positive impact
on the financial health of a facility by enabling down-
stream revenue associated with new consultations. For
example, new consultations undergo initial evaluation
and management (E/M), wound debridement as well as
advanced interventions, for instance diagnostic and inter-
ventional arterial and venous procedures or HOBT.

4.1 | Limitations

By undertaking a large retrospective RWD study, we have
been able to compare the relative efficacy of OFM and
collagen/ORC across a significantly large number of
wounds representing a complex patient demographic
using previously defined recommendations.42,43 As with
other RWD studies, a limitation is that EMR databases
are not typically developed for retrospective research pur-
poses so there is inherent variability in the day-to-day
documentation practices. Uniform data reporting is not
typically monitored leading to the potential for inconsis-
tent or “Missing Completely at Random” (MCAR) data.
In this study, MCAR data would include fasting glucose
readings, plantar or dorsal wound location, use of total
contact casts (TCCs), adjunctive vascular intervention,
and patient demographics (e.g., age, gender). One
approach to potentially control for MCAR and other
RWD reporting variability is to use matched-cohorts
whereby treatment groups are carefully selected to iden-
tify two statistically equivalent cohorts. In this current
study we instead used a pragmatic approach to derive
two cohorts that were essentially equivalent based on
demographics and baseline wound characteristics. Rather
than using matched cohorts, adjusted CPH analysis using
key variables (e.g., wound age, wound size) were used to
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offset any differences between the two cohorts. RWD
analysis also assumes that each patient had a proper diag-
nostic workup and any intervention to optimise healing.
This limitation though is assumed to be controlled for as
there are multiple guidelines on the recommendations
for revascularization requirements, offloading, treatment
of infections, metabolic control, and local ulcer care.44,45

5 | CONCLUDING REMARKS

This retrospective RWD analysis demonstrates that the use
of OFM reduced the median time to closure, increased the
percentage of wounds closed, and increased the probability
of closure relative to wounds managed with collagen/ORC.
Differences between OFM and collagen/ORC were most
apparent for wounds that required a greater number of
WCC visits. This RWD study further substantiates the grow-
ing body of evidence to support the use of OFM as a first-
line intervention to improve wound closure rates.
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