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Abstract

Complex diabetic foot ulcers (DFUs) with exposed tendon or bone remain a chal-
lenge. They are more susceptible to complications such as infection and amputation and
require treatments that promote rapid development of granulation tissue and, ultimately,
reepithelialisation. The clinical effectiveness of viable cryopreserved human placental
membrane (vCHPM) for DFUs has been established in a level 1 trial. However, complex
wounds with exposed deeper structures are typically excluded from randomised con-
trolled clinical trials despite being common in clinical practice. We report the results
of a prospective, multicentre, open-label, single-arm clinical trial to establish clinical
outcomes when vCHPM is applied weekly to complex DFUs with exposed deep struc-
tures. Patients with type 1 or type 2 diabetes and a complex DFU extending through
the dermis with evidence of exposed muscle, tendon, fascia, bone and/or joint capsule
were eligible for inclusion. Of the 31 patients enrolled, 27 completed the study. The
mean wound area was 14⋅6 cm2, and mean duration was 7⋅5 months. For patients com-
pleting the protocol, the primary endpoint, 100% wound granulation by week 16, was
met by 96⋅3% of patients in a mean of 6⋅8 weeks. Complete wound closure occurred
in 59⋅3% (mean 9⋅1 weeks). The 4-week percent area reduction was 54⋅3%. There
were no product-related adverse events. Four patients (13%) withdrew, two (6⋅5%) for
non-compliance and two (6⋅5%) for surgical intervention.

Introduction

In 2014, the Center for Disease Control (CDC) reported that
there were 29⋅1 million people in the USA with diabetes, over
9% of the country’s population (1). This epidemic is only
expected to worsen as based on fasting glucose and HgbA1c
levels observed between 2009 and 2012, an estimated 86
million Americans 20 years and older are expected to develop
diabetes later in life, showing indications of pre-diabetes
(1). A common condition and complication of patients with
diabetes mellitus (DM) is the development of chronic lower
extremity ulcers, with the diabetic foot ulcer (DFU) being the

Key Messages
• the outcomes of this prospective study establish the

role of viable cryopreserved human placental membrane
(vCHPM) in the management of complex diabetic foot
ulcers (DFUs) with exposed deep structures and demon-
strate the effectiveness of this tissue allograft in formation
of good quality granulation tissue in difficult wounds that
are typically excluded from clinical research
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most prevalent (2,3). An estimated 15–25% with DM will
develop a DFU in their lifetime, and because of diabetes-related
symptoms of venous insufficiency, peripheral arterial disease
(PAD), elevated and prolonged foot pressure and peripheral
neuropathy, these patients often have trouble healing the ulcers
once they occur (4–6). Despite advances in the physiological
and pathophysiological understanding of the wound-healing
process, the effective treatment of DFUs frequently remains a
therapeutic challenge for wound care professionals.

A chronic ulcer will often develop severe complications such
as infection, which can lead to hospitalisation or amputation
because of significant tissue destruction and loss of normal
foot function. In 2010, an estimated 73 000 non-traumatic lower
extremity amputations were performed in patients 20 years and
older with diagnosed diabetes (1). Amputations can result in
not only physical disabilities and a high risk of re-amputation
but also psychiatric problems, a reduced quality of life and
mortality (1,4,5). The 1-year post lower extremity amputation
mortality rate has been reported between 10% and 50%, and
the 5-year post amputation mortality rate has been reported as
high as 30–80% (7). In addition to patient-related costs, the
treatment of chronic DFUs contribute significant costs to the
health-care system. Economic studies show that treatment of
DFUs make up 25–50% of the total cost of inpatient diabetes
care in the USA (8). Current estimates of the overall costs of
diabetes in the USA approximates $245 billion according to the
American Diabetes Association (9), and in 2007, Driver et al.
reported that the treatment of diabetes and its complications
amounted to $116 billion in direct costs in the USA, of which
at least 33% was linked to the care of DFUs (10). An economic
analysis in 2014 estimated that the incremental payer burden
for treatment of DFUs was between $9 and $13 billion annually,
not including the additional costs associated with diabetes itself
(11). For Medicare patients, expenditures for patients with
lower-extremity ulcers are reportedly on average three times
higher than those for Medicare patients in general, and most of
the ulcer-related costs (73⋅7%) were found to be accrued while
the patient was hospitalised (12). Diabetes has been shown
to increase the incidence of foot ulcer hospital admissions by
11-fold, accounting for more than 80% of all amputations and
increasing hospital costs more than 10-fold (13). Thus, one
of the most important goals of wound care, for the benefit of
the patient and to minimise the cost burden on our health-care
system, is to reduce the need for amputation and hospitalisation
and provide treatment that leads to a fast and durable wound
closure.

Complex ulcers, defined as ulcers with exposed tendon, mus-
cle, fascia, joint or bone, present an even greater therapeutic
challenge to wound care professionals. Such wounds are often
subsequent to deep debridement or drainage of severe infec-
tions, and these can often occur in persons with varying degrees
of ischaemia or renal insufficiency. Among patients with DM,
complex ulcers are one of the most common precursors to lower
extremity amputations and are reportedly 11 times more likely
to result in mid-foot or higher level amputation than a fully
granulated ulcer (4,8). Because of their severity, rapid closure
is crucial if amputation is to be avoided. Prolonged exposure of
deep tissue, tendon, joint and bone can result in permanently
impaired function and integrity of these tissues. This can limit

the extent of recovery and have long-term negative effects on a
patient’s mobility. In addition, complex wounds have a greater
risk of infection than fully granulated ulcers. A high correla-
tion exists between probing-to-bone wounds and osteomyelitis
as well as bone necrosis, sepsis, desiccation of tendons and
chronic osteitis, especially in immunocompromised patients
such as those with diabetes (14–16). Comorbid conditions of
diabetes such as obesity, venous insufficiency and rheuma-
toid arthritis can also interfere with a proper wound-healing
response (17).

In recent years, a number of advanced wound care prod-
ucts have become available for the management of recal-
citrant chronic DFUs and venous leg ulcers (2,5). These
include negative pressure wound therapy (NPWT), growth fac-
tors (i.e. becaplermin gel), acellular matrix products including
human and bovine dermis, porcine small intestinal submucosa,
porcine bladder, equine pericardium and many different pla-
cental (amniotic/chorionic) tissue allografts. Products contain-
ing viable cells include bioengineered dermal or living skin
equivalents with living neonatal fibroblasts or a combination
of neonatal fibroblasts and epidermal cells (5). Also included
in this category is a unique viable cryopreserved human pla-
cental membrane (vCHPM), in which all components native to
tissue remain intact. These components are a structural matrix,
a native cocktail of growth factors and endogenous viable cells
including mesenchymal stem cells (MSCs) (18). A recent ran-
domised controlled trial for chronic DFUs demonstrated that
when used in addition to standard wound care with effec-
tive offloading, this viable cryopreserved placental membrane
resulted in a higher rate of complete closure than standard of
care alone (62% versus 21%, P= 0⋅0001) (6).

While there are decades of published literature about treat-
ment options and clinical outcomes of chronic DFUs, there is a
considerable lack of published data on the clinical outcomes of
chronic DFUs with exposed tendon and/or bone. In fact, these
are the very patients who are normally excluded from current
DFU trials and yet might benefit the most from advanced wound
care modalities. In light of our anecdotal clinical experiences
using vCHPM to manage and close such complex wounds, we
endeavoured to formally investigate this membrane’s ability
to promote closure in chronic complex diabetic foot wounds
with exposed bone and tendon. We herein present the results of
our prospective open-label trial using vCHPM (GrafixCORE

®,
Osiris Therapeutics, Inc, Columbia, MD, USA) for the man-
agement of complex diabetic foot wounds.

Methods

Patients

Institutional review board (IRB) approval was obtained at each
of the four participating sites for this multicentre, open-label,
single-arm study. All patients provided informed consent
prior to any study procedures being performed. Between
December 2014 and February 2016, a total of 31 patients
were prospectively treated with weekly applications of a
cryopreserved human placental membrane graft. Patients
diagnosed with type 1 or type 2 diabetes between 18 and
85 years of age with a complex diabetic foot wound ≤15 cm
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in its longest diameter that extended through the dermis and
into the subcutaneous tissue with evidence of exposed muscle,
tendon, fascia, bone and/or joint capsule were eligible for
this study. Vascular parameters for inclusion allowed patients
with an ankle-brachial index (ABI) ≥0⋅5 and ≤1⋅2 or toe
systolic pressure ≥40 mmHg or TcPO2 >30 mmHg or skin
perfusion pressure of >30 mmHg. Patients with chronic renal
insufficiency, including those with end-stage renal disease
(ESRD) on haemodialysis, were also eligible for enrolment.
Twenty-eight men and three women, with a mean age of
63⋅5 years (intent to treat population, ITT) and an average
wound size of 14⋅6 cm2 (ITT), were enrolled and treated.
The patient group had significant comorbidities, with over
80% having hypertension, more than 60% being current or
former smokers, 55% having heart disease and 45% having
had a previous partial foot amputation. Three of these patients
had ESRD and were on haemodialysis during the course of
the study.

Study design and treatment

The present study was a multicentre, open-label, single-arm
trial of up to 17 weeks duration to evaluate the clinical out-
comes of vCHPM, acting as a barrier to aid in the nat-
ural wound repair of complex diabetic foot wounds. The
primary endpoint of this study was 100% granulation of
the index wound by 16 weeks after the initial application of
vCHPM, defined as complete coverage of the exposed ten-
don and/or bone with collagen-rich connective tissue, as deter-
mined by the site Investigator. Secondary endpoints included
time to 100% granulation of index wound, number of appli-
cations of vCHPM, percent wound area reduction as deter-
mined by the Investigator and complete wound closure by
16 weeks. Wound closure was defined as 100% reepithelial-
isation, as determined by the Investigator. Reported safety
endpoints included number of adverse events and number of
hospitalisations.

Patients enrolled in this study received an application of
vCHPM weekly for up to 16 weeks. Patients returned for
weekly treatments until 100% granulation and wound clo-
sure were achieved or until the end of treatment visit, which
could occur up to week 16 after the first application of
vCHPM. Patients who achieved 100% granulation continued
to receive weekly vCHPM applications until complete wound
closure occurred, up to a maximum of 16 applications. All
final outcome assessments were determined by week 16 or
earlier.

Standard wound care procedures, including wound cleans-
ing and debridement, were performed prior to the application
of vCHPM each week. All patients then had standardised pro-
tective, absorptive foam dressings applied that were intended
to maintain a moist environment and remained intact until the
following weekly visit. All patients were also required to wear
standardised fixed ankle walker off-loading devices between
visits for plantar wounds. Those persons with wounds on the
dorsum of the foot were permitted to use a standard surgi-
cal postoperative shoe to accommodate the dressing and avoid
excessive pressure on the wound. Outcome and safety assess-
ments were performed at each weekly visit.

Table 1 Demographics of the enrolled study population

Age (mean) 63⋅5 years
Male Gender 90⋅3%
BMI (mean) 30⋅0
Wound duration prior to study (mean) 7⋅5 months
Wound area at baseline (mean) 14⋅6 cm2

Type I DM 12⋅9%
Smoking (current/former) 61⋅3%
Hypertension 83⋅9%
Heart disease 54⋅8%
Prior amputations 45⋅2%
Plantar wound 32⋅3%
Prior advanced wound therapy recorded 67⋅7%

Data analysis

All data were entered into a third-party electronic data capture
programme and were source document-verified for accuracy
and completion. All data were verified and signed by the
Principal Investigators at each site prior to database lock and
data analysis. Descriptive statistics was used for analysis.

Results

Patient demographics and baseline characteristics are presented
in Table 1. During screening, 42 patients were evaluated. There
were nine patients who failed screening because of active
infection, hospitalisation, additional wounds in close proximity
to the study index wound, active cancer, an immunosuppres-
sive medication and non-compliance. Thirty-one patients were
subsequently enrolled, all of whom received weekly vCHPM
applications in conjunction with standard wound care treat-
ment. Among these 31 patients in the ITT population, there
were 10 plantar foot wounds and 21 non-plantar foot wounds.
Sixty-seven (67⋅7%) percent of patients entering the study had
received one or more prior advanced treatment for their index
wound. Four patients terminated early from the study, and two
of these were lost to follow-up. Two patients terminated their
participation early because of lingering infection that subse-
quently necessitated transmetatarsal amputation (TMA). There-
fore, 27 patients completed the entire study protocol and were
available for the final outcome assessment at week 16; these
study subjects constituted the per-protocol (PP) population. As
the four early terminations occurred prior to week 16, we can
only report ITT outcomes when data was valid at that time
point.

The clinical outcomes for this study demonstrating the effec-
tiveness of vCHPM in the management of complex diabetic foot
wounds are presented in Table 2 and Figure 1. By 16 weeks
post first application of vCHPM, 96⋅3% (83⋅9% Intent To Treat,
ITT) of PP patients achieved 100% granulation of their index
wound, defined as complete coverage of the exposed tendon
and/or bone with collagen-rich connective tissue as determined
by the Investigator. Patients required an average of only 6⋅8
applications to achieve 100% granulation, and the probability of
achieving 100% granulation at 16 weeks post-initial application
was 96⋅0%, as calculated by Kaplan–Meier regression anal-
ysis (Figure 2). The trial also demonstrated complete wound
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Table 2 Clinical outcomes

Primary endpoint PP (ITT)
100% granulation by 16 weeks 96⋅3% (83⋅9%)

Secondary endpoints PP (ITT)
100% reepithelialisation by 16 weeks 59⋅3% (51⋅6%)
100% granulation – time to achieve 6⋅8 weeks
100% granulation – number of applications
to achieve

6⋅8 applications

Percent area reduction at 16 weeks (mean) 92⋅3%
Safety endpoints ITT

Percentage of patients with one or more
adverse events

61⋅3%

Percentage of patients hospitalised 6⋅5%
Additional clinical outcomes ITT

Kaplan–Meier probability of 100%
granulation at 16 weeks

96⋅0%

Kaplan–Meier probability of 100%
reepithelialisation at 16 weeks

58⋅5%

100% reepithelialisation – time to achieve 9⋅1 weeks
100% reepithelialisation – number of

applications to achieve
9⋅0 applications

closure in 59⋅3% (51⋅6% ITT) of PP patients, with an aver-
age of nine applications to achieve closure and a probability
of complete closure of 58⋅5% at 16 weeks, as calculated by
Kaplan–Meier regression analysis (Figure 3). Mean percent
area reduction (PAR) at Day 28 was 54⋅3% (54⋅6% ITT), and
at 8 weeks, mean PAR was 72⋅8%. By the end of the study, at
16 weeks post-initial application, wound area had been reduced
by an average of 92⋅3%.

As might be anticipated in this population, 59⋅3% of patients
in the study reported at least one adverse event (AE). None of
these AEs were determined to be probably or possibly related
to vCHPM treatment. Of the 31 AEs reported, 38⋅7% (12) had
a System Organ Class classification of infections and infesta-
tions; 19⋅4% (6) were injury, poisoning and procedural com-
plications; 12⋅9% (4) were gastrointestinal disorders; and the
remaining classifications were general disorders and admin-
istration site conditions, metabolism and nutrition disorders,
musculoskeletal and connective tissue disorders, nervous sys-
tem disorders, respiratory, thoracic and mediastinal disorders
and skin and subcutaneous tissue disorders with two or fewer
events each.

Two serious AEs (SAEs) were reported during the course
of the study, including cellulitis not involving the study index
wound and pleural effusion. Both patients were hospitalised as a
result of the AE, and both went on to achieve 100% granulation
and wound closure following resolution of their serious AE. As
the two TMA patients had terminated the study prior to their
hospitalisations for amputation, they were not considered SAEs
for the study population.

Discussion

The data presented in this paper represent the first prospec-
tive study ever completed for vCHPM in the management of
complex chronic DFUs. Because of their severity and frequent
presence of varying degrees of ischaemia or renal insufficiency,
complex wounds are typically excluded from prospective ulcer

studies despite their prevalence in real-life clinical practice. The
lack of published data for this patient population presents a ther-
apeutic challenge for physicians caring for complex chronic
wounds that are often a consequence of the surgical manage-
ment of deep infection, necrosis or osteomyelitis. Partial foot
amputations emergently performed to control sepsis are a com-
mon example of this type of wound (3,19,20). Even in otherwise
‘healthy’ neuropathic patients with adequate perfusion, these
deep and frequently large wounds are difficult to manage in the
absence of adequate soft tissue for coverage. As split-thickness
skin grafts (STSG) cannot be placed directly on bone or ten-
don, the initial development of a healthy granulation wound
bed becomes a critical factor in determining the suitability for
skin grafting. We have found that applications of vCHPM com-
bined with standard of care can result in the rapid development
of granulation tissue in large complex wounds (Figures 4 and
5). In 16 of our cases, it also promoted complete wound clo-
sure within 16 weeks without the need for further amputation
or surgical intervention (Figures 6 and 7).

In a retrospective analysis of 360 diabetic patients with
chronic ulcers, Armstrong et al. found a direct relationship
between increased grade and stage depth of ulcers and deterio-
ration of clinical outcomes (19). In patients with deep, exposed,
infected and/or ischaemic ulcers, there is a significant over-
all trend towards the increased prevalence of amputation (19).
Exposure of deep tissues in an ulcer has also been shown to be
directly correlated with osteomyelitis and progressive necrosis,
especially in patients with ischaemia (14,20–23).

The ideal treatment of chronic DFUs with exposed tendon
and/or bone would restart the natural healing process and pro-
mote rapid development of granulation tissue to avoid fur-
ther complications and, ultimately, avoid amputation. Surgical
debridement and moist wound care therapies in DFUs, such as
saline-moistened gauze, silver-impregnated dressings and col-
lagen dressings, remain the standard of care in wound manage-
ment today. Historically, however, these first-line therapies have
demonstrated wound closure rates as low as 25% in 12 weeks
(24,25). For wounds that do not respond to standard of care,
wound care professionals have turned to advanced care prod-
ucts.

Placental membranes, for example, have been used in the
treatment of wounds for over 100 years, reportedly from as
early as 1910 (26). As a natural tissue source, fresh pla-
cental membranes have low immunogenicity and exhibit bio-
logical properties such as anti-inflammation, antimicrobial,
anti-fibrosis and anti-scarring, all of which are important prop-
erties for tissue regeneration (26,27). Placental membranes con-
tain a variety of extracellular matrix (ECM) proteins, growth
factors and tissue-viable cells, including MSCs. In addition to
serving as a barrier and creating a moist environment, placental
membranes support host cell adhesion, which is essential for
their proliferation and differentiation throughout the new tissue
regenerative process (26,28). Advances in placental membrane
cryopreservation techniques allow the grafts to be stored frozen
for up to two years while still retaining all components includ-
ing viable cells in their native state after thawing (29–31).

Cryopreserved human placental membranes have been
widely used successfully in wound care, and the properties
of cryopreserved grafts have been previously described in
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Figure 1 Incidence of granulation and clo-
sure versus time, per protocol and intent to
treat populations.

Figure 2 Cumulative probability of 100%
granulation versus time: 96⋅0% at 16
weeks.

the literature (26,28–31). In 2013, Regulski et al. reported
positive outcomes in a retrospective analysis of vCHPM in the
management of a variety of chronic ulcers. They demonstrated
wound closure by 12 weeks in 76⋅1% of patients, many of
whom had previously failed alternate advanced wound care
modalities (32). In 2014, Lavery et al. reported that the pro-
portion of patients with chronic DFUs who achieved complete
wound closure by 12 weeks was significantly higher in patients
who received weekly applications of vCHPM compared with
standard of care (62 versus 21%, P= 0⋅0001) (6). This differ-
ence amounted to a 191% margin of effect of the vCHPM study
group as compared to the standard of care group, the largest
effect size of any advanced product multicentre controlled
randomised trial published to date.

Because of the known properties of vCHPMs and the pub-
lished success of their use in the treatment of chronic DFUs, it
was hypothesised that vCHPM could be a valuable tool in the
management of chronic DFUs with exposed tendon and bone,
despite the wound severity and comorbidities of this patient

group. VCHPM maintains the structural and cellular integrity
of fresh placental membrane and contains its natural compo-
nents, including an ECM, growth factors and viable stromal
cells such as fibroblasts and MSCs (28). VCHPM is easy to
apply, has a 2-year frozen shelf life and, most importantly, has
a strong safety profile (6,32).

Alternative management regimens for complex chronic
DFUs include standard of care debridement, moist dressings
and off-loading; NPWT; advanced therapies; surgery; and, as a
last resort, amputation (2,5).

NPWT, first cited in literature in 1993 for wound therapy,
involves the application of sub-atmospheric suction pressure to
the wound site, either continuously or intermittently, to pro-
mote local blood flow, decrease bacterial contamination and
promote the formation of granulation tissue (5,33–37). In a
prospective evaluation of the use of NPWT on mostly traumatic
complex wounds with exposed tendon or bone, DeFranzo et al.
reported that the therapy resulted in reduced oedema, decreased
surface area of the wound and fully granulated wound beds.
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Figure 3 Cumulative probability of com-
plete wound closure versus time: 58⋅5%
at 16 weeks.

Figure 4 Baseline image of a chronic complex wound with an area of
70⋅00 cm2.

Once the wounds were fully granulated, STSG transplantations
were performed to fill the defects, obtaining successful cover-
age without complication in 94⋅7% of patients enrolled (38).
However, drawing definite conclusions from NPWT for the
management of chronic DFUs specifically remains a challenge.
For this indication, questions such as optimal pressure gradi-
ents, effect on bacterial bioburden and effectiveness compared
to alternative treatments still remain unanswered (33). A mul-
ticentre RCT (randomised controlled trial) conducted in 2005
provides evidence in support of NPWT for the management of
chronic open amputation wounds. One hundred and sixty-two
(162) patients were randomised to receive either NPWT, with
dressing changes every 48 hours, or standard of care. Simi-
lar to our results, 56% of patients who received NPWT had
achieved wound closure compared to 39% of control patients
by 16 weeks (39). Nonetheless, advanced modalities such as
NPWT can be cumbersome; dressing changes are required
every 48–72 hours and necessitate the intervention of a skilled
provider.

Figure 5 The patient’s wound at 16 Weeks with a 98⋅9% area reduction
compared to Baseline. Additionally, this wound met the primary endpoint
of 100% granulation after only 5 Weeks.

Although DFUs with exposed tendon or bone are typically
excluded from clinical trials on foot ulcers, there are numer-
ous published results on the use of biological or biophysical
products for the treatment of less severe DFUs (5). Hence,
physicians have increasingly turned to the use of advanced
wound products in the management of chronic DFUs as such
evidence has become available.

In 2003, Marston et al. presented a prospective RCT show-
ing complete wound closure at 12 weeks in 30% of patients
with chronic DFUs treated with a human fibroblast-derived
dermal substitute (Dermagraft®, Organogenesis, Inc., Canton,
MA) compared to 18⋅3% of control patients (40). In 2011, a
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Figure 6 Baseline image of deep left heel ulcer after debridement for
necrotising infection in a type 2 diabetic man with right below-knee
amputation. Plantar fascia is exposed.

Figure 7 The patient’s wound was fully closed at 12 weeks.

non-controlled study showed complete wound closure by 12
weeks in 44% of chronic DFU patients treated with the same
dermal substitute (41).

A bi-layered bioengineered skin substitute (Apligraf®,
Organogenesis, Inc., Canton, MA) has also been evaluated
for the treatment of DFUs. In 2009, Edmonds reported 51⋅5%
wound closure by 12 weeks in patients who had received
the bioengineered skin substitute plus standard of care com-
pared with 26⋅3% wound closure in patients who received
standard of care alone (42). A prospective comparative study
of 28 patients with chronic DFUs showed that 41⋅3% of
wounds treated with the same bioengineered skin substitute
achieved wound closure at 12 weeks compared with 66⋅7%
of wounds treated with a cryopreserved split-thickness skin

allograft (TheraSkin®, Soluble Systems, Newport News, VA,
USA) (43).

In 2013, Zelen et al. presented a prospective, parallel group
RCT in 60 patients with DFUs. Patients were randomised to
receive either applications of a dehydrated human amniotic
membrane allograft (Epifix®, MiMedix Group, Inc, Kenne-
saw, GA, USA), a bioengineered skin substitute (Apligraf)
or standard of care. Ninety-five percent (95%) of patients
who received dehydrated human amniotic membrane allografts
achieved wound closure by 6 weeks compared to 45% of
patients who received a bioengineered skin substitute and 35%
of patients who received standard of care alone (44).

However, to our knowledge, there are no prospective reports
of the aforementioned advanced wound care products being
used for complex wounds. Moreover, two of them, Dermagraft
and Apligraf, are not indicated for application over exposed
tendon, muscle, joint capsule or bone.

The present study, in contrast, included diabetic patients
with multiple underlying comorbidities whose wounds were
deeper, larger and more complex than in most DFU studies. We
found that weekly applications of vCHPM plus standard of care
resulted in complete wound closure in 59⋅3% of patients, with
an average of only nine applications and a probability of closure
of 58⋅5% at 16 weeks, as calculated by Kaplan–Meier regres-
sion analysis. These wound closure outcomes for vCHPM in the
management of chronic DFUs with exposed tendon and bone
are unique results because of the lack of similar trials for other
treatment modalities in this setting. Nonetheless, our outcomes
are comparable to the data reported for alternative therapies
used for less severe ulcers in healthier diabetic patient popu-
lations. Although our outcomes are assessed at 16 weeks rather
than 12 weeks, they are fairly consistent with data previously
presented by Lavery and Regulski for the use of cryopreserved
human placental membranes in chronic DFUs (6,32). We also
present a 96⋅0% probability of 100% granulation at 16 weeks,
achieved after an average of only 6⋅8 applications. The clinical
outcome of 100% granulation has not been previously prospec-
tively analysed for complex wounds, but the rapid development
of granulation tissue is essential for patients with exposed deep
structures to avoid further complications and, ultimately, avoid
amputation. The incidence of amputation in our enrolled cohort
was 6⋅5%, which is less than the 18⋅3% incidence previously
reported for patients with wounds that probe to bone (19). This
ostensibly indicates that the rapid granulation of the complex
wounds presented in this study may have had a positive effect
on the risk for bone resection or amputation. Even with the lim-
itation of not having a control arm, the high probabilities of
granulation and complete closure by 16 weeks are very posi-
tive outcomes and are more relevant to real-life clinical practice
than previously reported clinical outcomes for DFUs. Patients
presented in this study would not qualify for typical DFU tri-
als because of the complexity of their wounds, but in real life,
wounds of this severity are commonly encountered in clinical
practice. These data support the claim that vCHPM is a safe
and effective treatment modality for both granulating and clos-
ing these difficult wounds. Once a fully granulated wound bed
has been achieved, the clinician then has the option of applying
autologous skin grafts or continuing the placental membrane
treatment until complete closure occurs.
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In chronic diabetic foot wounds with exposed tendon and
bone, rapid granulation and complete closure is essential and
is known to lower the risk of associated complications such as
infections and amputations (45). The avoidance of amputation
not only saves a patient’s quality of life but also minimises the
significant costs to the patient and health system. Although a
controlled trial is the gold standard, the current study presents
encouraging outcomes for severe, under-researched and preva-
lent types of ulcers. These data show that vCHPM is a safe
and effective option for the successful management of complex
wounds with exposed tendon and bone. As vCHPM was not
combined with other advanced modalities (i.e. NPWT) during
the course of treatment in this study, it would be of interest in the
future to investigate the cumulative benefits of vCHPM as part
of a multimodal approach to complex wounds with exposure
of deep structures or bone. However, advanced wound products
must be used in conjunction with evidence-based wound care,
including proper off-loading and correction of limb-threatening
PAD (2,5).

Conclusion

In this study we have shown that weekly applications of cry-
opreserved human placental membrane is a valuable treatment
option for chronic complex wounds even in patients with mod-
erate PAD or renal insufficiency. Ninety-six percent of patients
completing the protocol achieved 100% granulation, while
59% ultimately achieved complete wound closure within 16
weeks of treatment. The findings in this study point to vCHPM
as a viable treatment option for chronic complex wounds in
a real-life setting that shows promising clinical outcomes in
patients who are typically excluded from clinical research stud-
ies because of the severity of their wounds.
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