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

A multi-centre, single-blinded randomised controlled
clinical trial evaluating the effect of resorbable glass fibre
matrix in the treatment of diabetic foot ulcers

David G. Armstrong1 | Dennis P. Orgill2 | Robert D. Galiano3 |

Paul M. Glat4 | Lawrence A. DiDomenico5 | Marissa J. Carter6 |

Charles M. Zelen2

1Department of Surgery Keck School of Medicine, University of Southern California, Los Angeles, California, USA
2Professional Education and Research Institute, Roanoke, Virginia, USA
3Division of Plastic Surgery, Feinberg School of Medicine, Northwestern University, Chicago, Illinois, USA
4Department of Surgery, Drexel University School of Medicine, Philadelphia, Pennsylvania, USA
5Lower Extremity Institute for Research and Therapy, Youngstown, Ohio, USA
6Strategic Solutions, Inc., Bozeman, Montana, USA

Correspondence
Charles M. Zelen, DPM, FACFAS,
FACFAOM, Professional Education and
Research Institute, LLC., 222 Walnut Ave,
Roanoke VA 24016, USA.
Email: cmzelen@periedu.com

Funding information
ETS WoundCare; Rolla Missouri, Grant/
Award Number: 001

Abstract

Diabetic foot ulcers (DFUs) are at risk for detrimental complications even with cur-

rent, standard of care (SOC) treatments. The primary objective of this randomised

controlled trial was to compare a unique resorbable glass microfiber matrix

(Mirragen; Advanced Wound Matrix [BBGFM]; ETS Wound Care, Rolla, Missouri)

compared with a standard of care group (SOC, collagen alginate dressing) at

12 weeks. Both groups received standard diabetic foot care including glucose moni-

toring, weekly debridements when needed and an offloading device. The primary

endpoint was proportion of full-thickness, non-infected, non-ischaemic wounds

healed at 12 weeks, with secondary endpoints including percent area reduction

(PAR) and changes in Semmes-Weinstein monofilament testing. The result illus-

trated in the intent-to-treat analysis at 12 weeks showed that 70% (14/20) of the

BBGFM-treated DFUs healed compared with 25% (5/20) treated with SOC alone

(adjusted P = .006). Mean PAR at 12 weeks was 79% in the BBGFM group com-

pared with 37% in the SOC group (adjusted P= .027). Mean change in neuropathic

score between baseline and up to 12 weeks of treatment was 2.0 in the BBGFM

group compared with �0.6 in the SOC group where positive improvement in

scores are better (adjusted P = .008). The mean number of BBGFM applications

was 6.0. In conclusion, adding BBGFM to SOC significantly improved wound

healing with no adverse events related to treatment compared with SOC alone.
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Key Messages
• diabetic foot infections present challenging wounds for clinicians
• BBGFM significantly increases the proportion of chronic full-thickness,

non-infected, non-ischaemic diabetic foot ulcers healed within 12 weeks
• BBGFM may also reduce the incidence of wound infections and improve

neurosensation in about 40% of cases

1 | INTRODUCTION

Diabetic foot ulcers (DFUs) represent one of the many
complications of long-standing diabetes.1 Not only are
these wounds expensive to treat, with a recent systematic
review showing that the mean cost was over $31 000 in
2015,2,3 but complications, especially infection, can
require prolonged antibiotic administration, deep and
extensive debridement, and lower extremity amputations
when these measures fail. Even relatively shallow
(UT1A, Wagner 1) DFUs that do not respond to standard
of care (SOC) are at risk for amputation of the affected
area.2-5 This risk increases for patients who have had
prior DFUs or amputations. Any product, therefore, that
can prevent infection or disrupt biofilm while promoting
wound healing in a moist environment is worthy of fur-
ther investigation.

Bioactive glass materials are biocompatible water-
soluble materials that release their constituent ions when
immersed in body fluids. Although the main focus of
these products has been the development of a scaffold
material for bone tissue engineering, researchers have

been fascinated with their potential to heal wounds
through improving angiogenesis,6 increasing metabolic
activity and cell proliferation,7 and serving as antimicro-
bial agents.8,9 All these processes are essential compo-
nents in the healing phases of chronic wounds.

While the first clearance by the United States Food
and Drug Administration of a bioactive glass for a medi-
cal indication was in 1985, it was not until 2016 that a
borate-based bioactive glass (13-93B3) was approved
for use in acute and chronic soft tissue wounds and
injuries.6 Mirragen Advanced Wound Matrix (BBGFM)
is a novel, borate-based, bioactive glass nanofiber
(ETS Wound Care; Rolla, Missouri) with a target compo-
sition of 53B2O3–6Na2O–12K2O–5MgO–20CaO–4P2O5 wt%
(Figure 1). Borate-based bioactive glasses have been for-
mulated to degrade in the wound over a period of days or
weeks. The rate of degradation depends in part on the
wound exudate and thus be washed out or degraded as
the wound heals. Bioactive glass matrix was recently
tested in subjects with chronic wounds, three of which
were DFUs.9 These were wounds that had failed multiple
previous advanced therapeutics and surgeries with a

FIGURE 1 Gross and Microscopic Illustration of Mirragen Advanced Wound Matrix (BBGFM) (Mirragen) ETS Wound Care, Rolla,

Missouri. A, Gross illustration of BBGFM. B, EM image of BBGFM at �200 magnification demonstrating its intricate bioabsorbable glass

fibre and sphere structure
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mean wound age of 10 months. After a mean of 3.5 treat-
ments, all wound healed in 6–10 weeks.

Given that this case series was small, this unique
material required further investigation with level one evi-
dence to illustrate its effectiveness in hard-to-heal
wounds. DFUs were selected due to their chronicity and
high risk of amputation. The primary objective of our
study was to further investigate the healing potential of
BBGFM in subjects with chronic DFUs and comparing
the healing rate to treatment with SOC alone. Forty
patients were randomised to either SOC alone or BBGFM
and SOC and treated for a period of 12 weeks. Secondary
objectives included evaluating PAR, changes in neuropa-
thy, the safety of the product, and to observe infection-
related complications.

2 | METHODS

Following written consent prior to any study-related pro-
cedure, subjects were eligible to be randomised 1:1 to
BBGFM and SOC or SOC alone if they had a wound
corresponding to University of Texas 1A/Wagner 1 in this
parallel, two-group, single-blind randomised controlled
trial (RCT). The Western Institutional Review Board
approved both the study protocol and informed consent
form on 1 December 2017 (No. 20172695). The study, reg-
istered at ClinicalTrials.gov (NCT02399826), was con-
ducted under all applicable state and federal regulations
in the United States at five outpatient wound care cen-
tres, adhered to Good Clinical Practice guidelines, and
was in compliance with the Declaration of Helsinki. The
first subject was enrolled on 16 September 2017 and
the last subject exited the study on 31 October 2018.

2.1 | Subject screening, eligibility, and
standard of care

All subjects had to undergo a 2-week screening period
following the first day when a full physical examination
was undertaken with documentation of medical history
and selected demographics, and assessment of concomi-
tant medications and therapies. A full evaluation of cur-
rent wounds as well as history of chronic wounds was
then conducted, as well as blood draws for serum creati-
nine and glycosylated haemoglobin (HbA1c) analysis
(repeated at end-of-study visit), and pregnancy testing for
females of childbearing age.

If multiple DFUs were eligible on a subject's feet, the
largest wound was selected provided it met area require-
ments (the index wound). Peripheral neuropathy of the
target foot was assessed with the standard 10-point

Semmes-Weinstein monofilament exam using a 10 g tar-
get force 5.07 level monofilament pressed against the
10 predefined areas of the subject's foot.10 After pain
assessment, the index wound was evaluated for
infection,11 cleaned, and surgically debrided if necessary,
using a 15 blade or curette to remove all necrotic tissue.
Osteomyelitis screening was accomplished using the
probe-to-bone test with further X-ray and bone biopsy
testing confirmation if suspected. Index wound assess-
ment, including measurement and photographs, was per-
formed. The lower extremity encompassing the index
wound was also assessed using TCOM, ankle brachial
index (ABI), or Doppler arterial waveform tests to
exclude patients with any significant peripheral arterial
disease.

At screening, all index wounds received a collagen
alginate primary dressing (Fibracol; 3M corporation
Minneapolis, Minnesota) topped with a padded three-
layer dressing (Dynaflex, 3M Corporation, Minneapolis,
Minnesota) or equivalent. Offloading of the index
wound was achieved with a removable diabetic cam-
walker (Royce Medical, Inc., Camarillo, California; or
similar generic device) with the option of converting
the removable walker into an instant total contact cast
if patients had issues with maintaining the walker
while ambulating. A complete total contact cast was
also available if the patient could not be fit for a remov-
able diabetic cam-walker.

During the remainder of screening, further debride-
ment was carried out as needed, and the index wound
area was measured to calculate the percentage area
reduction (PAR) over 2 weeks. Randomisation occurred
2 weeks after screening commenced provided all inclu-
sion and exclusion criteria (Table 1) were still met.

2.2 | Treatments

After randomisation, subjects were treated for 12 weeks
unless the index wound closed and was confirmed closed
2 weeks later. The subject could be withdrawn from the trial
due to an adverse event or medical monitor decision and
had to be withdrawn if the PAR at 6 weeks was <50% so
that other treatments could be pursued. Subjects were seen
weekly and index wounds were cleansed with sterile normal
saline solution, debrided if needed, photographed, and their
surface area measured. If the wound was assessed as
infected, anaerobic and aerobic cultures were obtained via
wound swabs and appropriate systemic antibiotic treatment
instituted until the infection was clinically resolved.

On the day of randomisation, the last step was appli-
cation of BBGFM to the active treatment group that
included shaping the advanced wound matrix to fit the
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size of the wound bed and pressing directly in contact
with the wound, ensuring the entire wound area and
wound margins were covered. A three-layer padded
dressing was then applied (Dynaflex) or equivalent.
Given that the BBGFM dressing is completely bio-
absorbable and is eventually absorbed at the wound site,
only loose sections from prior applications were removed
at subsequent visits during debridement. Re-application
was then performed at the weekly visits.

Index wounds in the SOC group received collagen
alginate dressings (Fibracol) along with a padded three-
layer dressing or equivalent. The application of the colla-
gen alginate was performed per indication and occurred
on the weekly visits, and if the dressing was saturated, re-
application was performed at that time.

2.3 | Healing validation

Initial healing by a site investigator was determined if
there was complete (100%) epithelialisation without
drainage or need for further dressing. Two weeks later,
the wound was assessed to see if durable closure was still
maintained. Final adjudication of healing was conducted
by a panel composed of three plastic surgery wound
experts blinded to the study assignment. This panel along

with the medical monitor, also reviewed decisions made
by site investigators regarding patient enrolment, healing,
and study continuation.

All patients were fitted for and dispensed diabetic shoes
and insoles provided by the sponsor at the study exit.

2.4 | Study outcomes

The primary endpoint for the study was the proportion of
completely healed wounds 12 weeks after randomisation.
Secondary endpoints included PAR at 12 weeks, safety,
and differences between scores for pain, Semmes-
Weinstein, and w-QoL12 (wound quality of life) deter-
mined at randomisation (first day of screening for w-Qol)
and 12 weeks. All endpoints were compared between
treatment groups. If the subject's wound healed before
12 weeks or the subject was withdrawn from the trial, the
last visit (end-of-study visit) was used as the point in time
to measure these endpoints. PAR was calculated as ([AI –
AXW]/AI)*100, where AI is the area of the index wound at
randomisation and AXW the area at 12 weeks. The pain
score was derived from a VAS scale of 0 to 10, and the
Semmes-Weinstein score had a theoretical range of 0 to
10 in which 0 meant that all 10 areas were insensate and
10 meaning that there was no neuropathy.

TABLE 1 Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

• Male or female age 18 or older
• Type 1 or type 2 diabetes mellitus (ADA diagnostic criteria).
• Signed informed consent
• Subject's wound diabetic in origin and larger than 1 cm2.
• Wound present for a minimum of 4 weeks duration, with

documented failure of prior treatment to heal the wound.
• Wound has no signs of infection.
• Wound present anatomically on the foot as defined by

beginning below the malleoli of the ankle.
• Additional wounds may be present but not within 2 cm of the

study wound.
• Serum creatinine less than 3.0 mg/dL.
• HbA1c less than 12% within 90 days of randomisation
• Subject has adequate circulation to the affected extremity, as

demonstrated by one of the following within the past 90 days:
Dorsum transcutaneous oxygen test (TCOM) ≥30 mmHg; or
ABI with results of ≥0.7 and ≤1.3 in conjunction with Doppler
arterial waveforms, which are triphasic or biphasic at the ankle
of affected leg

• Subject is of legal consenting age.
• Subject is willing to provide informed consent and is willing to

participate in all procedures and follow-up evaluations
necessary to complete the study.

• Female subjects of childbearing potential must use acceptable
methods of birth control and undergo pregnancy testing

• Wound probing to ligament, tendon, joint capsule, fascia,
or bone

• Index ulcer caused by a medical condition other than diabetes.
• Index ulcer associated with carcinoma
• Subjects with a history of more than 2 weeks treatment with

immune-suppressants (including systemic corticosteroids
>10 mg daily dose), cytotoxic chemotherapy, or application of
topical steroids to the ulcer surface within 1-month prior to
screening, or who receive such medications during the
screening period or who are anticipated to require such
medications during the course of the study.

• Subjects taking a selective COX-2 inhibitor
• Subjects on any investigational drug(s) or therapeutic device(s)

within 30 days preceding screening
• History of radiation at the ulcer site (regardless of time since

last radiation treatment).
• Index ulcer has been previously treated or will need to be

treated with any prohibited therapies.
• Presence of any condition(s) which seriously compromises the

subject's ability to complete this study or has a known history of
poor adherence with medical treatment.

• Osteomyelitis or bone infection of the affected foot
• Subject is pregnant or breast-feeding.
• Index ulcer has reduced in area by 20% during 2-week screening

period
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2.5 | Randomisation and allocation
concealment

A block size of 10 was used for randomisation achieved
by using five sheets of paper with an SOC assignment
and five with a BBGFM assignment, with each assign-
ment placed in an opaque envelope, which was then
sealed, and the envelopes shuffled by the study coordina-
tor before being labelled 1 through 10. This process was
repeated to obtain a sufficient number of assignments
and was observed by the principal investigator and study
staff, before envelopes were distributed to study sites. Site
investigators had to open the envelopes in order and
could only open the next envelope in order after a subject
was ready to be randomised, thus accomplishing alloca-
tion concealment.

2.6 | Sample size calculations and
statistical analysis

Initial power calculations for the primary endpoint were
based on a two-sided Z test with pooled variance (inde-
pendent proportions test): Group sample sizes of 20 in
Group 1 and 20 in Group 2 achieve 82% power to detect a

difference between the group proportions of 0.45. The
proportion of wounds healed in Group 1 (the treatment
group) was assumed to be 0.3 under the null hypothesis
and 0.75 under the alternative hypothesis. The proportion
in Group 2 (the control group) was 0.3. The significance
level of the test was targeted at 0.05, while the signifi-
cance level actually achieved by this design was 0.053.

The intent-to-treat (ITT) and safety populations com-
prised randomised patients who received at least one treat-
ment. All analyses used the ITT approach. The last
observation carried forward principle was used in regard
to missing observations at any visit. Study variables were
summarised as means and standard deviations (±SDs) for
continuous variables, as well as medians for non-normally
distributed data. Categorical variables were presented as
counts and percentages. For statistical testing of categorical
variables between treatment groups, chi square or Fisher
exact tests were performed; for continuous variables,
independent t tests or Mann-Whitney tests were used
(depending on normality of variable values).

A logistic regression was carried out to analyse the
proportions of wounds healed at 12 weeks, to account
for imbalances between treatment groups of available
covariates. Covariates were entered into one block
with stepwise elimination of non-significant covariates.

FIGURE 2 Flow chart of

trial participants
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Parsimonious model selection was confirmed by building
model covariates one at a time and then in various combi-
nations. The assumption of linearity in regard to the logit
for continuous covariates, absence of multicollinearity
between covariates, and lack of strongly influential outliers
was examined.

To correct for the multiplicity of secondary endpoint
statistical testing, P values were adjusted using the Holm
step-down procedure. Two-sided P values < .05 were

considered significant. PASW 25 (IBM, Chicago, Illinois)
was used to perform all statistical testing.

3 | RESULTS

Out of 44 subjects who were screened, 40 were eligible to
be randomised to BBGFM and SOC or SOC alone
resulting in 20 subjects per treatment group (Figure 2). In
the BBGFM group, three subjects were lost to follow-up:
one to an adverse event and two subjects because the
PAR of the index wounds was <50% at week 6. In
the SOC group, five subjects experienced adverse events
resulting in withdrawal, six index wounds failed to meet
the 50% PAR rule at week 6 and were also withdrawn,
and one index wound reopened at the confirmatory
wound healing visit, causing this subject to be withdrawn
from the study.

Patient-and wound-related variables at baseline were
generally well-balanced between groups with only creati-
nine levels significantly lower in the BBGFM group com-
pared with the SOC group (1.0 vs 1.4; P = .037) (Table 2).

TABLE 2 Wound- and patient-

related variables between groups at

randomisation compared with assess

success of randomisation

Variable BBGFM SOC P

Patient age (years) 61.0 (13.81) 64.3 (9.32) .38

Race

Caucasian 19 (95) 17 (85) .61

African American 1 (5) 3 (15)

Gender

Male 10 (50) 10 (50) 1.0

Female 10 (50) 10 (50)

Hypertension 14 (70) 17 (85) .45

Neuropathy extends beyond dorsal surface 15 (75) 13 (65) .49

BMI 34.1 (7.07) 32.7 (5.18) .46

Smoker 3 (15) 4 (20) 1.0

HbA1ca 7.85 (1.67) 7.8 (1.76) .99

Creatinine 1.0 (0.37) 1.4 (0.58) .037

Wound area (cm2) 3.5 (2.07) 5.2 (4.67) .42

Wound age (weeks) 23.0 (18.45) 16.5 (16.73) .16

Wound plantar surface 17 (85) 17 (85) 1.0

Wound location

Toe 1 (5) 1 (5) .9

Forefoot 5 (25) 7 (35)

Midfoot 9 (45) 7 (35)

Heel/ankle/hindfoot 5 (25) 5 (25)

Note: Continuous variables are reported as means (standard deviations [SDs] in parentheses) and categorical

variables as number (n) and percentage (%).
aAverage of HbA1c values (beginning and end of study).
Abbreviations: BBGFM, Mirragen Advanced Wound Matrix; BMI, body mass index; SOC, standard of care.

TABLE 3 Logistic regression of complete wound healing after

12 weeks of treatment

Variable B P OR

95% CI

Lower Upper

Gendera �2.21 .01 0.11 0.02 0.59

BMI 0.13 .034 1.14 1.01 1.29

Treatmentb 2.45 .006 11.52 2.02 65.70

Abbreviations: BMI, body mass index; OR, odds ratio.
aReference groups female.
bReference group: standard of care.
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After 12 weeks of treatment 14 of 20 wounds (70%)
healed in the BBGFM group compared with 5 of 20 (25%)
in the SOC group (unadjusted P = .004). The
corresponding number needed to treat was 2.0 (95% CI:
1.4-5.8). The logistic regression model included treat-
ment, BMI, and gender as main effects only. Bayesian
information criterion for the model was 51.1 and disper-
sion was 1.01. Adjusted P value for treatment effect was
.006 (Table 3). Being of male gender substantially
lowered the odds of healing (odds ratio [OR]: 0.11), while
both treatment (BBGFM) and body mass index (per unit

increase) increased the odds of healing by 11.52 and 1.14,
respectively. Weekly healing rates are shown in Figure 3.

After 12 weeks of treatment, the PAR was 79% (SD: 48)
in the BBGFM group compared with 37% (SD: 66) in the
SOC group (unadjusted P = .009; adjusted P = .027).
Weekly PAR values by treated group are shown in
Figure 4. The mean change in neuropathic score (Semmes-
Weinstein) between baseline and up to 12 weeks of treat-
ment was 2.0 (SD: 3.5) in the BBGFM group compared
with �0.6 (SD: 1.60) in the SOC group (positive improve-
ment in scores are better); unadjusted P = .002; adjusted

FIGURE 3 Weekly healing rates by

treatment group

FIGURE 4 Weekly percentage

wound area reduction by treatment

group
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P = .008). The mean weekly change in neuropathic score by
treatment group is shown in Figure 5. The mean change in
w-QoL score between baseline and up to 12 weeks of treat-
ment was 0.3 (SD: 2.1) in the BBGFM group compared with
0.33 (SD: 1.8) in the SOC group (positive reductions in
scores are better); unadjusted P = .43; adjusted P = .86).
Finally, the mean change in pain score between baseline
and up to 12 weeks of treatment was 0.39 (SD: 0.63) in the
BBGFM group compared with 0.24 (SD: 0.54) in the SOC
group (positive reductions in scores are better); unadjusted
P = .84; adjusted P = .86). The mean number of BBGFM
applications was 6.0 (SD: 4.2); median: 6.

Nine adverse event (AEs) occurred in the SOC group,
of which seven were SAEs, and five of the nine AEs were
index-wound-related. The SAEs comprised: abscess, cel-
lulitis, and osteomyelitis of the index wound that
required hospitalisation, antibiotics, and surgical incision
and drainage; an infection of the index wound that
required hospitalisation, amputation of the second right
toe and saucerization of the second metatarsal head;
infection of the index ulcer that required antibiotics and
hospitalisation; swelling of the left knee and cellulitis of
left knee and ankle that required aspiration of the knee
and antibiotics in hospital; infection of a non-index ulcer
that required antibiotics and culture; and two incidences
of a fall that required hospitalisation. The remaining two
AEs both involved the index ulcer, and included infection
and cellulitis of the wound that also probed to bone but
resolved with antibiotics, and infection that also was
treated with antibiotics alone.

In the BBGFM group, there were four AEs that did
not involve the index ulcer, of which three were SAEs:

leg pain and cellulitis that required antibiotic treatment
in hospital; diabetic ketoacidosis and a methicillin resis-
tant S. aureus (MRSA) infection that required medication
and treatment in hospital; and dyspnoea/exacerbation of
an existing chronic heart failure condition that also
required hospitalisation. The remaining AE was due to
infection of the third metatarsal on the left foot and was
successfully treated with antibiotics. There were no AEs
related to study products.

4 | DISCUSSION

Based on the primary endpoint of the trial, a significantly
higher proportion of wounds healed after 12 weeks of
BBGFM treatment and SOC compared with SOC alone
(70% vs 25%; adjusted P = .006) with odds of healing over
11 times greater than that of SOC. The wound healing
community has seen the proliferation of new cellular
and/or tissue-based products (CPTs) in the last 10 years
with these types of products often seen as the ‘go to’
treatments for clinicians when chronic DFUs fail to
respond to good SOC. Therefore, the finding that the dif-
ference between treatment groups in terms of percentage
of wounds healed in the present study (45%) is compara-
ble to or exceeds those from many other RCTs investigat-
ing CPTs in similar populations and DFU wound
severity13-20 is noteworthy, given the paucity of data
regarding bioactive glasses.

Because the majority of these CTPs are created with
synthetic, allogenic, or xenogeneic tissue constructs in
which the goal is to replace the ‘missing’ numerous

FIGURE 5 Weekly change in

neuropathic score by treatment group
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growth factors and cytokines locally at the site of the
wound, they are expensive to manufacture, even if mini-
mally manipulated in many instances. This means that a
single treatment can cost several thousands of dollars.
Indeed, Winters et al note that ‘Reaching a consensus on
whether higher priced treatment options are cost effec-
tive has been challenging despite the many publications
on the matter’.21 The cost of healing BBGFM-treated
wounds was far less than half when compared with the
majority of CTPs as the bioactive glass in the BBGFM is a
relatively cost-effective dressing option. Just as important,
BBGFM achieved wound healing results comparable to or
better than CTPs by what the authors suggest is a different
mechanism of action when the bioactive glass wound dress-
ing is applied to the non-healing diabetic wound.

Angiogenesis occurs in the third phase of wound
healing. Many factors such as vascular endothelial
growth factor (VEGF) and basic fibroblast growth factor
are necessary for new capillaries, especially tortuous
microvessels, to develop, but prior transient inflamma-
tion and cytoskeletal rearrangements are also necessary
for this process to proceed normally.22 Many CTPs deliver
angiogenic growth factors and extracellular matrices
directly into the wound to replace deficits or normalise
imbalances that exist in the chronic wound. In the case
of BBGFM, while it mimics the microstructure of a fibrin
clot, and such microstructure, porosity, and other envi-
ronmental features are critical, bioactive ions are also
released into the wound environment as a result of degra-
dation, which occurs predictably over time.23 Animal
models also suggest that angiogenic effects may be pro-
moted through the addition of doped copper ions in the
bioactive glass fibres as a result of upregulation of
VEGF.6,24 Our own results in a clinical context suggest
that angiogenesis is probably rapid because wound area
reduction on average is high over the first week
(Figure 4).

Another significant finding was the reduction in the
Semmes-Weinstein score, which was significant in
the BBGFM group compared with the SOC group
(P = .008). Only 40% of BBGFM subjects had a positive
increase of ≥1 point, whereas no subjects in the SOC
group had such an increase. The cause of diabetic periph-
eral neuropathy is not known but the prevalence does
increase with diabetes duration.25 We did not have data
on diabetes duration for subjects so it is not possible to
determine if the 40% who were clinical respondents were
recently diagnosed. While the improvement in sensation
around the wound is impressive in these cases, the mech-
anism involved and the likely duration of improvement
remains unknown and further through investigation is
needed with additional objective testing to either confirm
or refute the finding in this trial.

Finally, it should be noted that in the study, the
BBGFM group experienced no AEs related to infection of
the index ulcer, while for the SOC group, there were five
such infections. Faster healing times could explain some
of the difference (less time for infection), but the antimi-
crobial properties of BBGFM could also have played a
role to prevent infection. Bioactive glasses that contain
boron, including BBGFM, release the ion in a controlled
manner at the wound interface. Boron ions by themselves
inhibit the growth of both gram-positive and gram-
negative bacteria, including E. coli, S. sonnei, V. natriegens,
S. epidermidis, Serratia marscesens, and MRSA, although it
appears that for gram-positive species the mechanism of
action is disruption of the cell membrane integrity.26

Boron-based bioactive glasses are also able to disrupt
biofilm, which is now understood to affect as much as
two-thirds of chronic wounds.27,28 In one study of
gram-negative bacteria (P. aeruginosa and A. baumannii),
gram-positive bacteria (S. aureus), and fungi (C. albicans),
boron-containing bioactive glasses were found to have a
strong effect on biofilm after 2 days, with the exception of
S. aureus. Both boron and alkali release, resulting in pH
increase were thought to be relevant mechanisms for bio-
film disruption.7,8

The strengths of the present study include a robust
trial design, adequate statistical power for the primary
endpoint, multiple investigation sites, a standardised
approach to SOC, satisfactory allocation concealment,
ITT analysis, appropriate adjustment for multiple statisti-
cal testing, and reporting according to CONSORT guide-
lines. However, there are some weaknesses in the study,
which include lack of investigator blinding (it was not
possible to create a sham product), as well as the need to
withdraw subjects at 6 weeks if wounds were not suffi-
ciently responding to treatment so that subjects could be
offered an alternative and safer treatment pathway.29

This resulted in censoring of outcomes. Future trials
should consider a larger more robust number of patients
and include more complex wounds including ulcers
down to tendon, capsule, and bone to determine if
BBGFM can be beneficial in helping these kinds of
wounds heal.

In conclusion, this trial has demonstrated that the
addition of a bioactive glass microfiber matrix containing
boron to SOC results in significantly improved wound
healing in Wagner 1 DFUs compared with SOC alone,
with encouraging results regarding infection and neurop-
athy. Further studies will be needed to confirm these
findings.
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