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Abstract

Background: Advanced wound care dressings are vital in managing the complexities of chronic wound treatment. For
instance, Theruptor 3-D composite microbicidal dressing is designed with antimicrobial properties to promote wound heal-
ing. Despite the availability of several antimicrobial products in the market such as Bactigras, Allevyn, and Aquacel, their
comparative efficacy remains unexplored. This study evaluated the clinical efficacy and safety of Theruptor versus
Bactigras and Allevyn dressings for chronic wound healing.

Methods: A randomized, parallel-group study was conducted from May 2022 to July 2024 across five centres in India.
Patients with chronic wounds were randomized to allocate Theruptor, Bactigras, and Allevyn dressings (diabetic and
non-diabetic etiology; n=35 each). Wound area, bacterial load, clinical signs and symptoms, exudate management, and
product performance were assessed.

Results: A total of 210 patients with chronic wound in the age range of 19—-87 years, were recruited and followed up for 8
weeks. The mean wound area was significantly reduced from Day 0 to Day 56 in in diabetic Theruptor (17.35 + 15.08 cm?
vs 4.13 + 10.56 cm?), Bactigras (12.93 + 12.02 cm? vs 3.6 +7.75 cm?), and Allevyn (14.36 +9.97 cm? vs 0.74 + 1.65 cm?)
and non-diabetic Theruptor (20.45 + 16.8 vs 3.01 +7.52 cm?), Bactigras (18.16 + 14.81 vs 2.52 +5.48 cm?), and Allevyn
(28.41 +19.97 vs 5.31 +9.94 cm?) groups (p <.0001). Further, bacterial load, exudate scores, and clinical signs and symp-
toms non-significantly improved with time in all three groups (p >.05). In product performance analysis, Theruptor dressing
(n=33/33) was rated more comfortable to wear than Bactigras (n=24/28, p =.004) and Allevyn (n=25/30, p =.02) in
diabetic patients. Among non-diabetics, more patients reported “no pain” during application and removal of dressing in
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Theruptor group (n=26/29 and 28/29) than in Bactigras (n=18/31; p =.04 and n=20/31; p =.02) and Allevyn groups (n=

12/29; p=.001 and n=16/29; p =.003).

Conclusion: Theruptor provides a safe and effective alternative for chronic wound management with comparable healing

outcomes to Bactigras and Allevyn dressings.
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Introduction

Chronic wounds pose a major global health challenge to
patients and physicians due to their prolonged healing times,
high recurrence rates, and susceptibility to infections.' The
global prevalence of chronic wounds ranges from 1.51 to
2.21 per 1000 individuals.* These wounds are more prevalent
among women than men, with the average age of affected
individuals ranging from 70 to 80 years.” Chronic wounds
are categorized as diabetic foot ulcers (DFU), wounds associ-
ated with peripheral arterial disease, venous leg ulcers, and
pressure ulcers.® Of the estimated 537 million diabetic
people, 19% to 34% are expected to develop a DFU in their
lifetime.” The complex aetiology of chronic wounds involves
impaired angiogenesis, abnormal collagen accumulation,
fibrosis, and prolonged inflammation.® Thus, effective man-
agement of chronic wounds necessitates early detection,
debridement of necrotic tissue, and the application of
advanced wound dressings that promote healing.’

Modern wound care solutions such as polymeric hydro-
gels and moist wound dressings are designed to address the
multifaceted needs of chronic wound healing process.'°
These dressings provide a combination of benefits including
moisture retention, microbial protection, exudate manage-
ment, and promotion of granulation tissue.” Despite their
effectiveness, consistent healing outcomes remain challeng-
ing for complex wounds that require prolonged care.”

Theruptor 3-D composite microbicidal wound dressing,
developed by Healthium Medtech Limited, India, is an innova-
tive wound care system with anti-microbial properties. Itisa 3D
hydrocellular dressing made of Polyethylene terephthalate
(PET) and polyurethane, permanently bound and cross
polymerized-cross-linked with “Dimethyl tetradecyl [3- (trime-
thoxy silyl) propyl] ammonium chloride” (DTAC). Its mecha-
nism of action involves cationic sites to attract and disrupt
negatively charged pathogens, leading to their lysis and elimi-
nation.'" Evidence in the literature states that Theruptor is a
broad range microbicidal dressing effective against
Gram-positive and Gram-negative bacteria, fungi, yeast, and
resistant strains and in reducing surgical site infections.'"'?

Several antimicrobial wound care products are currently
available in the market for instance, Bactigras wound dressing
of Smith and Nephew is an antimicrobial dressing containing
chlorhexidine as an active agent to combat bacterial infec-
tions.'* Another product from Smith and Nephew is Allevyn

wound dressing which incorporates silver as a potent antimicro-
bial agent. The ability of Allevyn to combat infections and pro-
moting wound healing makes it a comparator in clinical
evaluations of wound care products.'* Bactigras and Allevyn
are highly referenced and endorsed dressings in clinical practice
guidelines as standard treatment options for chronic wounds.
Their established safety, efficacy, and distinct mechanisms
make them suitable and relevant comparators in clinical evalu-
ations of wound care technologies.® The antimicrobial compo-
nents in all the three dressings target bacteria, offering reliable
options for infection management. However, despite the wide
availability of these products, there is a notable lack of compar-
ative evidence in the literature evaluating their relative perfor-
mance to other advanced wound care technologies.

Based on this background, this randomized, multi-center,
comparative, parallel-group, prospective study aims to
assess the clinical efficacy and safety of Theruptor Wound
Dressing in comparison with Bactigras and Allevyn dress-
ings for the treatment of chronic wounds.

Patient and Methods
Study Design

This randomized, multi-center, parallel-group, prospective clin-
ical study was conducted between May 4, 2022 and July 8, 2024
across five centres in India: All India Institute of Medical
Sciences (AIIMS, Jodhpur - Rajasthan), All India Institute of
Medical Sciences (AIIMS, Bhubaneswar - Odisha), Mahatma
Gandhi Medical College and Research Institute (MGMCRYI,
Puducherry), SRM Medical College Hospital and Research
Centre (SRM, Tamil Nadu), and Postgraduate Institute of
Medical Education and Research (PGIMER, Chandigarh). The
study protocol and informed consent documents were reviewed
and approved by the respective Institutional Review Boards of
the centres. Written consent was obtained from all patients
before initiating any study-related procedures. The study was
pre-registered in Clinical Trials Registry-India and conducted
in compliance with the Declaration of Helsinki, Good Clinical
Practice (ICH-GCP), and ISO 14155 standards.'®!”

Patients

The inclusion and exclusion criteria are detailed in Table 1.
Adult patients aged >18 years, both males and females, with
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Table I. Inclusion and Exclusion Criteria.

Inclusion Criteria

Exclusion Criteria

* Male or female patients of age 18 years or older.

*  Patients who had chronic wounds (either diabetic or non-diabetic)
in origin and larger than | cm? up to 25 cm? for diabetic wounds,
and | em? up to 50 cm? for non-diabetic wounds. (Wound
measurements were taken after debridement using rulers).

* Patients presented with 2 or more signs of infection (pain,
swelling, discharge, warmth, erythema, and malodour), but
with reduced bacterial bioburden.

e Class I, 2, and 3 wounds of CDC Classification (Risk
assessment & Infection control)

*  For diabetic wounds, up to grade 2 of the University of Texas
Diabetic Foot Ulcer Classification System (Assessment and
Diagnosis).

* The age of the wound was between 3 months and one-year
duration, with documented failure of earlier treatment to heal
the wound.

* Patients who provided informed consent and were willing to
participate in all procedures and follow-up evaluations
necessary to complete the study.

* The patient who had adequate circulation to the affected
extremity, as demonstrated by one of the following in case of
diabetic and non-diabetic ulcers, within the past 60 Days
before enrolment: (For all patients)

* Doppler- ABIs with results of >0.7 and <I.2 to ensure
adequate peripheral perfusion and arterial sufficiency to
support wound healing, OR

* Doppler arterial waveforms, which are triphasic or biphasic at
the ankle of the affected leg

.

Wound probing to bone (UT Grade Ill A- D). A positive
probe-to-bone was confirmed when bone or joint can be felt with
a sterile probe.

Index foot ulcers greater than 25 cm? for diabetic wounds and
greater than 50 cm? for non-diabetic wounds to ensure uniformity
in wound severity and to minimize variability in healing potential
across treatment groups. Larger wounds often present with
complex pathophysiology, which may require surgical
interventions.

Known history of poor compliance with medical treatments.
Previously randomized or participated in another clinical trial.
Under radiation therapy or chemotherapy at the time of
enrolment.

Known or suspected local skin malignancy to the index ulcer.
Serum Creatinine more than 2 mg/dl and HbAlc more than 10%
Non-revascularizable surgical sites.

Pregnant or lactating female.

Under immune system modulator medications.

Allergy to the test or comparator products employed in the study.

chronic infected ulcers of diabetic or non-diabetic etiology
were screened for eligibility. Those patients who exhibited at
least two clinical signs of infection alongside evidence of
reduced bacterial bioburden and had chronic wounds with a
post-debridement area ranging from 1-25 cm? for diabetic
wounds or 1-50 cm?® for non-diabetic wounds were eligible
for the recruitment in the study. Any patients with a wound
that was exceeding the specified size thresholds of 25 cm?
for diabetic wounds or 50 cm?® for non-diabetic wounds and/
or probed to bone, classified as University of Texas (UT)
Grade III A-D were excluded from the study.

Randomization and Intervention

Randomization was done using a Permuted Block technique,
and allocation was concealed using serially numbered opaque
sealed envelope technique. Both investigators and patients
were not aware of the dressing allocation at the time of recruit-
ment in the study. Patients were assigned randomly to the study
groups with equal probability within groups for both diabetic
and non-diabetic patients. Patients were allocated into three
groups, which were sub-categorized as:

e Group 1: Patients with chronic wounds of diabetic
and non-diabetic etiology received Theruptor 3-D

Composite Microbicidal Wound Dressing (n=35
each)

e Group 2: Patients with chronic wounds of diabetic
and non-diabetic etiology received Bactigras
Wound Dressing (n=35 each)

e Group 3: Patients with chronic wounds of diabetic
and non-diabetic etiology received Allevyn Wound
Dressing (n=35 each)

Patients received their assigned dressing and were fol-
lowed for 8 weeks or 56 Days, with assessments conducted
on Days 0, 3, 7, 14, 21, 28, 42, and 56. The patients had a
window period of + 7 Days between the visits.

Study Outcomes and Assessments

Physical examination, demographics, and medical history of
the patients were documented at the time of recruitment. At
baseline and during the follow-up, wound debridement was per-
formed using saline irrigation and surgical removal of necrotic
tissue. Saline irrigation was done with a normal saline solution
to clean and remove loose debris. Surgical debridement was
conducted using sterile instruments to excise adherent necrotic
tissue until healthy tissue was exposed. Post debridement the
wound measurements were taken.
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The primary endpoints were to compare wound area,
reduction in bacterial load (colony counts), and improve-
ment in clinical signs and symptoms on Days 0, 3, 7, 14,
21, 28, 42, and 56 between the groups. For the same, the
wound surface area was measured using a ruler to deter-
mine length, width, and depth. Digital photographs were
captured at a distance of at least 30 cm, with a paper
ruler at the wound site. The microbiological assessment
of bacterial colony count at the wound site was done
using a swab during each follow-up visit. Any improve-
ment in signs and symptoms such as pain, swelling, dis-
charge, warmth, erythema, and malodor were assessed at
each visit.

The secondary endpoints included proportion of completely
healed wounds, exudate management and wound bleeding
during dressing changes (graded as None, Minimal, Moderate,
or Heavy), maceration scores (0 =No maceration, 1 =minimal
maceration, 2 = moderate maceration, and 3 = excessive macer-
ation), erythema grading scale (redness: 0 = absent, | =mild,2 =
moderate, or 3 =severe), wound pain assessment using the
Visual Analog Scale (VAS), Red-Yellow-Black (RYB) wound
assessment scale (color of the wound bed), condition of the sur-
rounding skin (healthy, inflamed, macerated, dry and flaky), per-
centage of tissue type (pink epithelial, beefy red granulation, dull
red, friable granulation, yellow, black necrotic, and devitalized
tissue), Wound-Quality of life (QoL) questionnaire,'® and
Cardiff wound impact questionnaire.'” Also, visible fibres
from the dressing material and adverse events were assessed
for their presence or absence during each visit.

Atthe end of the study, the product performance on the basis
of ease of application, comfort, discoloration of the surrounding
skin, pain during application and removal, satisfaction with
exudate and leakage handling, number of dressing changes
required and the mean wear time of dressing was assessed.

All the measurements (length, width, and depth), wound
assessment parameters, symptom scoring, and digital photo-
graphic documentation were conducted by trained site
investigators from the wound care team according to a stan-
dardized protocol, to ensure consistency and minimize bias-
ness. Although investigators were blinded to the dressing
allocation at the time of patient recruitment and randomiza-
tion, they were involved in the follow-up assessments.

Sample Size Calculation
The sample size was calculated using n-master, with the fol-

lowing formula:

n = Zur + Zp)* % (p1(1 — p1) +pa(1 = p2)) / (p1 — p2)*

where Z,, = critical value of the normal distribution at a/2;
Zg=critical value of the normal distribution at §; p; and p,
=expected sample proportions of the two groups.

Assuming a 5% level of significance (o = 0.05) and a ran-
domization ratio of 1:1:1 across the three arms, the required
sample size was calculated based on the percentage of
wound healing: 80% in the test arm and 96% in the compar-
ator arm. At 80% power (f=20%), the estimated sample
size for each arm was determined to be 61 patients.
Considering 10% dropout rate, the sample size per arm
was rounded up to 70 patients.>’ Thus, the total sample
size for the study was set at 210 patients.

Statistical Methods

In the study, both intention-to-treat (ITT) population and
per-protocol (PP) population analysis were planned
however, the clinical efficacy of the dressings were evalu-
ated using PP population. The ITT population included all
randomized participants, regardless of protocol adherence
or completion of the study. The PP population consisted
of participants who completed the study without major pro-
tocol deviations, such as non-compliance with dressing
application or missed follow-up assessments.

The data was statistically analyzed using SPSS software
version 28.0.1. Continuous variables were analyzed using
descriptive statistics and represented as mean, standard
deviation (SD), and median. Categorical variables were
expressed as counts and percentages. Inter- and intra-group
comparisons were performed throughout the study. For
intra-group comparisons, wound area reduction, colony
count, exudate management, wound bleeding, maceration,
erythema grading scale, wound pain assessment, and QOL
questionnaire were analyzed using Wilcoxon matched-pairs
signed rank test. For inter-group comparisons, colony count,
wound bleeding, maceration, erythema grading scale,
wound pain assessment, and QOL questionnaire were
assessed by Kruskal-Wallis test, and wound area reduction
and exudate management by Mann-Whitney test. For both
intra- and inter-group comparisons, clinical signs and symp-
toms, bacterial load reduction, RYB wound assessment
scale, condition of the surrounding skin, tissue types in
wound bed, Cardiff wound impact questionnaire, and
product performance parameters were evaluated using
Fisher’s exact test.

Results

A total of 241 patients were screened for the trial of which
210 patients were found eligible and enrolled. Recruited
patients were then randomized and allocated into three treat-
ment arms: Theruptor, Bactrigras, and Allevyn, further sub-
categorized as diabetic and non-diabetic patients (n=35
each). Among the recruited patients, 180 completed the
study, while 27 were lost to follow-up, and 3 were with-
drawn. The disposition of patients across the study sites:
AIIMS Rajasthan (n=105), AIIMS Odisha (n=24),



Badkur et al.

Screening
Patients with chronic wound
(n=241)
L Screen failure
Enrollment 2 (0=31)
Eligible patients with chronic wound
(n=210)
Randomization and allocation I
|
Theruptor group Bactigras group Allevyn group
(n=70) (n=70) (n=70)
[ [ |
I | I I [ 1
Diabetic patients Non-Diabetic patients Diabetic patients Non-Diabetic patients Diabetic patients Non-Diabetic patients
received Theruptor received Theruptor received Bactigras received Bactigras received Allevyn received Allevyn
(n=35) (n=35) (n=35) (n=35) (n=35) (n=35)

‘Withdrawn/Lost to
follow up (n=2)

Withdrawn/Lost to
follow up (n=6)

Withdrawn/Lost to
follow up (n=7)

‘Withdrawn/Lost to
follow up (n=4)

Withdrawn/Lost to
follow up (n=5)

Withdrawn/Lost to
follow up (n=6)

| Analysis |

ITT analysis (n=35)
PP analysis (n=33)

ITT analysis (n=35)
PP analysis (n=29)

ITT analysis (n=35)
PP analysis (n=28)

ITT analysis (n=35)
PP analysis (n=31)

ITT analysis (n=35)
PP analysis (n=30)

ITT analysis (n=35)

PP analysis (n=29)

Figure |. Flow Chart of the Patients.

MGMCRI (n=51), SRM (n=21), and PGIMER (n=9).
The consort flow chart of patients through the study is pre-
sented in Figure 1.

At baseline, the age of recruited patients ranged from 19
to 87 years. When the diabetic groups of Theruptor (55.14 +
12.92 years), Bactigras (57.63 + 13.34 years), and Allevyn
(53.6 = 11.7 years) were compared, no statistically signifi-
cant differences in the age were observed among the treat-
ment groups (p>.05). Similar results were observed for
non-diabetic treatment groups (Theruptor: 45.43 +15.62
years, Bactigras: 50.57 +£12.33 years, and Allevyn: 50.97
+16.09 years; p>.05). While the percentage of female
patients (n= 163, 77.6%) was higher than male patients (n
=47, 22.4%) in the study, this trend was consistent across
all the groups. Patient characteristics, including height,
weight, and male-to-female ratio, were comparable across
the study groups (p>.05). The details of patient character-
istics for each treatment group are summarized in Table 2.

Reduction in Wound Area

Across all the three treatment arms, wound area in both dia-
betic and non-diabetic patients decreased significantly at all
follow-up visits until week 8 or Day 56 when compared to
baseline (Day 0) (p <.0001). The mean wound area was
reduced significantly from 17.35+15.08 cm?, 12.93 +
12.02 cm?, and 14.36+9.97 cm® at Day 0 to 4.13+
10.56 cm?, 3.6 +7.75 cm?, and 0.74 + 1.65 cm? at Day 56
in diabetic Theruptor, Bactigras, and Allevyn groups,
respectively (p <.0001). Similar results were observed for
non-diabetic groups at Day 56 versus Day O (Theruptor:

3.01 £7.52 vs 20.45 + 16.8 cm?, Bactigras: 2.52 +5.48 vs
18.16 + 14.81 cm?, and Allevyn: 5.31+9.94 vs 28.41 +
19.97 cm?; p <.0001). However, no statistically significant
differences were observed in wound area reduction
between the three groups in both diabetic and non-diabetic
patients (p>.05) at any time period of the study. The
median time for complete wound healing ranged from 6 to
8 weeks and was comparable across all three treatment
groups for both diabetic and non-diabetic patients. The
reduction in wound area during the visits in all the treatment
arms is shown in Figure 2(a). The representative pictures of
healed wounds from each treatment group is shown in
Supplementary Figures 1 to 6.

Bacterial Load

Regarding bacterial infection in patients, a gradual but non-
significant decrease in the number of patients were observed
from Day 0 to Day 56 across all the treatment groups in both dia-
betic (Theruptor: 17 vs 4, Bactigras: 16 vs 5, and Allevyn: 17 vs
3) and non-diabetic patients (Theruptor: 17 vs 3, Bactigras: 18
vs 3, and Allevyn: 17 vs 6) except diabetic Theruptor group on
Day 21 (n= 6; p =.04). When all the treatment arms were com-
pared with diabetic and non-diabetic patients, no significant dif-
ferences in the number of patients with bacterial infection were
observed at any time point (p >.05) (Figure 2(b)). The detected
microorganisms were: Methicillin Resistant Staphylococcus
aureus (MRSA), Proteus mirabilis, Escherichia coli, GNB
Providencia stuartii, Acinetobacter baumannii, Klebsiella
pneumoniae, Methicillin Sensitive Staphylococcus aureus
(MSSA4), Klebsiella  aerogenes, Klebsiella  oxytoca,
Morganella morganii, Methicillin-Resistant Coagulase-
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Table 2. Patient Characteristics for Study Group.

Theruptor dressing

Bactigras dressing

Allevyn dressing

Diabetic Non-Diabetic Diabetic Non-Diabetic Diabetic Non-Diabetic
Characteristics (n=35) (n=35) (n=35) (n=35) (n=35) (n=35)
Age (years) 55.14+12.92 4543 +15.62 57.63+13.34 50.57 +12.33 53.6+11.7 50.97 + 16.09
— — p=.43 p=.13 p=.60 p=.15
Height (cm) 163.7+ 7.57 164.9 + 10.41 162.1 +8.45 166.4 +8.29 162.7 +9.61 163.9 +8.77
— — p=.43 p=.13 p=.60 p=.14
Weight (kg) 71.25+12.68 69.38+ 14.72 67.71 +9.61 70.73+10.65 69.98+ 11.34 7041 +11.84
— — p=.19 p=.5 p=.66 p=.46
BMI (kg/mz) 26.63 +4.69 2545+ 4.84 25.92 +4.30 25.6 +3.97 26.58 +4.66 26.17 +3.60
— — p=.50 p=.57 p=.96 p=.19
Gender (F/M) 27/8 27/8 25/10 28/7 26/9 30/5
— — p=.79 p>.99 p>.99 p=.54

Cm = centimetre, kg = kilograms, m =metre, F/M =Female/Male ratio, (Inter-group comparison with respective diabetic and non-diabetic etiology: p vs
Theruptor using Student ‘t’ test and Fisher’s exact test for gender comparison).

Mean Colony count
~

Wound area

\\ p<0.0001

[ T
N & & ® S

Number of patients (presence of microbes)
=
S

Bacterial load

ns

Day0 Day3 Day7

Day 14 Day2l Day28 Day42 Day56

Colony count

S N & o ®

Day 0 Day 3 Day 7

Diabetic Allevyn

Day 0 Day3 Day7 Dayl4 D

ay21 Day28 Day42

Day 56

Day 14

—eo—Diabetic Theruptor

Day 21

Diabetic Bactigras
Non-Diabetic Theruptor
=eo—=Non-Diabetic Bactigras —#—Non-Diabetic Allevyn

Day28 Day42 Day56

Figure 2. Primary Endpoints. The Graphs Depict (a) Mean Wound Area, (b) Proportion of Patients Showing Bacterial Load, and (c)
Mean Colony Count. P-value was Calculated using Wilcoxon Matched Pairs Signed Rank Test for Intra-treatment (Subsequent Follow-up
vs Day 0) Comparisons for Wound Area and Mean Colony Count, Mann-Whitney Test and Two-sided Kruskal-Wallis Test for
Inter-treatment Comparisons (Theruptor vs Bactigras or Allevyn) for Wound Area and Mean Colony Count Respectively, and Fisher’s
Exact Test for Bacteria Load in Patients. ns = Non-significant; *p <.05 versus Day 0.

Negative Staphylococcus (MR-CoNS), Pseudomonas aerugi-
Enterococcus
Staphylococcus epidermis, Beta hemolytic streptococcus,
Enterobacter cloacae,
koseri, Enterobacter aerogenes, and Citrobacter diversus.

nosa,

faecalis,

Methicillin

Citrobacter freundii,

sensitive

Citrobacter

diabetic Bactigras

Further, the mean colony counts were highest in non-
group (3.29+2.39) followed by
Allevyn (3.05+2.38) and Theruptor (2.55 +2.42) at Day
0 (Figure 2(c)) but non-significant (p >.05). In case of dia-
betic treatment groups, the mean colony counts were
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comparable (Theruptor: 2.46 +2.41, Bactigras: 2.74 +2.37,
and Allevyn: 2.56 +2.4, p>.05). The diabetic Theruptor
group demonstrated a significant reduction in mean
colony counts on Day 3 (1.72 +2.33; p =.008) and subse-
quent visits (p<.05) except Day 28 (1.39+2.2; p=.07),
compared to Day 0 (2.46+2.41). Among non-diabetic
patients, Theruptor demonstrated an early and sustained
reduction in microbial load, with the first decrease observed
on Day 7 (2.19 £2.22; p =.03) and maintained through sub-
sequent visits (p <.05). In contrast, the reduction in micro-
bial load was delayed in diabetic and non-diabetic Bactigras
group and observed on Day 28 (diabetic: 2.14 +2.41 and
non-diabetic: 1.67 +2.28, p <.05). However, no consistent
reduction trend was observed in diabetic and non-diabetic
Allevyn group. In the diabetic Allevyn group, a significant
reduction was observed on Day 7 (1.7 +2.3; p=.02), fol-
lowed by a non-significant reduction on Day 14 (1.78 +
2.31; p=.12). In contrast, the non-diabetic Allevyn group
showed a significant reduction only on Day 28 (1.89+
241; p=.02).

Clinical Signs and Symptoms

The clinical signs and symptoms include pain, swelling, dis-
charge, warmth, erythema, and malodour, which showed no
statistically significant differences across the three groups
for both diabetic and non-diabetic patients throughout the
study (p>.05) except diabetic Bactigras versus Theruptor
on Day 21 (n=19 vs 12, p=.02) and Day 28 (n=22 vs
17, p=.04) for “no pain”, non-diabetic Bactigras versus
Theruptor on Day 42 for “discharge” (n=0 vs 4, p =.095),
and on Day 0 (n=10 vs 2, p=.02) and Day 21 (n=30 vs
23, p=.05) for “no swelling”.

However, a significant improvement was observed in the
proportions of patients reporting absence of clinical signs
and symptoms during subsequent visits as compared to
Day 0 (p <.05), which are:

Pain: A significant improvement in pain relief was
observed across all diabetic treatment groups from Day 0
to Day 21 (Theruptor: 3 vs 12, p=.02 and Allevyn: 4 vs
16, p=.002) except diabetic Bactigras group which
showed significant improvement on Day 14 (3 vs 12, p=
.01). A significant increase in the proportion of patients
reporting no pain was observed in non-diabetic group
from Day 14 as compared to Day 0 (Theruptor: 1 vs 10,
Bactigras: 2 vs 9, and Allevyn: 1 vs 8) (p<.05)
(Figure 3(a)). The mean pain score was reduced signifi-
cantly from 5.97+2.71, 5.54 +1.99, and 5.87 +2.53 at
Day 0 to 1.49+1.91, 1.07 £ 1.09, and 0.83 +1.18 at Day
56 in diabetic Theruptor, Bactigras, and Allevyn groups,
respectively  (p <.05). Similarly, for non-diabetic
Theruptor, Bactigras, and Allevyn groups, the mean pain
scores were decreased from 7.55+1.48, 6.81 +1.91, and

7.24+2.15atDay O to 1.48+2.28, 1.1 +1.74, and 1.21 +
1.99 at Day 56 (p <.05).

Swelling, discharge, and warmth: On Day 3, non-
diabetic Theruptor groups (n =9 vs 2, p =.04) showed a sig-
nificant increase in the proportion of patients reporting “no
swelling” and non-diabetic Bactigras (n=10 vs 2, p=.02)
and non-diabetic Allevyn groups (n=9 vs 2, p=.04) in
“no discharge” as compared to Day 0. From Day 7 to sub-
sequent follow-ups, a significant increase in the proportion
of patients reporting no swelling, no discharge, and no
warmth across all the diabetic and non-diabetic treatment
groups as compared to Day 0 (p <.05) (Figure 3(b—d)).

Erythema: On Day 14 and subsequent follow-ups, a sig-
nificant increase in the proportion of patients reporting no
erythema across all the diabetic and non-diabetic treatment
groups as compared to Day 0 (p <.05). Both diabetic (n=
16 vs 7, p=.04) and non-diabetic (n=7 vs 1, p=.05)
Theruptor group and diabetic Bactigras group (n=15 vs
5, p=.01) showed significant improvement on Day 7
versus Day 0. (Figure 3(e)). Similar results were obtained
for mean erythema scores calculated using erythema
grading scale (p <.05).

Malodor: On Day 3, the number of patients reporting no
malodor significantly increased across all treatment groups
compared to Day 0, in both diabetic (Bactigras: 13 vs 5,
Allevyn: 12 vs 4) and non-diabetic (Theruptor: 15 vs 6,
Bactigras: 13 vs 3, Allevyn: 15 vs 6) patients (p <.05)
except for diabetic Theruptor group (n=10 vs 3, p =.06).
During subsequent visits, a significant increase in the pro-
portion of patients was observed across all the treatment

groups (p <.05) (Figure 3(f)).

Wound Assessment

RYB wound assessment data is given in Supplementary
Table 1. On Day 7, only non-diabetic Allevyn group
showed significant reduction in patients with black
tissue (n=7 vs 0, p=.01) while number of patients
with red tissue significantly increased in diabetic
Allevyn (n=16 vs 25, p=.03). From Day 28 and subse-
quent visits, a significant improvement in tissue type was
observed, with healthy red tissue progressively replacing
yellow and black tissues across all treatment groups (p <
.05). On comparing diabetic and non-diabetic Theruptor
with Bactigras and Allevyn groups, no significant differ-
ences were observed across all time points or wound
tissue color categories (p>.05).

Next, the tissue types in the wound bed were assessed in
terms of pink (epithelial), beefy red granulation, dull red,
friable granulation, yellow, black necrotic, and devitalized.
Notably, no patient had black necrotic or devitalized type
of tissue from any of the groups. Only diabetic Theruptor
group (p=.006) showed significant improvement in the
condition of tissue type in wound bed on Day 7 while non-
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diabetic Theruptor (p =.007) and Allevyn (p =.01) groups
on Day 14 as compared to Day 0. From Day 21 and subse-
quent visits, significant improvement in the condition of
tissue type in wound bed was observed in all other diabetic
and non-diabetic groups (p <.05).

When the condition of the surrounding skin was assessed
by healthy, inflamed skin, macerated, dry and flaky skin, we
observed a significant difference in the number of patients
with dry and flaky skin in diabetic Bactigras versus
Theruptor group (n=5 vs 0, p=.0I) on Day 0. On Day 7
versus Day 0, a significant increase in the number of patients
with healthy skin was observed in diabetic (n=10vs 2, p=
.02) and non-diabetic (n=9 vs 5, p=.02) Allevyn groups
and a decrease in patients with macerated skin in diabetic

Allevyn group (n=4 vs 12, p=.04). When maceration
was scored independently, a significant reduction in the
mean maceration score was observed in the diabetic
Bactigras group only on Day 3 versus Day 0 (0.64 +0.95
versus 0.86 +1.01, p=.03). From Day 21 and subsequent
visits, a significant increase in number of patients with
healthy skin and a reduction in mean maceration score in
diabetics and non-diabetics treatment groups was observed
(p <.05).

Overall, diabetic and non-diabetic Theruptor, Bactigras
and Allevyn groups showed comparable results in terms
of condition of the surrounding skin, types of tissue in
wound bed, and RYB wound assessment at all time points
during the follow up visits (p>.05).
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Exudate Management and Wound Bleeding

On Day 3, the mean exudate management scores were sig-
nificantly reduced in non-diabetic Bactigras (1.87 +£0.92 vs
2.16+0.93, p=.004) and Allevyn (2.14+0.99 vs 2.38 +
0.9, p=.03) groups and bleeding scores in diabetic (1.21
+0.83 vs 1.5+1.04, p=.04) and non-diabetic (1.77 +
0.96 vs 2.03 £ 1.05, p=.008) Bactigras, and non-diabetic
Theruptor (1.86 +1.03 vs 2 + 1.04, p =.04) groups as com-
pared to Day 0. At subsequent visits (Days 7, 14, 21, 28, 42,
and 56), exudate and wound bleeding scores were signifi-
cantly decreased in both diabetic and non-diabetic patients
across all treatment groups (p <.00/), as shown in
Figure 4(a and b). However, the mean exudate and wound
bleeding scores were comparable among diabetic and non-
diabetic treatment groups at any time period (p >.05).

Wound QoL Score

Wound QoL score comprises of 17 questions related to
body, psyche, everyday life, and overall quality of life that

are rated from O (not at all) to 4 (very much). A significant
improvement in the mean QoL score was observed on Day 7
and subsequent visit as compared to Day 3 in all the diabetic
and non-diabetic treatment groups. However, no significant
difference was observed when all three treatment groups
were compared (p>.05) (Figure 4(c)).

Cardiff Wound Impact Questionnaire/ Completely
Healed Wounds

When the data was compared using the Cardiff wound
impact questionnaire, two patients were healed on Day 7
in diabetic Theruptor and non-diabetic Allevyn groups (n
=1 patient each). On Day 21 or Week 3, both diabetic (n
=5 vs 0, p=.05) and non-diabetic (n=5 vs 0, p=.05)
Theruptor, diabetic Bactigras (n=>5 vs 0, p =.05), and non-
diabetic Allevyn (n=15 vs 0, p =.05) groups showed signif-
icant increase in patients with healed wounds as compared
to Day 3. In total, 55 patients in diabetic (Theruptor: 18,
Bactigras: 16, and Allevyn: 21) and 62 patients in non-
diabetic (Theruptor: 23, Bactigras: 19, and Allevyn: 20)
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groups had completely healed wounds (Figure 4(d)).
However, no significant difference was observed when all
three treatment groups were compared (p>.05).

Product Performance Analysis

The product performance analysis results are shown in
Table 3. In the diabetic Theruptor group (n=33), the
number of patients reporting the dressing as comfortable
to wear was significantly higher as compared to those in
the Bactigras (n=24, p=.004) and Allevyn groups (n=
25, p=.02) while non-significant in non-diabetic groups.
The number of diabetic patients reporting “no pain”
during dressing application was statistically similar
between the Theruptor (n=22), Allevyn (n=15), and
Bactigras (n=16) group (p>.05) while significantly
higher for dressing removal in Theruptor versus Bactigras
(n=30 vs 20, p=.02). In non-diabetic patients, the
number of patients reporting “no pain” during application
and removal was significantly higher in the Theruptor
group (n=26 and 28) than in the Bactigras (n=18 and
20, p=.04) and Allevyn groups (n=12, p=.001 and n=
16, p =.005).

However, the number of diabetic and non-diabetic
patients reporting dressings were easy to apply, no discolor-
ation in the surrounding skin of the wound, patient satisfac-
tion with the exudate and leakage handling of the dressings,
mean number of dressing changes, and mean wear time of
dressing was statistically similar across the three groups (p
>.05).

Macroscopic Fibres

No macroscopic fibers were visible on wound bed after
removal of the dressing on any of the patients during their
study visits.

Adverse Events

No adverse events were reported in any of the treatment
groups throughout the study period.

Discussion

Chronic wounds are commonly associated with high mor-
bidity and negative impact on patients’ quality of life.*!
Modern advanced dressings with adapted properties are
employed as part of the standard of care to provide protec-
tion and optimal healing environment.'® The findings of the
study provide important insights into the comparative safety
and effectiveness of these dressings in terms of wound
healing, microbial load reduction, and clinical symptom
management.

The present study included a diverse patient population
with no significant differences in baseline characteristics,
including age, height, weight, and gender distribution
between the treatment groups. In our study, we observed
that the number of females recruited exceeded that of
males in each group. Popescu et al (2023) mentioned that
chronic wounds are more prevalent among women than
men,’ aligning with our data.

Further, our results demonstrated that all three Theruptor,
Bactigras and Allevyn dressings were equally effective in
reducing wound area in chronic wounds, suggesting their
potential to promote healing. The median healing time
ranged between 6 to 8 weeks. In a study, Rodrigues et al
(2024) assessed the efficacy of Healthium Theruptor, 3 M
Tegaderm and Plain Gauze dressings in wound healing in
abdominal and joint surgeries and suggested seven weeks
of median healing time,'* similar to our findings. In
another study, Liang et al (2024) showed a good therapeutic
effect of silver-based dressings on chronic wound healing.**
Both studies are in concordance with our findings that
emphasized the role of modern dressings in chronic
wound healing.

Bacterial load reduction was another key outcome, with
all treatment groups showing a gradual decrease in bacterial
presence and colony counts from Day 0 to Day 56. The
DTAC antimicrobial technology of Theruptor, silver-
impregnated Allevyn, and chlorhexidine-incorporated
Bactigras dressing actively exhibited antimicrobial proper-
ties and effectively reduce bacterial infection. Szweda
et al (2018) compared the antimicrobial activity of commer-
cially available wound dressing materials such as silver,
chlorhexidine acetate, povidone-iodine, and manuka
honey against Escherichia coli and Staphylococcus epider-
midis and found it effective in eliminating them.”*> In
another study, Palvik et al (2019) assessed the antimicrobial
and antiprotease ability of chlorhexidine, silver, and octeni-
dine against Staphylococcus aureus, Pseudomonas aerugi-
nosa, Serratia liquefaciens, and Serratia marcescens and
found them effective as antimicrobial dressings.>* In accor-
dance with these studies, we observed a reduction in these
targeted microorganisms in our study.

Further, wound assessment using the RYB classification
system, tissue type on wound bed site, and condition of the
surrounding skin showed a progressive shift towards
healthy tissue types with all the three dressings i.e,
Theruptor, Bactigras, and Allevyn groups. These dressings
demonstrated significant tissue regeneration from yellow
and black necrotic tissue to healthy red tissue from Day
14 onwards, inferring the importance of selecting appropri-
ate dressings that promote granulation tissue formation and
prevent further tissue necrosis. In a study, Wang et al (2022)
studied the repairing effects of silver-containing dressings
on chronic refractory wounds and concluded that silver-
containing dressings effectively promote wound healing
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Moreover, the study involved multiple follow-up assess-
ments over time, we did not apply repeated measures statis-
tical techniques such as generalized estimating equations
(GEE) or mixed-effects models. Instead, non-parametric
tests were used for comparisons at individual time points
due to the non-normal distribution and ordinal nature of
several outcome variables. This approach does not fully
account for intra-subject correlations or time-dependent
effects. Lastly, this study did not include multivariate anal-
yses (eg, logistic regression or multiple linear regression) to
control for potential confounding factors such as age, sex,
comorbidities, or baseline wound size. Such analysis
would have shifted our focus from comparative clinical per-
formance of the dressings to determining predictive factors
in wound healing process. The absence of such analysis may
limit the overall statistical robustness.

Conclusion

Conclusively, Theruptor, Bactigras, and Allevyn wound
dressings are safe and effective treatment options for
chronic wound management in both diabetic and non-
diabetic patients. Theruptor demonstrated better product
performance in terms of the application and removal of
the dressing compared to Bactigras, and Allevyn. Overall,
all three dressings show comparable safety and efficacy in
promoting wound healing and are suitable alternatives
depending on patient-specific needs.
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