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Copper dressings were shown to help stalled chronic wounds progress towards
wound healing by supporting autolytic debridement, rapid removal of devitalized

tissue, strong granulation and tissue formation. The case series supports the use of
copper dressings as a tissue-sparing, biologically active wound care strategy that
may reduce the need for more aggressive debridement approaches.

Across eight representative cases, the authors
reported rapid and consistent removal of
necrotic and devitalized tissue, followed by
robust granulation tissue formation and
progressive wound closure.

This retrospective case series evaluated
the use of copper oxide-impregnated
wound dressings in patients with
complex, hard-to-heal chronic wounds.

The patients had significant
comorbidities, including venous disease,
lymphedema, peripheral arterial disease,
cardiovascular disorders, and prior
unsuccessful debridement.

Effective autolytic debridement occurred
without adjunctive enzymatic agents or
aggressive sharp or surgical debridement.

The authors propose that copper dressings
may help disrupt the chronic inflammatory
cycle by creating an antimicrobial, moisture-
balanced, and biologically active wound
environment.

The wounds were treated exclusively
with copper dressings and followed for
up to 12 weeks or until complete healing.

“Copper Dressings represent an effective, tissue-sparing
strategy for stimulating autolytic debridement, enabling

stalled wounds to progress toward healing...”

Borkow, G.; Karpeniuk, S. Breaking the chronic wound inflammatory cycle by Copper
Dressingsenabling progression towards wound healing. Medical Research Archives, 14(2),
February 2026. https://doi.org/10.18103/mra.v14i2.7294

Read the full paper online: https://esmed.org/MRA/mra/article/view/7294

I MEDCu



https://doi.org/10.18103/mra.v14i2.7294
https://esmed.org/MRA/mra/article/view/7294

LN ]
L -
.I .I
5 @
L ..
o, e

s
L
[ W}

Breaking thechronic woundinflammatory cycle by Copper Dressing

THE EUROPEAN SOCIETY OF MEDICINE
MedicalResearchArchives,Volume14lssue3

enabling progression towards wound healing

Sergii Karpeniuk1 and Gadi Borkow2,3*

'Department of Surgery No.1,

Urology, Minimally Invasive
Surgery, l. Horbachevsky
Ternopil National Medical

University, 46011 Ternopil,
UaBiein Research Institute, The

Dead-Sea & Arava Science Center,

Masada 8693500, Israel; and

MedCu Technologies Ltd., Herzliya

4672200, Israel

*gadib@medcu.com

@ OPEN ACCESS

PUBLISHED
31 March 2026

CITATION
Karpeniuk, S. and Borkow, G.,

2026. Breaking the chronic wound

inflammatory cycle by Copper
Dressings enabling progression

towards wound healing. Medical
Research Archives, [online] 14(3).

COPYRIGHT
© 2026 European Society of
Medicine. This is an open- access

the .
griicle distriputed under  ons

Attribution License, which permits

unrestricted use, distribution, and
reproduction in any medium,
provided the original author and
source are credited.

ISSN
2375-1924

ABSTRACT

Background: Hard-to-heal wounds pose a major challenge, as many fail
to progress through the normal stages of healing and instead heal very
slowly or remain persistently “stalled” despite standard interventions.
An essential early step in chronic wound management is the removal of
devitalized tissue, which is often associated with biofilm, in order to
enable subsequent phases

of wound healing. This is conventionally achieved through enzymatic,
sharp, or

surgical debridement. However, these approaches may damage viable
tissue,

cause pain, local irritation, or bleeding, and frequently do not result in
sustained wound healing progression.

Aim: To evaluate the effectiveness of copper oxide-impregnated wound
dressings (Copper Dressings) as an optimal autolytic debridement
strategy for promoting healing of devitalized chronic wounds.

Methods: Venous leg ulcers (VLUs) and mixed leg ulcers associated
with secondary lymphedema, post-thrombotic syndrome (PST), and
peripheral arterial disease (PAD) were treated exclusively with
Copper Dressings in

combination with compression therapy. The patients presented with
complex

comorbidities, including cardiovascular disease, obesity, skin cancer,
Raynaud syndrome, calf pump dysfunction, and prior unsuccessful
debridement. All cases were followed until complete wound bed
granulation or full wound closure.

Results: Across eight out patient representative cases, rapid and
consistent removal of necrotic and devitalized tissue was observed,
followed by robust granulation tissue formation and progressive wound
closure. Effective autolytic debridement occurred without the use of
adjunctive enzymatic agents, other nonsurgical techniques, or
aggressive sharp debridement.

Conclusions: This retrospective case series suggests that Copper
Dressings promote autolytic debridement by establishing an
antimicrobial, moisture - balanced, and biologically active wound
environment. Proposed mechanisms
include broad-spectrum antimicrobial
optimization

of wound moisture through high vapor permeability, modulation of
inflammation and protease activity via copper-mediated macrophage
polarization, and enhanced extracellular matrix stabilization through
Copidt European Society of Medicine 1

dependent lysyl oxidase activity. Collectively, these effects may help

and anti-biofilm activity,


mailto:gadib@medcu.com
mailto:gadib@medcu.com

Introduction

sgndfiecsheal wounds represent a

healthcare challenge, as millions of individuals
suffer from them. For example, in the USA alone,
~2.5% of the population suffer from a chronic
wound’. Inflammatory disorders, neurological,
hematologic, and other metabolic diseases can
cause chronicity of wounds and prevent healing.
With the increase of worldwide aging population
and diabetes, this problem is causing a huge
burden on the healthcare systems?. The vast
majority of the chronic wounds have biofilm, which
further prevents wound healing®. The devitalised
tissue in a wound delays wound healing, as it stops
the generation of granulation tissue and serves as

chronic wounds, autolytic debridement does not
occur, due to dysregulation of these systems*>?,

Copper is an essential trace element involved in
numerous physiological processes across body
tissues, including the skin®. Many tightly regulated
wound-healing mechanisms depend on copper’.
It supports platelet-derived growth factor (PDGF)
ﬁgﬁmt*esduring hemostasis and

angiogenesis through key mediators such as
vascular endothelial growth factor (VEGF) and
angiogenin during the proliferative phase. Copper
also stimulates dermal fibroblasts to produce
collagen (types I, lll, and V), elastin, fibrillins, and
HSP-47, contributing to ECM formation and

a source for bacterial growth®. A critical first step ofremodeling™.

chronic wound management is the removal of
devitalized or necrotic tissue from the wound bed
to allow the reconstruction of the extracellular
matrix (ECM) and regeneration of new tissues®.

Debridement is a key component of the TIME
framework, directly affecting not only the wound
bed but also the wound edges and periwound skin.
By removing nonviable tissue and reducing
inflammation, it promotes wound progression and
ultimately contributes to improved patient quality
of life®. Initial and repeated debridement—whether
Et'l?!cﬁga'\falér nons“rgi.cal (autolytic,

enzZymatic, or mechanical)—is a cornerstone of
hard-to-heal wound management. Because biofilm
formation, biochemical imbalances, and persistent
cellular burden can impair healing, ongoing
maintenance debridement is often required
throughout the wound-healing process’.

There are several methods to actively debride
devitalized tissue, such as by sharp or surgical
removal of the necrotic tissue®. The choice of
technique depends on tissue type of the wound
bed, level of its humidity and patient related
factors®. However, these interventions require
specific skills and in many cases result also in
damage of the healthy tissue® or can not proceed
due to wound localization, wound size or patient
related factors. In contrast, autolytic debridement
relies on the body’s own enzymes, especially
properly regulated matrix metalloproteinases
(MMPs), activated phagocytes and moisture
balance to break down necrotic tissue, without
damaging healthy tissue®’. Nevertheless, in

In addition, copper serves as a cofactor for lysyl
oxidase (LOX), enabling effective cross-linking of
collagen and elastin and stabilizing the newly
formed ECM. Copper modulates keratinocyte
integrins during remodeling and influences protease
activity, including MMPs and neutrophil elastase,
which are critical for controlled tissue turnover™.
Copper has also been shown to directly stimulate

th ti f MMP-1 at t tein, mRNA, and
romotet .'°|'g]‘7e|'¥,' indﬁzatpnegpro e m an

Erencristion

Dressings containing copper oxide
microparticles (hereafter referred as Copper
Dressings) are in clinical use since 2019, These
Hﬁ?ﬂﬁg@“ﬁmgg’i'ﬂillPrﬂ&?ﬁéﬁggni?ﬂd even
when they are protected by biofilm".
Importantly, the copper ions, which are
constantly and stably released from the Copper
Dressings at ppm levels, stimulate wound
healing processes. This was demonstrated in
animal models®, human explant studies’*?°, and
in non- infected chronic diabetic wounds®'?%,
venous ulcers®®, and other hard-to-heal
wounds??, In the current study we analyzed
the capacity of the Copper Dressings combined
with compression therapy as a standart of care
to stimulate autolytic debridement in hard-to
heal wounds that did not respond to previous
standard of care (SOC) treatments, “stagnated”
in a non-responsive condition, with significant
slough and necrotic tissue. We describe clinical
cases in which the capacity of the Copper
Dressings to highly and efficiently stimulate
autolytic debridement releases the wounds

© 2026 European Socief§%mbgii&r;’e5tu‘:k" condition allowing



them to heal. We also have showed the
evolution of wound bed, inflammation and
infection control, moisture balance and the
quality of wound edges and periwound skin in
patients using Copper Dressings and
compression therapy. We discuss the potential
mechanisms of autolytic = debridement
stimulation by the Copper Dressings.

Methods

Ambolutary patients, with chronic wounds
(present between 2 months to 15 years) that
did not respond favourably to previous
standard to care treatments that were stuck at
the inflammatory wound healing stage with
necrotic tissue, were included in the study after
signing informed consent. Following Copper
Dressings wound management, the patients
were observed until complete debridement and
wound bed granulation or complete healing.
No pharmacological agents, other medical
products, nutritional supplements or any other
auxiliary = procedures  (oxygen therapy,
benfhatied draiiadiologhGltherapy, etc.) were
endocrinological, nephrological or any other
support was carried out by a related specialist
according to the indications. The ulcers
condition and size were evaluated according to
the TIME-concept’ at all visits. Toe Brachial
Pressure Index (TBPI) was determined for all
patients. All patients were treated exclusively
with Copper Dressings combining with a multi-
component (rest and active) elastic bandage
from the distal parts of the foot to the knee.
fhelitatilayedompositapplicshtiorthe technique,
quantitative and bandage components and the
level of compression were determined
according to the configuration of the limb, its
circumference, the patient's movement
mode and were selected in each
individually.

During follow-up visits, dressings were changed
three times per week during the initial phase of
treatment, decreasing to twice weekly in the

case

later

stages, except in one case involving a severely
necrotic wound bed that required more
frequent

changes. The frequency of dressing chabtivitgs
wdgvalking and rest), nutritional status, smoking

Habérsninetioblyertharilshviels tifatxwiditep enidividiy or

typegdtively influence wound healing were not
tissue present in the wound bed.

systematically monitored due to the
ambulatory nature of care. Wound bed
evolution and condition was monitored by
using WoundDoc software (Dalian Orientech
Co.) in a 2D mode on each dressing change.

R e sults

Witloss eight outpatients (ages 27-82)

complex, long-standing lower-extremity wounds,
Copper Dressings were associated with rapid and
consistent clinical improvement. The cohort
included individuals with VLUs and mixed leg
ulcers due to secondary lymphedema, PTS, PAD
with complex comorbidities such as obesity, skin
cancer, Reynolds syndrome, calf pump disfunction,
prior failed autodermoplasty, and significant
cardiovascular comorbidities. Wound duration
prior to copper treatment ranged from 2 months to
15 years, and many wounds were characterized by
extensive necrotic or devitalized tissue and had
failed previous therapies.

Following initiation of copper dressings, a rapid
reduction in necrotic and devitalized tissue was
typically observed within the first few days. This was
consistently followed by the development of healthy
granulation tissue and progressive improvement of
the wound bed. In several cases, marked wound
reduction occurred within weeks, including near-
complete closure (96.7% reduction by day 56) and
full healing by day 47 in one patient. Even among
patients with impaired perfusion (e.g., low TBPI) or
significant systemic comorbidities, the dressings
were associated with effective clearance of necrotic
tissue, stimulation of granulation, and steady
progression toward healing, including improvement
of the wound edges and periwound skin.

A clear reduction in local inflammation and
improved moisture balance was observed. Until
complete and effective debridement was achieved,
dressing changes were simple and rapid, requiring
no additional manipulation of the wound bed
beyond routine replacement. No adverse events
occurred, even under high-level compression
therapy. There were no cases of maceration or skin
irritation, and pain levels decreased as wound
healing progressed.

A detailed description of each case is hereby
provided:

© 2026 European Society of Medicine 3
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Breaking the chronic wound inflammatory cycle by Copper Dressings enabling progression towards wound healing

CASE #1:
A 43-years old female patient, suffering from
Post- Thrombotic Syndrome (PST) and

secondary lymphedema, had a 30.59 cm?
"stuck” venous ulcer for 6 months, with plenty
of devitalised tissue (Figure 1A) when the
Copper Dressings wound

management started. Shortly after the
devitalised tissue was replaced by granulation
tissue (Figure 1C) and after 56 days of Copper
Dressings wound management, the wound size
was reduced by 96.7% (Figure 1K) as measured
by WoundDoc software (Dalian Orientech Co.).

Figure 1. A. Wound condition after 6 months of treatment, when the application of the Copper Dressings was initiated. The wound
condition after 2 (B), 9 (C), 11 (D & E), 18 (F & G), 35 (H), and 56 (l) days of Copper Dressings management. The wound was almost

completely closed at Day 56, with 96.7% wound size reduction as compared to Day 0 (L and K).

CASE #2

An 82-years old female patient, suffering from
secondary lymphedema and skin cancer, had a
large wound spread from below the right knee
throughout her lower leg and top of the foot
(Figure 2A) for 9 months. After 9 days of
Copper Dressings

wound management, the devitalised tissue was
replaced by granulation tissue (Figure 2B). The
wound continued to improve as can seen after
27 days (Figure 2C). Skin cancer area was
revealed after debridement.

Figure 2. A. Wound condition after 9 months of treatment, when the application of the Copper Dressings was initiated. B.
Wound condition after 9 days of Copper Dressings management. All devitalized tissue disappeared and the wound was filled
with granulation tissue. C. The wound condition after 27 days of Copper Dressings management.

© 2026 European Society of Medicine 4



Breaking the chronic wound inflammatory cycle by Copper Dressings enabling progression towards wound healing

CASE #3
A 49-years old female patient, suffering from
secondary lymphedema, obesity and several
unsuccessful autodermoplasty, had a large
venous leg ulcer in each leg (Figures 3A) for 5
years, despite positive pedis pulse palpation,
when Copper

Dressings wound management was initiated.
Shortly after, the devitalised tissue was
replaced by granulation tissue in both wounds
(Figure 3B) and after 14 days the wound bed
was filled with healthy granulation tissue
(Figure 3C).

I " 2
Figure 3. A. Wounds condition after 5 years of previous unsuccessful treatment, when the application of the Copper
Dressings was initiated. B. Wounds condition after 9 days of Copper Dressings management. Devitalized tissue disappeared
and the wound started to be filled with granulation tissue. C. The wound condition after 14 days of Copper Dressings
management - the wound beds were full with healthy granulation tissue.

CASE #4 tissue started to disappear. This process

A 72-years old female patient, suffering from continued (Figures 4C-4G) as the wound healing
pswopdary lymphedema and calf progressed, achieving full wound healing at 47
dysfunction, with reported PTS 6 years earlier, had days (Figure 4H) of Copper Dressings wound
a large venous leg ulcer for 3 months (Figures 4A) management. The comparison of the initial
prior to the Copper Dressings wound management wound condition and after 47 days of Copper
initiation. Two days (Figure 4B) following the Dressings wound management can be seen in

Copper Dressings application, already devitalised the enlargements of the wounds in Figures 4A
and 4H.

o

Figure 4. A. Start of the Copper Dressings wound management. B. Devitalisd tissue started to disappearalready after 2 days of

treatment. Wound conditioncontinuedto improve untilfullwound healingwas achievedatDay 47.

CASE #5

A 27-years old male patient, suffering from
secondary lymphedema, Raynaud syndrome
and several unsuccessful autodermoplasty, calf
pump dysfunction, and despite positive pedis
pulse palpation, had a large venous leg ulcer
for 8 years

(Figures 5A) prior to the CopperDressings wound
management initiation. The necrotic and
devitalised tissue was then afterreplaced with
granulation tissue as seen after16(Figure 5B), 32
(Figure 5C) and 51 (Figure 5D)daysof the Copper
Dressings application.

© 2026 European Society of Medicine 5



Breaking the chronic wound inflammatory cycle by Copper Dressings enabling progression towards wound healing

Figure 5. A. Copper Dressings wound management initiation. Pictures taken from two different angles.The necrotic and devitalised
tissue was replaced with granulation tissue as seen after 16 (B), 32 (C) and 51 (D) days of the CopperDressings application.

CASE #6

A 59-years old female patient, suffering from
PTS, with positive pedis pulse palpation, had a
venous leg ulcer for 1 year (Figures 6A) prior to
the Copper Dressings wound management

necrotic and devitalisedtissue, especially in the
periwound, disappearedand was replaced with
granulation tissue as seenafter 14 days (Figure
6B) and 29 days (Figure 6C)of Copper
Dressings application.

initiation. The

Figure 6. A. Commencement of the Copper Dressings treatment of the venous leg ulcer, present for 1 year. B. Wound condition
after 14 days. The surrounding necrotic tissue disappeared and the wound bed was filled with granulation tissue. C. The wound k
was filled with healthy looking granulation tissue and the wound size was significantly reduced at Day 29 of the Copper Dressing
wound management.

CASE #7

A 59-years old female patient, suffering from on duplex examination of the lower
moderate extremities. Following the application of
pefsicianl Wreahedasvaso ARy, had a mix leg Copper Dressings, the necrotic tissue

disappeared as seen 7 days later (Figure 7B)
and was replaced with granulation tissue
(Figure 7C) as seen 18 days after the

ulcer for 15 years (Figures 7A). The TBPI was 0.5
with atherosclerosis process in the arteries, based

commencement of the Copper Dressings

K a 3 t’ v. ;

Figure 7. A. Wound condition at the start of treatment. B. Wound condition after 7 days of Copper Dressings wound
management. The necrotic tissue disappeared. C. Day 18 - the devitalized tissue in the wound bed was almost completely
replaced with granulation tissue. Enlargements of the wounds are shown in Figures 7A-C.

© 2026 European Society of Medicine 6



CASE #8

A 62-years old male patient, suffering from
secondary lymphedema, 2 prior heart attacks,
two cardio stents, arrhythmia, dilated
cardiomyopathy, a Left Ventricular Ejection
Fraction of 30%, a TBPI of 0.75, and a pulse
wave of 90 mmHg, suffered from skin necrosis
and a wound in the posterior part of the leg for
2 months (Figure 8A). Prior to the initiation of
the Copper Dressings treatment, the necrotic
tissue was removed surgically (Figure 8B).

However, AP

.
iB

the necrotic tissue at the edges of the wound
were not removed, in order not to potentially
damage healthy tissue (Figure 8B). The Copper
Dressings were then applied (Figure 8C). After
2 days, the devitalised tissue was significantly
reduced (Figure 8D). The reduction of
devitalised tissue and appearance of
granulation tissue continued as documented on
Days 6 (Figure 8E), 13 (Figure 8F), 22 (Figure
8G), 34 (Figure 8H), and 40 (Figure 8l) with the
disappearance of the surrounding necrotic

-

Figure 8. A. Wound condition at the start of treatment. B. Necrotic tissue was removed surgically without reaching the edges
of the wound. C. The Copper Dressings wound management was then commenced. The remaining necrotic tissue at the
wound edges gradually disappeared in parallel to the appearance of granulation tissue throughout the wound bed, which

replaced the devitalized
tissues (D-I).

D i scussion

Chronic wounds may persist for years, imposing
substantial physical and psychological burdens on
patients and generating significant healthcare
costs?. They are typically characterized by persisten
inflammation and the presence of devitalized and
necrotic tissue. Standard management therefore
begins with tissue removal, most commonly
through surgical or enzymatic debridement*>.
However, these approaches do not always succeed
in resolving the chronic inflammatory state and may
inadvertently damage viable tissue, thereby
impeding healing progression?”:,

In the present case series, we aimed to evaluate

whether Copper Dressings can enhance healing of
gmgwiic wounds by stimulating
drhridement, without the need for

debridement techniques. Given that the goal is to
reduce the wound area as quickly as possible, high-
quality debridement must be performed as
promptly as possible. Debridement and wound
healing are continuous, dynamic processes that
evolve constantly. Therefore, the most effective,
patient-friendly, and cost-efficient debridement

techniques should be employed throughout the
entire course—from initial treatment to
complete wound closure.

é\s we have shown in the 8 cases presented in
this article, the application of Copper Dressings
in hard-to-heal devitalized chronic wounds
resulted in the “release” of the wound healing
"stalled” condition and allowed the wounds to
progress

towards healing. All the wounds treated were
stalled in the inflammatory phase, in which the

presence of devitalized and necrotic tissues,
and

most probably biofilm, prevented the wounds
to

progress towards the proliferative wound
healing

stage. Based on previous observations,
including a
case in which the application of Copper

Dressings

healed an anterior ankle full thickness skin
necrosis

wound without any other debridement?, we
decided to manage these wounds with Copper

© 2026 European SocieDressindsinEaken together, it is clear that the7
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Since the Copper Dressings do not have a
direct enzymatic activity (e.g. collagenase
activity), it is therefore clear that the Copper
Dressings stimulate the autolytic debridement
natural physiological process in these chronic
wounds, allowing them to "exit” the “stuck”
state in which they are found and allowing for
the wound healing processes to advance.

The enhancement of the autolytic debridement
process by Copper Dressings probably occurs
through several parallel mechanisms (Figure 9).
Firstly, the dressings have potent biocidal

properties including against biofilm'®'’. The
broad- spectrum antimicrobial activity and anti-
biofilm property of the dressings support
autolysis by reducing the microbial and biofilm
burden, known to impaire protease activity in
chronic wounds®. These activities continue
throughout the wound management with the
Copper Dressings, preventing repeated wound
colonization and biofilm formation, allowing the
wound to continue the healing process.

Copper Dressing

@ @ : = moisture-balanced
environment M1 M2

Bacterial & Biofilm Reduction

Protease Regulation

P

e

. Autolylic Debridement

.\Debn’s P Brealtdawv‘ Lysyl Oxidase Activation

Modulation of Inflammation
! 0} -y u@}
Pro-Inflammatory Pro-Healing

Macrophage Polarization

ECM Stabilization

Disruption of Chronic Inflammatory Cycle =p Healing

Figure9.ProposedmechanismsofdisruptionofthechronicinflammatorycycleofchronicwoundsbytheCopperDressings.

Secondly, the Copper Dressings create an
optimal moisture environment in the wound
bed. Moisture balance is a well-established
seqjolyeisérit. fihis is achieved by the high-
permeability of the Copper Dressings,
determined by their high Moisture Vapor
Transmission Rate (MVTR) of 4000-5000
g/m2/24 h (= 4-5.8 x 10-2 L/m?/s; unpublished
data). High MVTR maintains optimal
moisture®*2, In addition, the Copper Dressings
absorption is vertical®®>. Thus, as long as the
dressing is not completely full with wound
exudate, the wound exudate and moisture is
removed from the wound bed without causing
maceration, which is ideal for autolytic
conditions.

Thirdly, the copper ions released from the
Copper Dressings stimulate key physiological
processes that enhance autolytic debridement.
Copper ions

promote the transition of macro 5
Dro-

ages

phenotype®:. M2macrophagessecretetissue
inhibitors of metalloproteinases (TIMPs)and
reduce expressionofinflammatorycytokines(e.g.,
TNF-q, IL-133) thatdriveexcessiveMMP-2and
MMP-9 productioninchronicwounds?**.MMPsare
central regulatorsoftheinflammatoryphaseof
wound healing®®.Forexample,elevatedlevelsof
MMP-9 are stronglyassociatedwithvenousleg
ulcers chronicity®*.Notably,copperhasbeenshown
to selectively enhanceMMP-1activitywithout
increasing MMP-2andMMP-9levels'.MMP-1,the
most widely expressedinterstitial collagenase,
initiates ECM remodelingbycleavingcollagenand
other substrates®”%.ByrebalancingtheMMP/TIMP
ratio, copper helpspreventdestructiveproteolysis
while preservingearly-phaseenzymaticactivity
required for autolysis**.Thus,acentraleffectofthe
copper ions is the modulation of chronic
inflammation, creating a microenvironment
conducive to woundprogression.

226 Eu UrERS naSociety of Medicine 8



Copper is also essential for ECM rebuilding
through its role as a mandatory cofactor for lysyl
oxidase (LOX)*, the enzyme responsible for
crosslinking collagen and elastin. LOX-mediated
crosslinking strengthens newly formed ECM and
shifts the wound from a degradation-dominated
state toward structural stability*
reduces LOX activity and collagen deposition??,
while Copper Dressings increase collagen
synthesis and deposition'?. Enhanced ECM

integrity indirectly downregulates excessive MMP

activity, as unstable ECM typically upregulates
protease release in chronic non-healing wounds*.
Copper also stabilizes HIF-1a and increases VEGF
expression'®*, supporting angiogenesis and
enhancing oxygen and nutrient delivery—
conditions that normalize protease function**4¢,

An additional important advantage of the
Copper Dressings through their ability to ’kick-
start’ the wound-healing process by promoting
autolytic debridement, is that they can
eliminate the need for alternative debridement
methods that may adversely affect healthy
tissue or damage regenerating structures, as
may occur with more aggressive approaches
such as surgical, enzymatic or sharp
debridement. The findings of this case

are in
15,23,26,47

series agreement with previous
reports showing fast production of
granulation tissue and wound closure in hard to
heal wounds.

C on clusions
Copper Dressings contribute to “un-stalling” the

1 . o
- Copper deficiency wound chronicity by creating an antimicrobial,

moist, pro-healing environment that helps break
the chronic inflammatory cycle, enabling subsequent

progression towards tissue repair. Copper
Dressings represent an effective, tissue-sparing

strategy for stimulating autolytic debridement,
enabling stalled chronic wounds to progress

toward healing while potentially reducing the need
for aggressive debridement techniques.
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	Breaking the chronic wound inflammatory cycle by Copper Dressingsenabling progression towards wound healing
	Published Feburary 2026
	Copper dressings were shown to help stalled chronic wounds progress towards wound healing by supporting autolytic debridement, rapid removal of devitalized tissue, strong granulation and tissue formation. The case series supports the use of copper dressings as a tissue-sparing, biologically active wound care strategy that may reduce the need for more aggressive debridement approaches.
	This retrospective case series evaluated the use of copper oxide-impregnated wound dressings in patients with complex, hard-to-heal chronic wounds.
	The patients had significant comorbidities, including venous disease, lymphedema, peripheral arterial disease, cardiovascular disorders, and prior unsuccessful debridement.
	The wounds were treated exclusively with copper dressings and followed for up to 12 weeks or until complete healing.
	Across eight representative cases, the authors reported rapid and consistent removal of necrotic and devitalized tissue, followed by robust granulation tissue formation and progressive wound closure.
	Effective autolytic debridement occurred without adjunctive enzymatic agents or aggressive sharp or surgical debridement.
	The authors propose that copper dressings may help disrupt the chronic inflammatory cycle by creating an antimicrobial, moisture-balanced, and biologically active wound environment.
	“Copper Dressings represent an effective, tissue-sparing strategy for stimulating autolytic debridement, enabling stalled wounds to progress toward healing…”
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	chronic wounds, autolytic debridement does not occur, due to dysregulation of these systems4,5,9.
	Copper is an essential trace element involved in numerous physiological processes across body tissues, including the skin10. Many tightly regulated wound-healing mechanisms depend on copper11. It supports platelet-derived growth factor (PDGF) promotes angiogenesis through key mediators such as vascular endothelial growth factor (VEGF) and angiogenin during the proliferative phase. Copper also stimulates dermal fibroblasts to produce collagen (types I, III, and V), elastin, fibrillins, and HSP-47, contributing to ECM formation and remodeling12.
	In addition, copper serves as a cofactor for lysyl oxidase (LOX), enabling effective cross-linking of collagen and elastin and stabilizing the newly formed ECM. Copper modulates keratinocyte integrins during remodeling and influences protease activity, including MMPs and neutrophil elastase, which are critical for controlled tissue turnover13. Copper has also been shown to directly stimulate the secretion of MMP-1 at the protein, mRNA, and transcriptional
	activity
	during
	hemostasis
	and
	Introduction  Hard-to-heal wounds represent a
	significant healthcare challenge, as millions of individuals suffer from them. For example, in the USA alone, ~2.5% of the population suffer from a chronic wound1. Inflammatory disorders, neurological, hematologic, and other metabolic diseases can cause chronicity of wounds and prevent healing.  With the increase of worldwide aging population  and diabetes, this problem is causing a huge  burden on the healthcare systems2. The vast  majority of the chronic wounds have biofilm, which  further prevents wound healing3. The devitalised  tissue in a wound delays wound healing, as it stops  the generation of granulation tissue and serves as  a source for bacterial growth4. A critical first step of  chronic wound management is the removal of  devitalized or necrotic tissue from the wound bed  to allow the reconstruction of the extracellular  matrix (ECM) and regeneration of new tissues5.
	Debridement is a key component of the TIME framework, directly affecting not only the wound bed but also the wound edges and periwound skin. By removing nonviable tissue and reducing inflammation, it promotes wound progression and ultimately contributes to improved patient quality of life6. Initial and repeated debridement—whether biological, enzymatic, or mechanical)—is a cornerstone of hard-to-heal wound management. Because biofilm formation, biochemical imbalances, and persistent  cellular burden can impair healing, ongoing  maintenance debridement is often required  throughout the wound-healing process7.
	There are several methods to actively debride devitalized tissue, such as by sharp or surgical removal of the necrotic tissue4. The choice of technique depends on tissue type of the wound bed, level of its humidity and patient related factors6. However, these interventions require specific skills and in many cases result also in damage of the healthy tissue4 or can not proceed due to wound localization, wound size or patient related factors. In contrast, autolytic debridement relies on the body’s own enzymes, especially properly regulated matrix metalloproteinases (MMPs), activated phagocytes and moisture balance to break down necrotic tissue, without damaging healthy tissue8,9. Nevertheless, in
	surgical
	or
	nonsurgical
	(autolytic,
	promoter
	levels,
	indicating
	regulation14.
	Dressings containing copper oxide microparticles (hereafter referred as Copper Dressings) are in clinical use since 201915. These dressings possess kill microorganisms even when they are protected by biofilm17. Importantly, the copper ions, which are constantly and stably released from the Copper Dressings at ppm levels, stimulate wound healing processes. This was demonstrated in animal models18, human explant studies19,20, and in non- infected chronic diabetic wounds21,22, venous ulcers23, and other hard-to-heal wounds24-26. In the current study we analyzed the capacity of the Copper Dressings combined with compression therapy as a standart of care to stimulate autolytic debridement in hard-to heal wounds that did not respond to previous standard of care (SOC) treatments, “stagnated” in a non-responsive condition, with significant slough and necrotic tissue. We describe clinical cases in which the capacity of the Copper Dressings to highly and efficiently stimulate autolytic debridement releases the wounds from their “stuck” condition allowing
	potent
	antimicrobial
	properties16
	and
	them to heal. We also have showed the evolution of wound bed, inflammation and infection control, moisture balance and the quality of wound edges and periwound skin in patients using Copper Dressings and compression therapy. We discuss the potential mechanisms of autolytic debridement stimulation by the Copper Dressings.

	Methods
	Ambolutary patients, with chronic wounds (present between 2 months to 15 years) that did not respond favourably to previous standard to care treatments that were stuck at the inflammatory wound healing stage with necrotic tissue, were included in the study after signing informed consent. Following Copper Dressings wound management, the patients were observed until complete debridement and wound bed granulation or complete healing. No pharmacological agents, other medical products, nutritional supplements or any other auxiliary procedures (oxygen therapy, lymphatic drainage, VAC-therapy, etc.) were endocrinological, nephrological or any other support was carried out by a related specialist according to the indications. The ulcers condition and size were evaluated according to the TIME-concept9 at all visits. Toe Brachial Pressure Index (TBPI) was determined for all patients. All patients were treated exclusively with Copper Dressings combining with a multi- component (rest and active) elastic bandage from the distal parts of the foot to the knee. The layering, application technique, quantitative and bandage components and the level of compression were determined according to the configuration of the limb, its circumference, the patient's movement  mode and were selected in each case individually.  During follow-up visits, dressings were changed  three times per week during the initial phase of  treatment, decreasing to twice weekly in the later  stages, except in one case involving a severely  necrotic wound bed that required more frequent  changes. The frequency of dressing changes was  determined by the level of exudate and the type of  tissue present in the wound bed.
	Patient-related factors such as daily
	performed.
	Cardiological,
	qualitative
	composition
	of
	the
	activity  (walking and rest), nutritional status, smoking habits, and other variables that might positively or negatively influence wound healing were not
	systematically monitored due to the ambulatory nature of care. Wound bed evolution and condition was monitored by using WoundDoc software (Dalian Orientech Co.) in a 2D mode on each dressing change.

	R e sults
	with complex, long-standing lower-extremity wounds, Copper Dressings were associated with rapid and consistent clinical improvement. The cohort included individuals with VLUs and mixed leg ulcers due to secondary lymphedema, PTS, PAD with complex comorbidities such as obesity, skin cancer, Reynolds syndrome, calf pump disfunction, prior failed autodermoplasty, and significant cardiovascular comorbidities. Wound duration prior to copper treatment ranged from 2 months to 15 years, and many wounds were characterized by extensive necrotic or devitalized tissue and had failed previous therapies.
	Following initiation of copper dressings, a rapid reduction in necrotic and devitalized tissue was typically observed within the first few days. This was consistently followed by the development of healthy granulation tissue and progressive improvement of the wound bed. In several cases, marked wound reduction occurred within weeks, including near- complete closure (96.7% reduction by day 56) and full healing by day 47 in one patient. Even among patients with impaired perfusion (e.g., low TBPI) or significant systemic comorbidities, the dressings were associated with effective clearance of necrotic tissue, stimulation of granulation, and steady progression toward healing, including improvement of the wound edges and periwound skin.
	A clear reduction in local inflammation and improved moisture balance was observed. Until complete and effective debridement was achieved, dressing changes were simple and rapid, requiring no additional manipulation of the wound bed beyond routine replacement. No adverse events occurred, even under high-level compression therapy. There were no cases of maceration or skin irritation, and pain levels decreased as wound healing progressed.
	A detailed description of each case is hereby provided:
	Across eight
	outpatients
	(ages 27–82)

	CASE #1:  A 43-years old female patient, suffering from Post- Thrombotic Syndrome (PST) and secondary lymphedema, had a 30.59 cm2 “stuck” venous ulcer for 6 months, with plenty of devitalised tissue (Figure 1A) when the Copper Dressings wound
	management started. Shortly after the devitalised tissue was replaced by granulation tissue (Figure 1C) and after 56 days of Copper Dressings wound management, the wound size was reduced by 96.7% (Figure 1K) as measured by WoundDoc software (Dalian Orientech Co.).
	CASE #2  An 82-years old female patient, suffering from secondary lymphedema and skin cancer, had a large wound spread from below the right knee throughout her lower leg and top of the foot (Figure 2A) for 9 months. After 9 days of Copper Dressings
	wound management, the devitalised tissue was replaced by granulation tissue (Figure 2B). The wound continued to improve as can seen after 27 days (Figure 2C). Skin cancer area was revealed after debridement.
	CASE #3  A 49-years old female patient, suffering from secondary lymphedema, obesity and several unsuccessful autodermoplasty, had a large venous leg ulcer in each leg (Figures 3A) for 5 years, despite positive pedis pulse palpation, when Copper
	Dressings wound management was initiated. Shortly after, the devitalised tissue was replaced by granulation tissue in both wounds (Figure 3B) and after 14 days the wound bed was filled with healthy granulation tissue (Figure 3C).
	CASE #4  A 72-years old female patient, suffering from  pump  dysfunction, with reported PTS 6 years earlier, had  a large venous leg ulcer for 3 months (Figures 4A)  prior to the Copper Dressings wound management  initiation. Two days (Figure 4B) following the  Copper Dressings application, already devitalised
	secondary
	lymphedema
	and
	calf
	tissue started to disappear. This process continued (Figures 4C-4G) as the wound healing progressed, achieving full wound healing at 47 days (Figure 4H) of Copper Dressings wound management. The comparison of the initial wound condition and after 47 days of Copper Dressings wound management can be seen in the enlargements of the wounds in Figures 4A and 4H.
	CASE #5  A 27-years old male patient, suffering from secondary lymphedema, Raynaud syndrome and several unsuccessful autodermoplasty, calf pump dysfunction, and despite positive pedis pulse palpation, had a large venous leg ulcer for 8 years
	(Figures 5A) prior to the CopperDressings wound and  devitalised tissue was then afterreplaced with granulation tissue as seen after16(Figure 5B), 32 (Figure 5C) and 51 (Figure 5D)daysof the Copper Dressings application.
	management
	initiation.
	The
	necrotic
	CASE #6  A 59-years old female patient, suffering from PTS, with positive pedis pulse palpation, had a venous leg ulcer for 1 year (Figures 6A) prior to the Copper Dressings wound management initiation. The
	necrotic and devitalisedtissue, especially in the periwound, disappearedand was replaced with granulation tissue as seenafter 14 days (Figure 6B) and 29 days (Figure 6C)of Copper Dressings application.
	secondary lymphedema, obesity,
	on duplex examination of the lower extremities. Following the application of Copper Dressings, the necrotic tissue disappeared as seen 7 days later (Figure 7B) and was replaced with granulation tissue (Figure 7C) as seen 18 days after the commencement of the Copper Dressings wound management.
	CASE #8  A 62-years old male patient, suffering from secondary lymphedema, 2 prior heart attacks, two cardio stents, arrhythmia, dilated cardiomyopathy, a Left Ventricular Ejection Fraction of 30%, a TBPI of 0.75, and a pulse wave of 90 mmHg, suffered from skin necrosis and a wound in the posterior part of the leg for 2 months (Figure 8A). Prior to the initiation of the Copper Dressings treatment, the necrotic tissue was removed surgically (Figure 8B). However,
	the necrotic tissue at the edges of the wound were not removed, in order not to potentially damage healthy tissue (Figure 8B). The Copper Dressings were then applied (Figure 8C). After 2 days, the devitalised tissue was significantly reduced (Figure 8D). The reduction of devitalised tissue and appearance of granulation tissue continued as documented on Days 6 (Figure 8E), 13 (Figure 8F), 22 (Figure 8G), 34 (Figure 8H), and 40 (Figure 8I) with the disappearance of the surrounding necrotic tissue.
	Chronic wounds may persist for years, imposing substantial physical and psychological burdens on patients and generating significant healthcare costs2. They are typically characterized by persistent inflammation and the presence of devitalized and necrotic tissue. Standard management therefore begins with tissue removal, most commonly through surgical or enzymatic debridement4,5. However, these approaches do not always succeed in resolving the chronic inflammatory state and may inadvertently damage viable tissue, thereby impeding healing progression27,28.
	In the present case series, we aimed to evaluate whether Copper Dressings can enhance healing of autolytic direct debridement techniques. Given that the goal is to reduce the wound area as quickly as possible, high- quality debridement must be performed as promptly as possible. Debridement and wound healing are continuous, dynamic processes that evolve constantly. Therefore, the most effective, patient-friendly, and cost-efficient debridement
	chronic
	wounds
	by
	stimulating
	debridement, without
	the
	need for
	Since the Copper Dressings do not have a direct enzymatic activity (e.g. collagenase activity), it is therefore clear that the Copper Dressings stimulate the autolytic debridement natural physiological process in these chronic wounds, allowing them to “exit” the “stuck” state in which they are found and allowing for the wound healing processes to advance.
	The enhancement of the autolytic debridement process by Copper Dressings probably occurs through several parallel mechanisms (Figure 9). Firstly, the dressings have potent biocidal
	properties including against biofilm16,17. The broad- spectrum antimicrobial activity and anti-biofilm property of the dressings support autolysis by reducing the microbial and biofilm burden, known to impaire protease activity in chronic wounds30. These activities continue throughout the wound management with the Copper Dressings, preventing repeated wound colonization and biofilm formation, allowing the wound to continue the healing process.
	Secondly, the Copper Dressings create an optimal moisture environment in the wound bed. Moisture balance is a well-established requirement for
	autolysis31,32. This is achieved by the
	high-
	phenotype33. M2macrophagessecretetissue (TIMPs)and  reduce expressionofinflammatorycytokines(e.g., TNF-α, IL-1β) thatdriveexcessiveMMP-2and MMP-9 productioninchronicwounds34.MMPsare central regulatorsoftheinflammatoryphaseof wound healing35.Forexample,elevatedlevelsof MMP-9 are stronglyassociatedwithvenousleg ulcers chronicity36.Notably,copperhasbeenshown to selectively enhanceMMP-1activitywithout increasing MMP-2andMMP-9levels14.MMP-1,the collagenase,  initiates ECM remodelingbycleavingcollagenand other substrates37,38.ByrebalancingtheMMP/TIMP ratio, copper helpspreventdestructiveproteolysis while preservingearly-phaseenzymaticactivity required for autolysis39.Thus,acentraleffectofthe chronic  microenvironment

	inhibitors of metalloproteinases
	most widely expressedinterstitial
	copper ions is
	the
	modulation
	inflammation,
	creating
	of
	conducive to woundprogression.
	Copper is also essential for ECM rebuilding through its role as a mandatory cofactor for lysyl oxidase (LOX)40, the enzyme responsible for crosslinking collagen and elastin. LOX-mediated crosslinking strengthens newly formed ECM and shifts the wound from a degradation-dominated state toward structural stability41. Copper deficiency reduces LOX activity and collagen deposition42, Dressings increase collagen  synthesis and deposition19,20. Enhanced ECM integrity indirectly downregulates excessive MMP activity, as unstable ECM typically upregulates protease release in chronic non-healing wounds43. Copper also stabilizes HIF-1α and increases VEGF and
	while
	Copper
	expression18,44,  enhancing oxygen and nutrient
	supporting
	angiogenesis
	delivery—
	conditions that normalize protease function45,46.
	An additional important advantage of the Copper Dressings through their ability to ‘kick-start’ the wound-healing process by promoting autolytic debridement, is that they can eliminate the need for alternative debridement methods that may adversely affect healthy tissue or damage regenerating structures, as may occur with more aggressive approaches such as surgical, enzymatic or sharp debridement. The findings of this case
	series are in agreement with previous reports15,23,26,47 showing fast production of granulation tissue and wound closure in hard to heal wounds.

	C on clusions
	Copper Dressings contribute to “un-stalling” the wound chronicity by creating an antimicrobial, moist, pro-healing environment that helps break  the chronic inflammatory cycle, enabling subsequent  Copper  Dressings represent an effective, tissue-sparing  strategy for stimulating autolytic debridement,  enabling stalled chronic wounds to progress  toward healing while potentially reducing the need  for aggressive debridement techniques.
	progression
	towards
	tissue
	repair.

	ConflictofInterestStatement:
	G.B. is the Chief Scientist of MedCu, manufacturer of the Copper Dressings.  Funding Statement:  This study was not funded.  Acknowledgements:
	None.
	the

	factor and oxidative stress effects by copper in dermal fibroblasts. Connect Tissue Res. 2012;53 (5):373-378.  13. Szauter KM, Cao T, Boyd CD, Csiszar K. Lysyl  oxidase in development, aging and pathologies of  the skin. Pathol Biol (Paris). 2005;53(7):448-456.  14. Philips N, Hwang H, Chauhan S, Leonardi D,  Gonzalez S. Stimulation of cell proliferation and  matrixmetalloproteinase-1 and  interluekin-8 genes in dermal fibroblasts by  copper. Connect Tissue Res. 2010;51(3):224-229.  15. Borkow G, Melamed E. The Journey of  Copper-Impregnated Dressings in Wound Healing:  From a Medical Hypothesis to Clinical Practice.  Biomedicines. 2025;13(3).  16. Borkow G, Roth T, Kalinkovich A. Wide spectrum  potent antimicrobial efficacy of wound dressings  impregnated with cuprous oxide microparticles.  Microbiology Research. 2022;13(3):366-376.  17. Roth TZ, E.; Kossovsky, T.; Borkow, G.  Scanning Electron Microscopy Analysis of Biofilm- Encased Bacteria Exposed to Cuprous Oxide- Impregnated Wound Dressings. Microbiology  Research. 2024;15(4):2358-2368.  18. Borkow G, Gabbay J, Dardik R, et al. Molecular  mechanisms of enhanced wound healing by  copper oxide-impregnated dressings. Wound  Repair Regen. 2010;18(2):266-275.  19. Ogen-Shtern N, Chumin K, Silberstein E, Borkow G. Copper Ions Ameliorated Thermal Burn- Induced Damage in ex vivo Human Skin Organ  Culture. Skin Pharmacol Physiol. 2021;34(6):317-327.  20. Ogen-Shtern N, Chumin K, Cohen G, Borkow  G. Increased pro-collagen 1, elastin, and TGF- beta1 expression by copper ions in an ex-vivo  human skin model. J Cosmet Dermatol. 2020;19  (6):1522-1527.  21. Melamed E, Dabbah J, Israel T, et al. Noninferiority of Copper Dressings Than Negative Pressure Wound Therapy in Healing Diabetic Wounds: A Randomized Clinical Trial. Adv Wound Care (New Rochelle). 2025.  22. Melamed E, Rovitsky A, Roth T, Assa L, Borkow  of Healing of Non-Infected
	expression of
	G. Stimulation
	Stagnated Diabetic Wounds by Copper Oxide- Impregnated Wound Dressings. Medicina (Kaunas ). 2021;57(10):1129.  23. Karpeniuk SB-D, L.; Megino-Escobar, S.;  Molina-Carrillo, R.; Álvarez, E.G.; Furtado, K.;
	36. Serra R, Buffone G, Falcone D, et al. Chronic venous leg ulcers are associated with high levels of metalloproteinases-9 and neutrophil gelatinase- associated lipocalin. Wound Repair Regen. 2013; 21(3):395-401.  37. Arakaki PA, Marques MR, Santos MC. MMP-1  polymorphism and its relationship to pathological  processes. J Biosci. 2009;34(2):313-320.  38. Pardo A, Selman M. MMP-1: the elder of the  family. Int J Biochem Cell Biol. 2005;37(2):283-288.  39. Yager DR, Nwomeh BC. The proteolytic  environment of chronic wounds. Wound Repair  Regen. 1999;7(6):433-441.  40. Rucker RB, Kosonen T, Clegg MS, et al. Copper, lysyl oxidase, and extracellular matrix protein cross-linking. Am J Clin Nutr. 1998;67(5 Suppl):996S-1002S.  41. Das A, Sudhahar V, Chen GF, et al. Endothelial  Antioxidant-1: a Key Mediator of Copper-dependent  Wound Healing in vivo. Sci Rep. 2016;6:33783.  42. Postma GC, Nicastro CN, Valdez LB, Rukavina  Mikusic IA, Grecco A, Minatel L. Decrease lysyl  oxidase activity in hearts of copper-deficient  bovines. J Trace Elem Med Biol. 2021;65:126715.
	O'Toole EA. Metalloproteinases and Wound Healing. Adv Wound Care (New Rochelle). 2015;4(4):225-234.  44. Bogadi S, Uddin ME, Karri V, et al. Therapeutic  potential of copper II oxide in treating diabetic  wounds: an emerging approach for enhanced  healing. Acta Diabetol. 2025.  45. Nguyen TT, Jones JI, Wolter WR, et al.  Hyperbaric oxygen therapy accelerates wound  healing in diabetic mice by decreasing active  matrix metalloproteinase-9. Wound Repair Regen.  2020;28(2):194-201.  46. Sen CK. Wound healing essentials: let there be oxygen. Wound Repair Regen. 2009;17(1):1-18.  47. Borkow G, Melamed E. Copper, an abandoned  player returning to the wound healing battle. In:  Aghaei S, ed. Recent Advances in Wound Healing.  London: 5 Princes Gate Court, London, SW7 2QJ,  UK: IntechOpen 2021:165-184.
	43. Caley MP,
	Martins

	VL,

