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Abstract

Chronic wounds represent a global health challenge, affect-
ing millions of patients and resulting in substantial mor-
bidity, mortality, and economic burden. Great advances are
being made in understanding the basic molecular and cel-
lular mechanisms that maintain wounds in a chronic state.
Despite these developments, no new pharmacological treat-
ments have been approved for over two decades. This lack of
progress reflects limitations in preclinical models, stringent
regulatory requirements, and patient heterogeneity. The
diverse patient population is characterized by multiple co-
morbidities and wounds of multifactorial origin, which com-
plicates diagnosis and hinders the development of effective
therapies.
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Focusing on human studies and translational models, this re-
view provides an overview of the biology of chronic wounds,
current treatment options, and recent developments. Emerg-
ing translational strategies are shifting the paradigm from
passive management with traditional wound dressings to
personalized, multimodal interventions, as well as advances
in biomarker identification, including omics- and cell-based
functional biomarkers. Combined with artificial intelligence,
these innovations hold the potential to initiate a new era of
precision medicine for chronic wound care.

Keywords: Chronic wound, advanced wound care, transla-
tional medicine, biomarker, personalized medicine
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15 CME QUESTIONS ABOUT THE ARTICLE
“ADVANCES IN THE UNDERSTANDING AND
MANAGEMENT OF CHRONIC WOUNDS:
TRANSLATIONAL MEDICINE APPROACHES”

@ Question 1: Which phase is NOT one of the four
classic, overlapping phases of physiological wound
healing?

) Hemostasis

) Inflammation

@ Proliferation

() Remodeling

0 Calcification

@ Question 2: Which statement best describes a key
characteristic of chronic wounds?

0 Chronic wounds are characterized by a complete lack of
immune activation

@ Regardless of the cause, chronic wounds exclusively
exhibit excessive inflammation

@ Chronic wounds often exhibit dysregulated immunity,
microbial dysbiosis, ischemia, and keratinocyte and
fibroblast dysfunction

Q Biofilms play no role in chronic wounds

G Chronic wounds are biologically indistinguishable from
acute wounds

@ Question 3: Which statements characterize chronic
wounds as opposed to acute wounds? Multiple
answers are possible.

() Chronic wounds often exhibit persistent inflammation,
ischemia, and microbial dysbiosis

() Biofilm-dominant pathogens can sustain inflammation
through continuous PAMP release

@ Hyperproliferation of keratinocytes with impaired
migration is frequently observed at the wound margin

Q Chronic wounds are biologically identical to acute
wounds

G Angiogenesis is always unimpeded in chronic wounds

@ Question 4: Which measure is a cornerstone of
standard therapy for venous leg ulcers?

@) Strict bed rest without compression
() Compression therapy

@ Systemic antibiotic therapy alone
Q Primary hyperbaric oxygen therapy
 Amputation as a standard measure
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@ Question 5: Which of the following statements
about diabetic foot ulcers (DFUs) are correct?
Multiple answers are possible.

() DFUs are often caused by a combination of diabetic
polyneuropathy, mechanical stress, and peripheral
arterial disease

@ Osteomyelitis is virtually impossible in DFUs

@ Due to neuropathy, the lesions are often painless or
cause little pain

Q Prevention plays no significant role in DFUs

@ The recurrence rate is about 40% within one year and
up to 65% within five years

@ Question 6: Which statements about the TIME
concept are correct? Multiple answers are possible.

() T =Tissue: Debridement reduces bacterial load,
inflammatory mediators, MMPs, and toxins

@ | = Inflammation/Infection: Topical antiseptics are
important for treating locally infected wounds, while
systemic antibiotics are more appropriate for treating
systemic or spreading infections

@ M = Moisture: Hydrogels are more suitable for treating

dry wounds; foams or alginates are more suitable for
treating heavily exuding wounds

Q E = Edge: The condition of the wound edge plays no
role in healing

G Negative Pressure Wound Therapy (NPWT) is fundamen-
tally incompatible with the TIME concept

@ Question 7: Which statement regarding new trans-
lational approaches and precision medicine for
chronic wounds is correct?

0 Artificial intelligence has not yet been applied to wound
assessment

() Exudate-based biomarkers and personalized cellular
assays are considered promising for individualized
treatment decisions

@ Animal models fully and realistically replicate the
chronicity of human wounds

Q Complete wound closure is the only meaningful future
clinical endpoint

G Biomarkers play no role in translational wound medicine
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@ Question 8: Which statements about new trans-
lational approaches are correct? Multiple answers
are possible.

) There are no pharmacological candidates for chronic
wounds

Q Placenta-based products and stem cell therapies are
among the multimodal therapeutic approaches currently
in clinical development

(@ The ABCBs surface marker has been described as useful
forisolating homogeneous populations of skin stem
cells

Q AUP-16 is a multi-target therapy based on genetically
modified live bacteria designed to release CSF-1, FGF-2,
and IL-4 at the wound site

G Clinical trials of biological therapies play no role in the
treatment of chronic wounds

@ Question 9: Which combination best describes
changes in keratinocytes at the margins of chronic
wounds?

Q Reduced proliferation and increased migration

G Completely normal proliferation and migration

G Only apoptosis without changes in proliferation

Q Transition to an exclusively fibroblastic phenotype

G Hyperproliferation accompanied by impaired migration

@ Question 10: Which statement about hypoxia in
chronic wounds is true?

Q Transient hypoxia can promote the healing of acute
wounds, whereas persistent hypoxia is harmful

6 Transient hypoxia generally inhibits acute wound
healing

@ Persistent hypoxia reliably promotes angiogenesis in
chronic wounds

Q Hypoxia plays a role only in arterial ulcers, but not in
diabetic wounds

G VEGF is not degraded proteolytically in chronic wounds

@ Question 11: Which finding best corresponds to a
venous leg ulcer?

Q A severely painful, punctate lesion on the tips of the
toes with cold skin

@ A flat ulcer with irregular edges on the lower calf, often
with profuse exudate

@ A sharply defined ulcer located only on the back of the
foot

Q Typical location exclusively on the sole of the foot above
the metatarsal heads

G Dry ulcer with minimal exudate and typical foot
deformity due to polyneuropathy
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@ Question 12: According to the article, which
statement regarding the ankle-brachial index (ABI)
is correct?

Q By definition, peripheral arterial disease does not begin
until the ABlis<o.5

Q Arterial ulcers typically occur when the ABlis >1.2

(@ The ABI is always a more reliable indicator than the TB
in people with diabetes

Q Peripheral arterial disease (PAD is defined as beginning
when the ABl is<0.9

G The ABI plays no role in the diagnosis of chronic wounds

@ Question 13: Which statements regarding Al,
biomarkers, and regulatory challenges are correct?
Multiple answers are possible.

Q While Al is already used today for wound documenta-
tion, it also offers great potential for predicting wound
healing outcomes in the future

() Exudate-based biomarkers and personalized cellular
assays could support companion diagnostics and treat-
ment prediction in the future

G Defining complete and permanent wound closure as the
sole regulatory endpoint is considered problematic

Q The use of alternative clinical endpoints, such as per-
centage reduction in wound area, fewer infections, less
pain, or improved function/mobility, has been proposed

G Animal models can be used to reliably replicate the
microenvironment of chronic wounds

@ Question 14: Which statement about chronic
wounds is true?

Q Chronic wounds affect less than 0.1% of the population
in industrialized countries

() By definition, chronic wounds heal within 2 weeks

@ In developed countries, 1—2% of the population will
develop a chronic wound at some point in their lives

Q Chronic wounds primarily cause a cosmetic, but not
significant, medical burden

© The prevalence of chronic wounds is decreasing due to
the aging population

(2) Question 15: Which cellular mechanism is essential
for the transition from the inflammatory phase to
the proliferative phase?

Q Massive NET formation by neutrophils

@ Sustained activation of proinflammatory macrophages
@ Complete loss of fibroblasts in the wound bed

Q Efferocytosis of apoptotic neutrophils by macrophages
G Degradation of all matrix metalloproteinases
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