s\MLR
Asociatia de Medicina
de Laborator din Romania

Romanian Journal of Laboratory Medicine 2026;34(3):259-268 REVIEW

DOI:10.2478/rrim-2026-0028

Recent advances in wound healing, tissue repair, regeneration, and
scar management: A literature review

Nino Kuridze', Luiza Gabunia’, Nino Gogokhia?, Ketevan Ghambashidze3, Sophio Giorgadze4,
Gvantsa Janigashvili5, Nino Gvajaia®*, Levan Ratiani”

. Department of Clinical Pharmacology, Thilisi State Medical University, Georgia

. Department of Laboratory Medicine, Thilisi State Medical University, Georgia

. Department of Pathophysiology, Thilisi State Medical University, Georgia

. Department of Histology, Thilisi State Medical University, Georgia

. Department of Pediatrics, Thilisi State Medical University, Georgia

. Department of Medicine, Thilisi State Medical University, Georgia

. Department of Anesthesiology and Reanimatology, The First University Clinic of Thilisi State Medical University, Georgia

~NO o wWwN =

ABSTRACT

Wound healing, tissue repair, and regeneration are biological processes essential for restoring tissue integrity following injury. Disor-
ders in these processes can lead to complications and the formation of scars, impacting both physical and psychological well-being.
This review synthesizes recent advancements in the understanding of the molecular and cellular mechanisms governing these pro-
cesses. We explore the sequential phases of wound healing, the key cellular and molecular players involved, factors influencing
healing outcomes, and emerging therapeutic strategies. Special emphasis is placed on novel biomaterials, cell-based therapies, gene
therapies, and physical modalities. Modern therapeutic approaches aim to accelerate healing while minimizing complications such
as scarring, infection, or chronic inflammation. Available strategies for wound and scar management include topical and intralesional
pharmacological treatments, silicone-based products, advanced dressings, physical modalities, and procedural interventions. This
review summarizes the mechanisms, clinical applications, limitations, and current evidence supporting these approaches, while se-
lected commercial formulations are discussed only as illustrative examples of different therapeutic mechanisms. Finally, we discuss
current challenges and future directions in the field, highlighting the potential for personalized medicine and translational research.
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INTRODUCTION pain, pruritus, functional limitation, and psychosocial
distress [9-11]. Healing outcomes vary with wound char-
acteristics, local perfusion and infection, comorbid dis-
ease, age, medication exposure, lifestyle factors, and the

selected therapeutic strategy [5,8].

The human body relies on intact tissues for structural
support, barrier function, and normal physiology [1-3].
Trauma, surgery, infection, and disease disrupt tissue
integrity and initiate coordinated cellular and molecular
responses intended to restore continuity and function
[4-6]. Wound healing and tissue regeneration therefore,
remain central concerns in dermatology, surgery, and

Accordingly, this narrative review aims to synthesize
current evidence on the biological mechanisms underly-
ing wound healing, tissue repair, regeneration, and scar
formation; examine intrinsic and extrinsic factors that

chronic disease management [4-6].

Impaired healing may result in chronic wounds, in-
cluding diabetic foot ulcers, pressure injuries, and ve-
nous leg ulcers, which are associated with persistent
inflammation, substantial morbidity, reduced quality of
life, and considerable healthcare costs [7,8]. Repair may
also produce hypertrophic scars or keloids that cause

influence healing outcomes; and summarize established
and emerging therapeutic approaches. The review covers
immune regulation, extracellular matrix remodeling, bio-
materials, cell-based and gene-based strategies, physical
modalities, topical pharmacology, and scar-modulation in-
terventions, while selected commercial formulations are
considered only as non-exhaustive examples.
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METHODS

This manuscript was prepared as a narrative review of
literature addressing cutaneous wound healing, tissue
repair, regeneration, and scar management. Relevant
publications were identified through searches of Pub-
Med, Scopus, and Google Scholar, with emphasis on
English-language peer-reviewed experimental studies,
clinical studies, reviews, and guidance documents rele-
vant to the review scope. Reference lists of selected pub-
lications were also screened. The literature was evalu-
ated for topical relevance and synthesized into thematic
sections covering the phases and regulation of healing,
factors associated with impaired repair, established and
emerging therapeutic strategies, and selected product-
specific evidence. Dermatix Ultra, Epicyn, Flosteron, and
Contractubex were retained as illustrative examples be-
cause they represent different formulations, routes of
administration, and proposed mechanisms; their inclu-
sion was not intended as a systematic comparison of all
scar treatments or as evidence of therapeutic superior-
ity. Because the review used only previously published
information and involved no human participants, iden-
tifiable patient data, or animal experimentation by the
authors, ethics approval was not required.

MAIN LITERATURE FINDINGS

Biological framework and phases of wound healing

Regeneration and repair

Regeneration restores damaged tissue through prolif-
eration and replacement by functionally similar cells,
whereas repair replaces lost tissue with granulation tis-
sue and, ultimately, a fibrous scar. The relative contribu-
tion of these processes depends on tissue type, injury
depth, cellular proliferative capacity, extracellular matrix
integrity, and the local microenvironment [1,2,6]. Labile
epithelia generally regenerate efficiently, while most
adult neurons and cardiomyocytes have limited intrinsic
proliferative capacity [1,2]. Cutaneous healing is conven-
tionally described as four overlapping phases- hemosta-
sis, inflammation, proliferation, and remodeling- rather
than as a strictly linear sequence [4-6].

Hemostasis

Hemostasis begins immediately after vascular injury.
Transient vasoconstriction limits blood loss, exposed
matrix proteins promote platelet adhesion and activa-
tion, and the coagulation cascade generates fibrin that
stabilizes the platelet plug [12]. Activated platelets also
release mediators that recruit inflammatory cells and
influence later fibroblast, keratinocyte, and endothelial-
cell responses [12-14].
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Inflammation

The inflammatory phase removes microorganisms and
damaged material while establishing signals required for
repair. Neutrophils usually predominate early, followed
by recruitment of circulating monocytes that enter the
wound and differentiate into macrophages [15-18]. These
cells participate in phagocytosis and release cytokines,
chemokines, reactive oxygen species, proteases, and
growth factors. An effective response must be sufficient
for host defense but limited in duration; failure to resolve
inflammation is associated with chronic wounds, excessive
matrix degradation, and fibrotic scar formation [4,16-18].

Proliferative phase

During proliferation, fibroblasts deposit provisional extra-
cellular matrix, endothelial cells form new microvessels,
and keratinocytes migrate and proliferate to restore the
epithelial barrier [15,19-21]. Granulation tissue provides
vascular support and a temporary matrix for cellular mi-
gration. Angiogenesis is regulated by mediators including
vascular endothelial growth factor (VEGF), while epider-
mal growth factor (EGF), fibroblast growth factors (FGFs),
transforming growth factor beta (TGF-B), and platelet-
derived growth factor (PDGF) coordinate epithelialization,
fibroplasia, and matrix production [13,14,19,21].
Remodeling and scar formation

Remodeling begins while proliferation is still active and
may continue for months. Collagen is reorganized and
cross-linked, cellularity and vascularity decline, and ma-
trix metalloproteinases (MMPs) act in balance with tis-
sue inhibitors of metalloproteinases to reshape the ex-
tracellular matrix [13,21,22]. The healed tissue does not
fully regain the architecture or mechanical properties of
uninjured skin [6,21]. Excessive or prolonged fibroblast
activation and collagen deposition can produce hyper-
trophic scars or keloids, with keloids extending beyond
the original wound boundaries [9,10,23].

Immune regulation of wound healing

Immune-cell populations enter and leave the wound at
different times, but their activities substantially overlap.
Their effects depend on cellular phenotype, local cy-
tokine concentrations, microbial burden, oxygenation,
matrix composition, and the stage of repair [15-18].

Macrophages

Wound macrophages arise from both tissue-resident
populations and recruited blood monocytes. After enter-
ing injured tissue, monocytes differentiate in response
to local chemokines, cytokines, growth factors, and ma-
trix signals [16-18]. Early macrophage functions include
phagocytosis, antimicrobial activity, and production of
pro-inflammatory mediators. As healing progresses,
macrophage activity generally shifts toward inflamma-
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tion resolution, angiogenesis, fibroblast regulation, ma-
trix deposition, and remodeling [16-18]. This response
is better viewed as a continuum of context-dependent
activation states than as a uniform conversion between
fixed M1 and M2 phenotypes [16,17].

T cells

T lymphocytes can amplify, regulate, or resolve inflamma-
tion according to subtype and microenvironment. Regulato-
ry T cells accumulate in wounded skin and, in experimental
models, limit excessive inflammation and support re-epithe-
lialization and wound closure [18,24]. Other effector T-cell
responses may strengthen antimicrobial defense but can
also sustain tissue-damaging inflammation when persistent.
Consequently, T-cell effects should not be described as uni-
formly pro-reparative or pro-inflammatory [18,24].

Neutrophils

Neutrophils provide rapid antimicrobial defense through
phagocytosis, granule enzymes, reactive oxygen species,
antimicrobial peptides, and extracellular traps [15,25].
Their apoptosis and clearance by macrophages contrib-
ute to inflammatory resolution. However, prolonged
neutrophil persistence can expose viable tissue to pro-
teases and oxidants, impair matrix integrity, and delay
progression to proliferation [15,18].

Mast cells

Mast cells release histamine, proteases, cytokines, and
growth factors after injury and can influence vascular per-
meability, leukocyte recruitment, angiogenesis, fibroblast
activity, and scar formation [13,26]. Experimental findings

suggest that their contribution is stage-dependent and may
be beneficial during early defense yet promote inflamma-
tion or fibrosis when activation is excessive [26]. The princi-
pal immune-cell populations involved in wound healing and
their major functions are summarized in Table 1.

Cytokines and growth factors

Cytokines and growth factors coordinate communication
among platelets, leukocytes, fibroblasts, keratinocytes,
and endothelial cells. TNF-q, IL-1, and IL-6 support early
inflammatory activation; IL-10 contributes to resolution;
VEGF promotes angiogenesis; EGF supports keratinocyte
migration and proliferation; PDGF recruits and stimu-
lates reparative cells; and TGF-B regulates fibroblast ac-
tivation, collagen synthesis, and remodeling [13,14,19].
Their effects depend on timing, concentration, receptor
expression, and interactions with other mediators. Per-
sistent pro-inflammatory signaling may delay healing,
whereas excessive TGF-f activity can favor fibrosis and
pathological scarring [13,14,23]. The principal mediators
discussed in this review are summarized in Table 2.

Extracellular matrix remodeling

The extracellular matrix is both a structural scaffold
and an active signaling environment. Collagens provide
tensile support; fibronectin and laminins regulate adhe-
sion and migration; proteoglycans influence hydration
and growth-factor availability; and hyaluronan affects
cell migration, inflammation, and matrix organization
[22,27,28]. Matrix fragments can also act as biological
signals rather than as inert degradation products [27,28].

Table 1. Principal immune-cell populations in wound healing and their major functions

Typical involvement

Principal contribution to healing

Interpretive or clinical considerations

Predominate soon after
injury and during the ear-
ly inflammatory phase.

Neutrophils

Remove microorganisms and damaged ma-

terial through phagocytosis and release anti-

microbial enzymes, reactive oxygen species,
cytokines, and extracellular traps.

Early activity supports host defense; pro-

longed accumulation or excessive activation

can injure viable tissue, degrade extracellular
matrix, and sustain inflammation.

Recruited from periph-

Circulating eral blood after the

monocytes initial inflammatory re-
sponse has begun.

Leave the circulation, enter injured tissue,

and differentiate into macrophages under

the influence of local chemokines, cyto-
kines, and growth factors.

They are an important source of wound macro-

phages, but the relative contribution of recruited

monocytes and tissue-resident macrophages
varies among tissues and wound types.

Participate across inflam-
matory, proliferative, and
remodeling phases.

Macrophages

Clear debris; coordinate resolution of in-
flammation; regulate angiogenesis, fibro-
blast behavior, matrix deposition, and tis-
sue remodeling through cytokines, growth
factors, and proteolytic enzymes.

Macrophage activity is best understood as a
continuum of context-dependent states rath-
er than a fixed binary M1/M2 sequence.

Become particularly rel-
evant during inflammatory
resolution and tissue repair.

T-reg cells

Limit excessive immune activation, support im-
mune homeostasis, and influence repair through
mediators that include IL-10 and TGF-beta.

Their effect depends on timing and local con-
ditions; excessive immune suppression may
compromise antimicrobial defense.

Most prominent during
inflammatory and anti-
microbial responses.

Th17 cells

Produce IL-17-family cytokines, promote
neutrophil recruitment, and contribute to
defense against extracellular microorganisms.

Transient activity may be protective, but persis-
tent Th17 signaling can reinforce chronic inflam-
mation and delay repair.

Activated early after in-

jury and may remain in-

volved during angiogen-
esis and remodeling.

Mast cells

Release histamine, proteases, cytokines,

and growth factors that affect vascular per-

meability, leukocyte recruitment, new-ves-
sel formation, and matrix remodeling.

Reported effects are variable and may be

beneficial or detrimental depending on

wound stage, activation intensity, and scar
phenotype.

Note: The timing and functions shown are overlapping rather than strictly sequential. Abbreviations: IL, interleukin; ROS, reactive oxygen species; TGF-beta, transforming growth factor beta. The information pre-
sented in this table was synthesized from references 13—19. Immune-cell involvement overlaps across wound-healing phases and may vary according to wound type and local microenvironment.
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Table 2. Major mediators involved in wound healing: Cytokines and growth factors

Mediator Major cellular sources Main functions in wound healing Potential consequence of persistent imbalance
Activated  macrophages, Amplifies early inflammatory signaling, Sustained elevation can promote tissue inju-
TNF-alpha neutrophils, keratinocytes, supports leukocyte recruitment, and ry, matrix degradation, and delayed progres-
and other immune cells. contributes to antimicrobial defense. sion to repair.
Macrophages, keratino- Activates local inflammatory pathways, Prolonged signaling may maintain inflam-
IL-1/ IL-1beta cytes, neutrophils, and induces secondary cytokines and chemo- matory-cell recruitment and contribute to
damaged tissue cells. kines, and supports early host defense. chronic wound activity.
Macrophages, fibroblasts, Coordinates acute-phase and immune Persistently high levels are associated with
IL-6 keratinocytes,  endothelial responses and can influence keratinocyte dysregulated inflammation and may accom-
cells, and other stromal cells. activity and the transition toward repair. pany impaired healing.
Regulatory T cells, macro- Restrains excessive pro-inflammatory Insufficient activity may permit ongoing in-
IL-10 phages, and other leuko- signaling and helps promote resolution flammation, whereas excessive suppression
cyte subsets. of inflammation. could weaken antimicrobial responses.
Platelets, macrophages, Regulates fibroblast activation, collagen ) N )
) . . . o Excessive or prolonged signaling can favor fibro-
TGF-beta fibroblasts, keratinocytes, production, extracellular-matrix deposition, ) ) ) . .
. ) . . sis, hypertrophic scarring, or keloid formation.
and other tissue cells. immune modulation, and remodeling.
Macrophages, keratino- Promotes endothelial-cell survival, vas- Insufficient signaling can limit perfusion; ex-
VEGF cytes, fibroblasts, plate- cular permeability, and formation of cessive or poorly organized signaling may
lets, and endothelial cells. new microvessels in granulation tissue. produce abnormal or leaky vasculature.
Platelets, macrophages, Attracts and stimulates fibroblasts and Reduced activity may delay cellular recruit-
PDGF endothelial cells, and oth- smooth-muscle-related cells and sup- ment and matrix formation, while excessive
er reparative cells. ports granulation-tissue development. signaling may contribute to fibrotic responses.
Platelets, macrophages, Stimulates keratinocyte migration and Inadequate signaling may slow re-epithelial-
EGF keratinocytes, and other proliferation and supports restoration of ization; excessive signaling may disturb nor-
epithelial or stromal cells. the epithelial barrier. mal epithelial regulation.
‘ Flbroblas‘ts, macrophages, Suppqrts ﬁbrpblast proAllferatlon, anglo— Altered signaling may disrupt vascularization,
FGF family endothelial cells, keratino- genesis, matrix production, and repair of

cytes, and other tissue cells.

epithelial and connective tissues.

matrix organization, or scar maturation.

Note: The biological effects of each mediator depend on concentration, timing, cellular source, receptor expression, and the local wound environment. Abbreviations: EGF, epidermal growth factor; FGF, fibroblast
growth factor; IL, interleukin; PDGF, platelet-derived growth factor; TGF-beta, transforming growth factor beta; TNF-alpha, tumor necrosis factor alpha; VEGF, vascular endothelial growth factor. The functions summa-

rized in this table were synthesized from references 15, 16, and 19-23.

MMPs and their inhibitors regulate matrix turnover,
while integrins and other adhesion receptors enable cells
to sense matrix composition and mechanical properties
[13,22,27]. The matrix can bind and release VEGF, FGF,
TGF-B, and other mediators, thereby shaping the spatial
and temporal pattern of repair. Disturbance of matrix syn-
thesis, degradation, or mechanotransduction can contrib-
ute to chronic wounds or excessive scarring [13,22,23,27].

Factors affecting regeneration and repair

Intrinsic and genetic influences

Healing varies among individuals because of differences
in age, genetic background, hormonal state, immune
function, nutritional status, and underlying disease [5].
Genetic influences are particularly evident in susceptibil-
ity to hypertrophic scars and keloids, although scar de-
velopment is multifactorial and also depends on wound
depth, anatomical site, tension, inflammation, and treat-
ment [10,23]. Claims about individual genetic variants
should therefore be interpreted cautiously unless sup-
ported by adequately replicated studies.

Age-related factors

Older age is associated with slower inflammatory-cell
recruitment, altered macrophage function, delayed an-
giogenesis and re-epithelialization, reduced fibroblast
activity, and changes in collagen turnover [5,29,30]. Cel-

lular senescence and the senescence-associated secre-
tory phenotype may further modify the wound micro-
environment [29]. These changes can delay repair, but
age alone does not prevent healing; comorbid disease,
perfusion, nutrition, mobility, and medication exposure
frequently contribute to clinical outcomes [5,30].

Pathologies affecting regeneration

Diabetes impairs healing through interacting mechanisms
that include vascular dysfunction, neuropathy, altered in-
flammatory responses, reduced angiogenesis, and great-
er susceptibility to infection [5,8,31]. Peripheral arterial
disease limits oxygen and nutrient delivery, while venous
hypertension and edema can sustain inflammation. Obe-
sity is associated with altered perfusion and chronic low-
grade inflammation, and immunodeficiency or immuno-
suppressive treatment can weaken antimicrobial defense
[5,8]. Because these disorders often coexist, delayed heal-
ing rarely reflects a single isolated mechanism.

Extrinsic and environmental influences

Local infection, ischemia, repeated trauma, pressure, ex-
cessive tension, desiccation, and uncontrolled exudate
can disrupt repair [4,5,8]. A balanced moist environment
generally supports epithelial migration, whereas exces-
sive moisture can macerate surrounding skin [32,33].
Smoking impairs tissue oxygenation and is associated
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with delayed healing [34]. Mechanical offloading and re-
duction of wound-edge tension are especially important
for pressure-related wounds, diabetic foot ulcers, and
scars developing in high-tension sites [8,10,35].

Microorganisms in chronic wounds may form biofilms
that are tolerant of host defenses and antimicrobial
treatment. Biofilms have been demonstrated more fre-
quently in chronic than in acute wounds and can sustain
inflammation and complicate infection control [8,36].
Their presence cannot be inferred solely from routine
culture, and management commonly requires repeated
assessment, cleansing or debridement, treatment of
clinically evident infection, and correction of underlying
perfusion or pressure problems [8,35-37].

Medication and lifestyle factors

Systemic and topical medications may alter healing ac-
cording to dose, duration, timing, and patient suscepti-
bility. Corticosteroids can suppress inflammation, fibro-
blast activity, collagen synthesis, and angiogenesis, while
other immunosuppressive or cytotoxic treatments may
impair cellular proliferation and host defense [5,38,39].
Adequate protein and micronutrient intake is necessary
for repair, particularly in malnourished patients [40].
Psychological stress and smoking are associated with
delayed healing, whereas correction of nutritional de-
ficiencies and smoking cessation are clinically relevant
supportive measures [35,40-42].

Therapeutic strategies

Wound-bed optimization and infection control

Management begins with identification and correction
of factors that prevent healing, including ischemia, pres-
sure, edema, infection, necrotic tissue, and inadequate
moisture balance [8,35]. Cleansing and appropriate de-
bridement reduce devitalized material and may disrupt
biofilm, while dressings should control exudate, protect
surrounding skin, and maintain an environment compat-
ible with epithelialization [32,33,36,37]. Antimicrobial
products should be selected according to clinical indica-
tion rather than used routinely, because evidence and
tolerability vary among iodine, polyhexamethylene bi-
guanide, hypochlorous acid, honey, and topical antibi-
otic preparations [43-47].

Immunomodulatory and matrix-targeted approaches

Experimental immunomodulatory strategies seek to limit
persistent inflammation without compromising antimi-
crobial defense. Approaches under investigation include
modulation of macrophage activation, enhancement of
regulatory immune pathways, inhibition of selected pro-
inflammatory mediators, and delivery of growth factors
or extracellular-matrix components [13,16-18,22,27]. Be-
cause the same mediator may have beneficial or harm-

ful effects at different stages, timing and local delivery
are central challenges. Evidence from preclinical models
should not be interpreted as established clinical efficacy.

Cell-based therapies

Mesenchymal stromal cells, epidermal progenitor cells,
and induced pluripotent stem-cell-derived products are
being studied for their capacity to support re-epitheli-
alization, angiogenesis, immune regulation, and matrix
repair [20,48-50]. Much of the observed benefit ap-
pears to arise from paracrine signaling rather than sta-
ble replacement of damaged cells. Clinical translation
remains limited by cell-source variability, manufacturing
standards, delivery and retention, immune compatibility,
long-term safety, and cost [48,50].

Advanced dressings and biomaterials

Modern dressings include hydrogels, hydrocolloids, al-
ginates, foams, films, hydrofibers, and antimicrobial or
bioactive materials. Their selection should reflect wound
depth, exudate, infection risk, surrounding skin, and pa-
tient comfort rather than an assumption that one category
is universally superior [33,51]. Hydrogels provide a hydrat-
ed matrix and can serve as drug- or cell-delivery systems,
while scaffolds made from natural or synthetic polymers
can support cell adhesion and tissue organization [51,52].

Extracellular-matrix-derived materials and bioengi-
neered skin substitutes seek to reproduce structural
and biochemical features of native tissue [52,53]. Smart
dressings integrate sensors or responsive delivery sys-
tems to monitor variables such as temperature, pH,
moisture, or biochemical markers and to release therapy
when predefined conditions are detected [54]. Three-
dimensional bioprinting may eventually enable more
individualized skin constructs, but reproducibility, vas-
cularization, manufacturing, regulation, and cost remain
substantial barriers [55].

Gene- and RNA-based therapies

Small interfering RNA, microRNA, messenger RNA, viral
and non-viral gene delivery, and genome-editing plat-
forms are being investigated to modify inflammatory,
angiogenic, fibrotic, and regenerative pathways [56-58].
These approaches may permit localized and time-limit-
ed expression or suppression of therapeutic targets, but
delivery efficiency, off-target effects, immune responses,
durability, and long-term safety remain unresolved. Cur-
rent evidence is predominantly preclinical, and claims of
scarless healing are premature [56-58].

Physical modalities, debridement, and digital technologies

Physical approaches include negative-pressure wound
therapy, low-level light or laser therapy, therapeutic ul-
trasound, and electrical stimulation. Their effectiveness
varies by wound type, protocol, comparator, and out-
come measure [59-62]. Negative-pressure therapy can



support exudate control and granulation in appropri-
ately selected wounds, while debridement may be auto-
lytic, enzymatic, sharp, or mechanical according to tissue
characteristics and clinical expertise [37,59].

Artificial intelligence and machine-learning methods
are being explored for wound segmentation, measure-
ment, classification, and prediction of healing trajecto-
ries [63]. These tools may improve documentation and
consistency, but performance depends on representa-
tive training data, image quality, external validation, and
integration into clinical workflows. They should support
rather than replace clinical assessment [63].

Topical pharmacological approaches

Topical delivery can achieve high local exposure while
reducing systemic drug levels, although penetration
depends on the formulation, wound barrier, molecular
properties, and delivery system [64-66]. Available agents
include topical antibiotics for selected localized infec-
tions, antiseptics, debriding agents, anti-inflammatory
preparations, growth-factor products, hyaluronan-based
formulations, and drug-containing dressings [33,43-
47,65]. Evidence is indication-specific; products that
reduce microbial burden do not necessarily accelerate
closure, and cytotoxicity or contact reactions may offset
potential benefit [33,43-47].

Becaplermin is an example of a recombinant growth-
factor product used for selected diabetic foot ulcers in
conjunction with comprehensive wound care [14]. By con-
trast, topical vitamin E has not shown consistent benefit
for scar appearance and may cause irritation [68]. Newer
carriers, including liposomes, nanoparticles, polymeric
fibers, and hydrogels, are being evaluated to improve sta-
bility, penetration, and controlled release [51,65,66].

Scar-modulation strategies

Prevention and treatment of hypertrophic scars and ke-
loids should be individualized according to scar type, ma-
turity, anatomical site, symptoms, skin characteristics,
previous response, and patient preference [10,23,68,69].
Conservative measures include silicone gels or sheets,
pressure or tension-reduction strategies, moisturiza-
tion, and scar massage. Established pathological scars
may require intralesional corticosteroids, 5-fluorouracil,
cryotherapy, laser or light-based procedures, surgical
revision, or multimodal therapy [68-70]. Excision alone
carries a substantial risk of keloid recurrence, so adjunc-
tive treatment is often considered [10,23,69].

No single intervention is consistently effective for eve-
ry patient. Silicone products have the most established
evidence among non-invasive topical scar therapies,
while evidence for onion-extract and other combination
gels is less consistent [70,71]. Comparative interpreta-
tion is limited by heterogeneous scar types, outcome
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scales, follow-up periods, and treatment protocols.
Treatment recommendations should therefore distin-
guish evidence from randomized trials, observational
studies, mechanistic reports, and expert consensus.

Selected product-specific examples

Dermatix Ultra, Epicyn, Flosteron, and Contractubex are
included as non-exhaustive examples of distinct thera-
peutic categories. Dermatix Ultra is a silicone-based
topical gel containing a vitamin C ester [72]; the broader
evidence base supports silicone gel or sheeting for pre-
vention and treatment of hypertrophic scars and keloids,
although evidence specific to individual branded formu-
lations is more limited [70,72].

Epicyn is a stabilized hypochlorous acid formulation
intended to provide antimicrobial and anti-inflammatory
local effects; hypochlorous acid studies report activity
against microorganisms and acceptable tolerability, but
product-specific scar evidence remains limited [46,73-76].

Flosteron is an injectable betamethasone preparation
rather than a topical scar gel. Its rationale is related to
the anti-inflammatory and antiproliferative effects of
corticosteroids. When corticosteroids are administered
intralesionally for pathological scars, recognized local ad-
verse effects include dermal atrophy, telangiectasia, and
pigment alteration [68,69].

Contractubex combines onion extract, heparin, and
allantoin; studies have reported variable effects on scar
symptoms and appearance [71]. The comparative reports
cited for these four products originate from overlapping
author groups and should not be considered independent
replications; differences in design, outcome assessment,
and sample characteristics further limit firm conclusions
[77-79]. Their composition, proposed mechanisms, indi-
cations, and evidence are summarized in Table 3.

LIMITATIONS

This review has several limitations. As a narrative review,
it did not employ a preregistered systematic-review pro-
tocol, a fully standardized article-selection process, or
a formal assessment of study quality and risk of bias.
Although relevant literature was identified through
searches of major biomedical databases and reference
lists, the selection and interpretation of publications
may have been influenced by author judgment, creating
a possibility of selection bias. The emphasis on English-
language publications may also have resulted in language
bias and the exclusion of relevant evidence published in
other languages. In addition, the included studies were
heterogeneous in terms of study design, patient popula-
tions, wound and scar types, treatment protocols, out-
come measures, and follow-up duration. A quantitative
meta-analysis was therefore not performed, and direct
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Table 3. Comparison of four commercial products for skin wound healing and scar treatment

Feature

Dermatix Ultra

Epicyn

Flosteron

Contractubex

Primary base

Silicone gel

Stabilized hypochlorous
acid formulation

Injectable corticosteroid
(betamethasone)

Topical gel (onion ex-
tract, heparin, allantoin)

Key additional Ingredient

Vitamin C ester

Hypochlorous acid (HOCI)

None

None

Occlusion, hydration,

Occlusion, hydration,

Anti-inflammatory,

Anti-inflammatory,

Mechanism antioxidant, antimicrobial, . . . anti-proliferative,
. . anti-proliferative ) o
anti-pigmentary anti-inflammatory keratolytic, moisturizing
Route Topical Topical Intralesional injection Topical
Prevention and manage- Prevention and manage-
) ) 5 ment of hypertrophic Established hypertro- Management of various
Primary use ment of linear hypertro-

phic scars, keloids

scars, keloids; wounds
with high bioburden

phic and keloid scars

scar types

Recent evidence

Generally supportive; effec-
tive for scar improvement
and symptom reduction

Shows promise, poten-
tially superior to silicone
alone in some aspects

Effective for reducing

established  hypertro-

phic/keloid scars; often
used in combination

Mixed evidence; some
studies show modest
benefits, others less so

Note: The products included in this table are illustrative examples and do not represent a comprehensive list of available scar treatments. They were not selected through a systematic comparative process, and the

summarized evidence should not be interpreted as establishing the superiority of one formulation over another.

comparisons among therapeutic approaches should be
interpreted cautiously. The evidence supporting individu-
al topical and intralesional products was variable in quan-
tity and methodological quality, and the product-specific
comparative reports cited in this review were produced
by overlapping author groups rather than independent
research teams [77-79]. Consequently, the conclusions of
this review should be regarded as a qualitative synthesis
of the available literature rather than as definitive com-
parative evidence of treatment superiority.

CONCLUSIONS

Chronic wounds remain a major clinical challenge be-
cause impaired perfusion, infection, persistent inflam-
mation, mechanical stress, and comorbid disease often
interact. Advances in immune biology, extracellular-ma-
trix research, biomaterials, cell-based approaches, gene
and RNA technologies, and physical modalities have ex-
panded the range of potential interventions. However,
many emerging strategies remain supported primarily
by preclinical or heterogeneous clinical evidence. Future
research should prioritize standardized outcomes, ad-
equately powered comparative studies, long-term safety
assessment, and translation of mechanistic findings into
clinically meaningful treatment pathways.

Scar prevention and treatment require an individual-
ized and multimodal approach that may include silicone-
based therapies, intralesional treatments, physical mo-
dalities, laser-based procedures, surgery, and selected
combination regimens. Evidence for individual interven-
tions and commercial formulations remains variable,
and direct comparisons are limited by differences in scar
type, study design, outcome measurement, and follow-
up. Treatment choices should therefore reflect scar char-
acteristics, patient preferences, safety, and the strength
and independence of the available evidence.

Combination therapies, targeted delivery systems,
and personalized approaches are important areas for
further investigation, but their clinical value should be
established through rigorous and independently repli-
cated studies before broad adoption.
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