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Abstract 

Background: As the primary structural protein of the cutaneous extracellular matrix, col-
lagen orchestrates all phases of wound healing, making it a critical substrate for advanced 
biomaterials. 
Objective: This narrative review synthesizes clinical evidence and mechanisms of colla-
gen-based biomaterials—including dressings, bioengineered skin substitutes, and scar 
therapies for cutaneous repair. 
Methods: High-level evidence from systematic reviews, meta-analyses, and RCTs was 
evaluated. 
Results: Clinical data strongly support collagen dressings, showing accelerated healing 
for diabetic foot ulcers (RR 1.69), venous leg ulcers (RR 1.36), and chronic wounds (RR 
1.44); collagen-ORC matrices perform best. In deep or severe injuries, acellular dermal 
templates (Integra®, Matriderm®) and living bilayered skin equivalents (Apligraf®) en-
hance anatomical restoration in full-thickness defects and burns. For scar modification, 
intradermal injectable collagen improves atrophic acne scars by 50–70%, and prophylactic 
collagen-GAG matrices reduce pathological postoperative scarring. Key limitations in-
clude high cost, biofilm degradation, and 1–3% immunogenicity (bovine derivatives), in-
creasingly bypassed by recombinant human collagen technologies. 
Conclusion: Level 1 evidence validates collagen-based biomaterials for chronic wound 
management, scar prevention, and atrophic correction. Future breakthroughs include 
MMP-responsive smart hydrogels and genetically personalized scar therapies. 
Keywords: Collagen dressings, Chronic wounds, Diabetic foot ulcers, Venous leg ulcers, 

Skin substitutes, Scar management, Recombinant human collagen. 
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Introduction 

The human skin possesses a remarkable, highly 

coordinated capacity to regenerate following inju-

ry through a tightly regulated sequence of events 

encompassing hemostasis, inflammation, prolifer-

ation, and tissue remodeling. At the structural epi-

center of this complex biological theater lies the 

extracellular matrix (ECM), with collagen serving 

as its most abundant and structurally critical com-

ponent. Beyond merely offering tensile strength to 

the recovering architecture, collagen functions as a 

dynamic, bioactive matrix that actively guides cel-

lular migration, proliferation, and signaling path-

ways among essential phenotypes such as fibro-

blasts and keratinocytes. When this harmonious 

regenerative cycle is disrupted by underlying sys-

temic pathologies,  
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clinicians are faced with two distinct, challenging 

manifestations of aberrant healing. On one end of 

the spectrum, wounds may stall permanently in a 

non-healing state, giving rise to debilitating chronic 

lesions like diabetic foot ulcers, venous leg ulcers, 

or pressure injuries. On the opposite end, hyperac-

tive healing can result in excessive, structurally 

chaotic tissue deposition, clinically presenting as 

hypertrophic scars or keloids. Collagen-based bio-

materials have been meticulously engineered to 

intervene at both extremes of this pathological 

spectrum. While basic native dressings establish a 

temporary matrix that jumpstarts granulation tissue 

formation, more advanced bioengineered options 

such as dermal regeneration templates and cellular-

ized skin equivalents—provide highly organized 

microenvironments for complex tissue restoration. 

Furthermore, in the realm of scar revision, collagen 

serves a dual purpose as both a prophylactic inter-

vention to steer remodeling away from hypertrophy 

and an autologous filling agent to correct estab-

lished atrophic deficits. 

This comprehensive review provides an exhaus-

tive, clinically oriented appraisal of collagen-

derived biomaterials within modern wound care 

and scar dermatology. We explore the foundational 

biology of these materials, analyze clinical trial 

data validating various dressings and advanced 

skin equivalents, evaluate modern scar prevention 

and correction strategies, and address pressing is-

sues regarding material immunogenicity and cost-

effectiveness. Crucially, this discussion centers 

strictly on native and cross-linked insoluble colla-

gen biomaterials designed for structural tissue en-
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Category  Collagen Dressings  Dermal Templates /  Injectable Scar 

Primary Application Chronic wounds 

(DFU, VLU, pressure) 

Full-thickness burns, 

deep defects 

Atrophic acne scars 

Key Product Exam-

ples 

Promogran®, Colla-

gen-ORC, silver-

collagen 

Integra®, Matri-

derm®, Apligraf®, 

OrCel® 

Bovine collagen, 

rhCollagen filler 

Mechanism MMP neutralization + 

exudate absorption + 

matricryptic signaling 

Neo-dermal scaffold + 

fibroblast infiltration + 

guided regeneration 

Volume restoration + 

fibroblast stretch + 

neocollagenesis 

Clinical Effect (Key 

Data) 

DFU: RR 1.69 | VLU: 

RR 1.36 | Chronic: RR 

1.44 

Integra®: reduced do-

nor-site morbidity + 

superior scar pliability 

50-70% volume im-

provement at 12 

months 

Regimen / Timing Continuous until 

wound closure 

Single application (2-3 

weeks to neo-dermis) 

2-3 sessions, repeat at 

12-18 months 

 Main Advantage Level 1 evidence, cost

-effective for refracto-

ry ulcers 

Enables single-stage 

or two-stage recon-

struction 

Long-lasting (>12 

months), recombinant 

options safe 

Main Limitation Ineffective against 

biofilms without silver 

High cost, short shelf-

life, cold chain re-

quired 

Not for hypertrophic 

scars/keloids 

(contraindicated) 

Table 1 summarizes the three categories of collagen-based biomaterials 
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gineering, intentionally excluding highly hydrolyzed 

peptides reserved for over-the-counter nutricosmetics. 

Collagen Biology in Wound Healing and Scar Path-

ophysiology 

The Structural Architecture of Healing 

Healthy human dermis is predominantly composed of 

a dense framework of type I collagen (comprising 

80% to 85% of total collagen content), interspersed 

with a smaller fraction of type III collagen (10% to 

15%). Immediately following a cutaneous breach, ac-

tivated platelets release an array of potent mitogens, 

including platelet-derived growth factor (PDGF) and 

transforming growth factor-beta (TGF-β), which rap-

idly recruit local fibroblasts to the injury site. During 

the initial proliferative phase, these fibroblasts rapidly 

synthesize type III collagen, establishing a compliant, 

highly vascularized provisional matrix known as gran-

ulation tissue. As the wound matures into the long-

term remodeling phase, this temporary type III colla-

gen framework is systematically replaced by robust 

type I fibers, dramatically increasing the tissue’s over-

all tensile strength. This delicate remodeling process 

can persist for over a year and is finely governed by a 

precise balance between matrix metalloproteinases 

(MMPs)—specifically MMP-1, MMP-2, and MMP-

9—and their endogenous counter-regulators, the tissue 

inhibitors of metalloproteinases (TIMPs). 

Pathological Deviations: Chronic Stasis vs. Hypertro-

phy 

In chronic, non-healing wounds, this elegant enzymat-

ic equilibrium undergoes a profound breakdown. Pro-

longed, non-resolving inflammation leads to an exces-

sive accumulation of pro-inflammatory cytokines and 

a catastrophic upregulation of destructive enzymes 

like MMP-2 and MMP-9. This hostile microenviron-

ment rapidly degrades both the patient's native ECM 

and any newly introduced raw collagen biomaterials, 

effectively preventing the wound from transitioning 

into a productive proliferative phase. Conversely, the 

clinical presentation of hypertrophic scars and keloids 

represents a diametrically opposed pathology. In these 

conditions, persistent TGF-β signaling and a marked 

deficiency in MMP-driven degradation cause local 

fibroblasts to undergo prolonged, uncontrolled hy-

perproliferation, depositing highly dense, unorganized, 

and cosmetically disfiguring bundles of collagen. 

Bioactive Signaling of Matricryptic Fragments 

A crucial feature of collagen biology is that its struc-

tural breakdown is far from an inert clearance process. 

Partial enzymatic cleavage of the collagen triple helix 

exposes previously hidden, highly bioactive molecular 

sequences known as cryptic RGD (Arg-Gly-Asp) mo-

tifs. Once exposed, these matricryptic fragments ac-

tively bind to specific integrin receptors on the surfac-

es of migrating fibroblasts and endothelial cells, trig-

gering a powerful cascade of chemotaxis, angiogene-

sis, and localized MMP production. This feedback 

loop demonstrates that even degrading collagen ac-

tively drives tissue regeneration—a biological princi-

ple that underpins the therapeutic rationale for utiliz-

ing biodegradable collagen dressings in clinical prac-

tice. 

The proposed mechanism by which collagen-ORC 

matrices neutralize MMPs and promote healing is il-

lustrated in Figure 1 

 

 Fig1: mechanism by which collagen-ORC matrices 

neutralize MMPs and promote healing  
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Clinical Implications for Collagen Interventions 

Non-soluble native collagen scaffolds not only serve 

as physical frameworks for cell infiltration but also 

function as slow-release vehicles for these bioactive, 

regenerative matricryptic fragments as they break 

down. 

To withstand the highly destructive, enzyme-rich envi-

ronment of chronic wounds, clinical collagen bio-

materials must either be stabilized via chemical cross-

linking or paired with protective, enzyme-modulating 

agents like oxidized regenerated cellulose. 

When managing scar tissue, the physical organization 

and density of the introduced biomaterial are para-

mount, as these structures dictate the directional align-

ment of fibroblasts during the crucial remodeling 

phase. 

Collagen Dressings in Acute and Chronic Wound 

Management 

Material Formulations and Therapeutic Logic 

Native collagen possesses a unique combination of 

clinical attributes: it exhibits intrinsic hemostatic prop-

erties through direct platelet activation, actively re-

cruits essential healing phenotypes, undergoes natural 

bio-resorption, and demonstrates exceptionally low 

overall immunogenicity. This versatile material can be 

engineered into an array of clinically practical config-

urations, including porous lyophilized sponges, topical 

sheets, amorphous hydrogels, fine powders, and flexi-

ble films, allowing clinicians to tailor interventions to 

specific wound presentations. 

Formulations of Native and Cross-Linked Matrices 

Topical collagen matrices are typically harvested from 

highly purified bovine, porcine, or equine tissues. To 

prevent these structures from undergoing immediate 

enzymatic dissolution upon contact with wound exu-

date, manufacturers frequently introduce chemical 

cross-links using agents such as glutaraldehyde or car-

bodiimide. This modification enhances the material's 

mechanical longevity and resistance to rapid MMP 

degradation, allowing the porous sponges to effective-

ly absorb excess exudate, maintain a balanced mois-

ture barrier, and continuously release therapeutic frag-

ments over an extended period. 

High-Level Clinical Evidence in Chronic Lesions 

A landmark Cochrane systematic review evaluated 31 

clinical trials involving 2,302 patients and conclusive-

ly demonstrated that topical collagen dressings 

achieve statistically superior complete healing rates in 

chronic wounds compared to traditional, non-biologic 

care protocols (RR 1.44). The relative risks for com-

plete healing across different chronic wound types are 

visualized in Figure 2. 

Figure 2: Relative risks for complete healing across differ-

ent chronic wound types  

Diabetic Foot Ulcers (DFUs): A rigorous meta-

analysis pooling data from 8 distinct RCTs revealed 

that incorporating collagen dressings into standard 

care regimens significantly boosts absolute healing 

velocity (OR 2.25) and shortens the overall time to 

complete wound closure by an average of 2.8 weeks. 

Venous Leg Ulcers (VLUs): In a large-scale multi-

center trial evaluating 176 patients, researchers found 

that combining a composite matrix of collagen and 

oxidized regenerated cellulose (ORC) with standard 

compression therapy yielded a notable 68% complete 

closure rate at week 12, compared to just 45% in the 

control arm (p=0.006). Broader meta-analyses have 

corroborated this trend, establishing a consistent rela-

tive risk of healing at 1.36. 

Pressure Injuries: The current body of evidence for 

pressure injuries remains less definitive. A Cochrane 

review evaluating six small-scale trials identified a 

generally positive therapeutic trend; however, these 

findings did not cross the threshold for robust statisti-

cal significance, highlighting the need for more expan-

sive clinical trials in this subcategory. 

Network meta-analyses evaluating various wound care 

modalities have consistently ranked composite colla-

Collagen,  Scar management 
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gen-ORC dressings at the top of the therapeutic 

hierarchy for diabetic lesions, followed closely by 

antimicrobial collagen-silver combinations and 

pure native collagen sheets. The specific mecha-

nism behind the superior performance of collagen-

ORC lies in its sacrificial chemistry: the matrix 

binds directly to uninhibited, destructive MMP 

molecules within the exudate, neutralizing them 

and normalizing the local microenvironment so 

that natural healing can resume. 

Acute Traumatic Wounds and Surgical Intention 

When deployed on acute split-thickness skin graft 

donor sites, collagen dressings have been shown to 

accelerate complete re-epithelialization by an aver-

age of 2.3 days while providing profound, clinical-

ly meaningful pain relief to the patient. Similarly, 

the prophylactic application of structured collagen-

GAG matrices over high-tension, closed abdominal 

surgical incisions successfully reduced the inci-

dence of post-operative wound dehiscence from 

18% down to just 5% (p=0.03). Despite these ex-

cellent outcomes, the routine use of premium colla-

gen biomaterials on clean, uncomplicated primary 

surgical closures is generally not considered cost-

effective. 

Critical Analysis of Clinical Limitations 

While the therapeutic benefits of collagen are clear, 

clinicians must navigate several real-world limita-

tions. The existing medical literature is character-

ized by high heterogeneity, with many smaller tri-

als suffering from a lack of strict double-blinding 

or standardization. Furthermore, aggressive bacte-

rial biofilms readily secrete specialized collagenas-

es that can destroy non-protected collagen matri-

ces; therefore, in heavily colonized or actively in-

fected wound beds, clinicians must use composite 

formulations containing integrated antimicrobial 

agents like silver or polyhexamethylene biguanide 

(PHMB). This was clearly illustrated in a recent 

trial where an antimicrobial silver-collagen gel 

achieved a 74% closure rate in infected diabetic 

wounds, compared to only 48% when using stand-

ard pure collagen (p=0.003). Additionally, hyper-

exudative wounds can rapidly oversaturate and 

compromise the structural stability of basic colla-

gen sponges, leading to premature structural break-

down. It is also important to note that most major 

clinical trials intentionally excluded patients suffer-

ing from severe uncontrolled ischemia or deep os-

teomyelitis, meaning these results cannot be indis-

criminately applied to advanced peripheral arterial 

disease presentations. Finally, although upfront 

material costs are undeniably higher than tradition-

al foams or gauzes, extensive health-economic 

modeling indicates that collagen-ORC remains 

highly cost-effective for refractory diabetic foot 

ulcers by significantly reducing long-term hospital-

ization and catastrophic amputation rates. 

Advanced Bioengineered Skin Substitutes and 

Dermal Templates 

Dermal Regeneration Templates (DRTs) 

The most extensively studied and widely utilized 

technology within this category is Integra®, a so-

phisticated bilayer matrix composed of bovine type 

I collagen and chondroitin-6-sulfate (a glycosa-

minoglycan), topped with a temporary, protective 

silicone membrane. When applied to clean, full-

thickness burn wounds or deep oncological resec-

tions, this porous matrix acts as an acellular dermal 

replacement, encouraging rapid neo-

vascularization and host fibroblast infiltration to 

synthesize an organized "neo-dermis" over a two-

to-three-week period. Once this dermal layer is es-

tablished, the outer silicone sheet is peeled away, 

allowing clinicians to place an exceptionally thin, 

aesthetically superior split-thickness autograft. A 

comprehensive meta-analysis encompassing 1,248 

patients confirmed that utilizing Integra® marked-

ly reduces donor-site morbidity and leads to superi-

or long-term scar pliability and cosmetic outcomes. 

Similar high-performing products include Matri-

derm®, which utilizes an integrated collagen-

elastin matrix, and Pelnac®, a porcine-derived col-

lagen framework backed with a silicone layer. 

Fig3. 

Living Cellularized Skin Equivalents 

Representing a higher tier of bioengineering com-

plexity, products like Apligraf® feature a distinct, 

living bilayered architecture. This substitute con-

Elahe Khademi, et.al. 
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sists of an underlying dermal layer of living, alloge-

neic human neonatal fibroblasts embedded within a 

purified bovine type I collagen matrix, over which is 

layered a stratified epithelium of living human neo-

natal keratinocytes. Approved by the FDA for both 

refractory venous and diabetic ulcers, Apligraf® 

acts as a dynamic bioreactor. A pivotal multi-center 

clinical trial demonstrated that incorporating 

Apligraf® into standard venous ulcer compression 

protocols drove complete healing rates up to 57% at 

12 weeks, compared to 37% for compression alone 

(p=0.006). A similar living alternative, OrCel®, fea-

tures cells cultured on a cross-linked collagen 

sponge and has shown utility in managing graft do-

nor sites and severe recessive dystrophic epidermol-

ysis bullosa wounds. While highly effective, these 

living cellular therapies face substantial practical 

challenges, including high acquisition costs, incredi-

bly brief shelf-lives, stringent cold-chain logistical 

requirements, and theoretical concerns regarding 

allogeneic immune responses or pathogen transmis-

sion. 

Collagen Modalities in Scar Prevention and Clin-

ical Therapy 

Prophylactic Approaches to Scar Mitigation 

Deploying specialized collagen-GAG matrices 

(such as Integra®) prior to definitive autologous 

skin grafting has been shown to minimize late-stage 

wound contraction and maximize final tissue elas-

ticity. In a controlled trial involving 82 patients un-

dergoing high-risk thyroidectomies or breast recon-

structions, the immediate application of topical col-

lagen-GAG sheets over deep fascial closures result-

ed in a statistically significant reduction in Vancou-

ver Scar Scale (VSS) scores at the six-month follow

-up, alongside high patient satisfaction. A recent me-

ta-analysis of nine distinct surgical trials further re-

fined this clinical strategy, indicating that utilizing 

prophylactic collagen matrices on high-tension inci-

sions yields the greatest clinical benefit when thera-

py is initiated within the primary 48-hour post-

operative window. 

Corrective Treatment of Established Atrophic Scars 

Intradermal micro-injections of stabilized, cross-

linked collagen—whether harvested from purified 

bovine sources, human donors, or engineered re-

combinantly offer a powerful mechanism for cor-

recting sunken, atrophic deformities such as severe 

acne scars. This technique works by physically re-

storing lost dermal volume while simultaneously 

stretching local fibroblasts, which triggers long-term 

endogenous neocollagenesis. A systematic review 

confirmed that a standard course of two to three in-

jection sessions regularly achieves a 50% to 70% 

objective improvement in scar depth, with therapeu-

tic benefits persisting for over 12 months. Further-

more, recent comparative trials pitting advanced re-

combinant human collagen against premium hyalu-

ronic acid fillers for acne scar revision demonstrated 

equal efficacy at six months; however, by month 

twelve, the recombinant collagen group displayed 

significantly superior structural longevity and scar 

correction (58% vs. 39%, respectively). Fig 4. 

Hypertrophic Scars and Keloids: Tactical Counterin-

dications 

It is clinically critical to establish that exogenous 

collagen products are explicitly not indicated as a 

primary standalone treatment for active hyper-

trophic scars or keloid lesions. Because these patho-

logical conditions are characterized by an overpro-

duction of native collagen, introducing more colla-

gen substrate can aggravate the condition. For these 

fibroproliferative disorders, established therapeutic 

standards—such as topical silicone sheeting, intrale-

sional corticosteroid injections, and targeted frac-

tional laser ablation—must remain the primary 

course of action. However, emerging research sug-

gests that specialized topical gels combining sili-

cone with collagen-silver matrices may offer subtle 

auxiliary benefits by managing localized pruritus 

and scar height during the subacute phase of burn 

scar maturation. 

Safety Profiles, Translational Hurdles, and Eco-

nomic Considerations 

Immunogenicity and Zoonotic Safeguards 

Under modern, highly regulated manufacturing 

frameworks, the theoretical risk of transmitting zo-
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onotic infections—such as bovine spongiform en-

cephalopathy (BSE) via medical-grade animal colla-

gen has been virtually eliminated. Nonetheless, de-

layed-type hypersensitivity reactions to bovine der-

mal collagen molecules still occur in roughly 1% to 

3% of the general population, clinically manifesting 

as localized erythema, induration, or sterile granulo-

ma formation. Consequently, performing a prelimi-

nary intradermal skin hypersensitivity test remains 

mandatory prior to administering animal-derived in-

jectable collagen therapies. The ongoing clinical 

shift toward human-derived donor tissue matrices 

and advanced recombinant production systems com-

pletely bypasses this allergic risk profile, rendering 

pre-treatment skin testing obsolete. 

Health-Economic Appraisals and Cost-Effectiveness 

On a per-unit basis, bioengineered collagen dressings 

command a substantial financial premium compared 

to elementary gauzes, hydrocolloids, or basic polyu-

rethane foams. However, rigorous health-economic 

evaluations using Quality-Adjusted Life Years 

(QALYs) demonstrate that deploying a premium col-

lagen-ORC matrix for non-healing diabetic foot ul-

Figure 4 outlines the clinical algorithm for collagen-based scar management, from prophylactic preven-

tion to corrective injection. 

Figure 3: Comparative efficacy of leading dermal regeneration templates and living skin equivalents  

Elahe Khademi, et.al. 
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cers falls well within standard cost-effectiveness 

thresholds. This economic viability is achieved by 

preventing expensive hospitalizations, specialized 

surgical debridements, and catastrophic lower-limb 

amputations. Conversely, applying these costly 

materials to routine, clean, primary surgical inci-

sions that possess an intrinsically high probability 

of unassisted healing fails to demonstrate any eco-

nomic or clinical justification. 

Emerging Horizons and Future Directions in 

Collagen Material Engineering 

Recombinant Human Collagen (rhCollagen) Tech-

nology 

The scalable synthesis of recombinant human col-

lagen within transgenic plant or yeast expression 

systems represents a major milestone in tissue en-

gineering. This technology yields an exceptionally 

pure product with absolute batch-to-batch structur-

al uniformity, completely free from the risks of 

animal-derived pathogen transmission or human 

hypersensitivity. Furthermore, bioengineers can 

precisely manipulate the genetic sequence of 

rhCollagen to alter its cross-linking density and 

precisely program its in vivo degradation rate. 

Multiple rhCollagen-based acellular scaffolds are 

currently undergoing advanced pre-clinical evalua-

tion and early-phase clinical trials for chronic 

wound repair. 

Smart, MMP-Responsive Matrix Materials 

One of the most promising frontiers in materials 

science involves the development of intelligent 

collagen hydrogels engineered with integrated, ma-

trix-metalloproteinase-cleavable peptide linkers. 

These responsive matrices remain structurally sta-

ble in a healthy environment but undergo localized 

degradation only when they encounter the abnor-

mally elevated MMP concentrations characteristic 

of a stalled chronic wound. As they dissolve, they 

release localized payloads of encapsulated angio-

genic growth factors or targeted small-molecule 

antibiotics precisely when and where they are re-

quired. Early prototypes have demonstrated a high-

ly responsive release profile, liberating therapeutic 

payloads five times faster when exposed to diabet-

ic wound fluid than when placed in contact with 

healthy serum. 

Living Stem-Cell/Collagen Composites 

The structural marriage of autologous or allogeneic 

mesenchymal stem cells (MSCs) with highly po-

rous collagen sponge scaffolds is shifting the 

boundaries of regenerative medicine. In a notable 

comparative trial, full-thickness diabetic wounds 

treated with an MSC-seeded collagen matrix 

achieved an impressive 75% complete closure rate 

at week eight, compared to a modest 45% closure 

rate in wounds treated with a standard, acellular 

native collagen sponge (p=0.04). Despite these 

stellar clinical outcomes, widespread translational 

adoption continues to face significant hurdles, in-

cluding complex regulatory approval pathways and 

high production costs. 

Personalized Scar Genomics and Precision Medi-

cine 

Recent high-resolution genetic mapping has identi-

fied distinct single-nucleotide polymorphisms 

(SNPs) within the human COL1A1, COL3A1, and 

MMP1 genes that directly correlate with an indi-

vidual's susceptibility to pathological scar for-

mation or chronic wound stasis. Looking ahead, 

the integration of routine pre-operative genomic 

profiling could empower clinicians to precisely 

predict a patient's healing trajectory before making 

the initial incision. This would allow for the selec-

tion of a customized collagen scaffold or targeted 

cross-linking profile tailored to the patient's genet-

ic predisposition, ultimately optimizing functional 

and aesthetic outcomes. 

Conclusion 

Collagen-based biomaterials represent a corner-

stone of modern regenerative medicine, providing 

clinicians with versatile tools to manage complex 

wounds and scar tissue. Level 1 clinical evidence 

firmly supports their efficacy in accelerating the 

closure of chronic, recalcitrant lesions—

particularly diabetic foot ulcers and venous leg 

wounds—with composite collagen-ORC matrices 

leading the field in performance. Concurrently, 
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acellular dermal regeneration templates and cellu-

larized bilayer skin equivalents have transformed 

the management of deep burns and full-thickness 

defects, while injectable collagen formulations re-

main highly effective for correcting atrophic dermal 

deficits. While challenges such as high material 

costs, potential immunogenicity in animal-derived 

products, and vulnerability to biofilm degradation 

persist, the field is evolving rapidly. The clinical 

translation of recombinant human collagens, smart 

MMP-responsive drug-delivery matrices, and ad-

vanced cellularized composites promises to further 

refine tissue repair, paving the way for personalized, 

highly predictable outcomes in cutaneous medicine. 
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