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blasts, are regenerative strategies that could improve scar elasticity, thickness, and hydration. Their
sequential combination might be an innovative approach.

Methods: In March 2024, a 56-year-old woman began treatment of a large, hypertrophic, partially retracted post-surgical scar in the
nasojugal area at the level of the right nasal wing. Ablative techniques were strictly contraindicated; therefore, a regenerative,
restructuring approach via carboxytherapy was chosen. A six-session carboxytherapy cycle was performed from October 10, 2024 (TO0)
to April 3, 2025 (T6). Each session, performed every 15 days, lasted approximately 10 minutes (flow rate: 60 mL/min, 30-G needle,
temperature 45°C). Evaluations were conducted after the third (T3) and last (T6) sessions, using the Antera 3D device (quantitative
three-dimensional objective analysis of scar depth, texture, erythrosis, and pigmentation) and the POSAS investigator and subject
scoring scales. A final injection of persistent hyaluronic acid was performed on April 3, 2025. To support and strengthen the
normalization of the scarring process, the first of a twice-yearly oral cycle of hydrolyzed marine collagen fragments began on
October 23, 2025.

Results: Over the six-month carboxytherapy treatment cycle, the scarred skin area showed significant improvement toward a normal
appearance. The vascularity POSAS score (observer component) decreased from 7 at baseline to 3 at T6; the thickness and flexibility
scores improved from 5 to 2 and from 7 to 3, respectively. Additionally, the POSAS pain and itching scores (patient component)
decreased from 6 to 1.

Conclusion: Stand-alone carboxytherapy again appears to be an effective option for hypertrophic, structurally abnormal scars. While
further investigations are underway, supplementation with hydrolyzed marine collagen fragments may help maintain the benefits of
prior carboxytherapy.

Plain Language Summary: Managing postsurgical scars, especially hypertrophic scars, is challenging. Carboxytherapy, the
intradermal or subcutaneous administration of carbon dioxide, is well known for reducing the aesthetic and psychological burden of
scars. It promotes local vasodilation, improves tissue oxygenation, and induces the production of new, well-organized collagen in the
scar area.

Emerging research on the skin-restructuring properties of orally absorbed fragments of marine collagen suggests that these bioactive
small peptides may also contribute to scar management. These small collagen peptides, produced at the end of the collagen lifecycle
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when skin collagen breaks down, stimulate skin fibroblasts to produce new collagen. Several marine collagen fragments are identical
to the small, bioactive peptides generated by collagen breakdown and likely act similarly.

For the first time, the authors tested an innovative regenerative strategy that sequentially combines six sessions of carboxytherapy
with long-term supplementation with hydrolyzed marine collagen in a 56-year-old woman. The woman sought treatment for
a disfiguring hypertrophic scar on the right nasal wing following surgery for a skin carcinoma.

The outcomes of this innovative treatment strategy appear encouraging, though preliminary, as the woman has completed only her
first at-home cycle of oral marine collagen supplementation.

Progress in the appearance of the disfiguring scar was monitored using a quantitative three-dimensional skin analysis device and the
Patient and Observer Scar Assessment Scale (POSAS). Definitive conclusions from any experience with a single patient must await
the results of well-designed clinical studies, some of which are already underway.

Keywords: carboxytherapy, hydrolyzed marine collagen, hypertrophic scar, postsurgical scar, regenerative medicine, scar

management

Introduction
Minor wounds that leave small scars are common throughout life, from childhood onward. Uncovering the molecular
events underlying this universal response to trauma, surgical wounds, or even adolescent acne vulgaris is ongoing.
Immediately after the initial inflammatory phase of injury, fibroblasts become the primary drivers of the subsequent
proliferative and remodeling phases of scarring. However, fibroblasts are not a uniform population in their roles in wound
healing and their potential to scar.'** Fibroblasts involved in scarring belong to the Engrailed-1-positive lineages (EPFs).
The role of Engrailed-1 lineage-negative fibroblasts (ENFs) is only partially understood. A dermal ENF subpopulation
can activate Engrailed-1 expression after birth during wound healing; mechanical tension triggers mechanotransduction.
Blocking this mechanotransduction pathway in genetically engineered animal models prevents Engrailed-1 activation
and promotes ENF-driven wound regeneration. This leads to visible and ultrastructural recovery of skin, dermal
structures, and appendages, along with restored mechanical strength.” Therefore, reducing mechanical tension during
postnatal wound healing could help shift the response from a fibrotic, EPF-driven process to a more regenerative, ENF-
driven one. Understanding the network of molecular signals that regulate the replacement of the initial Type-III collagen
with Type-I collagen and promote myofibroblast apoptosis during scar remodeling could open new avenues for strategies
to prevent fibrosis and promote regenerative scarring.

The Role of Regenerative Medicine in Scar Management
The challenges faced by the aesthetic medicine specialist and the aesthetic plastic surgeon extend beyond those
previously discussed. A primary question is how to minimize the impact of a hypertrophic scar, which is often pruritic
yet remains within the original wound’s boundaries, or of a disfiguring keloid that exceeds those topographic limits, has
a high tendency to recur, and shows disorganized collagen deposition.> > These lesions differ visibly and clinically. They
also share overlapping molecular mechanisms, including a dysregulated balance between Transforming Growth Factor
(TGF)-B1/TGF-B2 (pro-fibrotic) and TGF-B3 (anti-fibrotic) activities, as well as abnormal activation of the Integrin-FAK
(Focal Adhesion Kinase) and Wnt/B-catenin pathways.*> Most importantly, these aberrant scarring lesions share the
aesthetic, functional, and psychological burdens they impose.® Facial hypertrophic scars, which account for up to 27% of
all scars and impair mimic muscle function, can be especially troublesome, often beyond their aesthetic concern.®

Available evidence suggests that a regenerative medicine approach improves the management of abnormal scars by
enhancing scar elasticity, thickness, and hydration. For instance, these improvements are observed after treatment with
Platelet-Rich Plasma (PRP), especially when used as an adjunct rather than a stand-alone therapy.” Centrifuged PRP is
rich in growth factors that stimulate fibroblast regeneration and neoangiogenesis, including Platelet-Derived Growth
Factor (PDGF), TGF-8, and Vascular Endothelial Growth Factor (VEGF).”®

The rationale for the regenerative effects of intradermal or subcutaneous administration of medical-grade CO, via
minimally invasive microinjections (carboxytherapy) is equally sound. Short-term microcirculatory vasodilation and the
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Bohr effect (a rightward shift of the O, hemoglobin dissociation curve with increased oxygenation induced by local
acidification) are essential components of the complex bioregenerative process that results in a denser microcirculatory
network, improved blood flow, preserved fibroblast function, more uniform scar texture, and reduced local mechanical
tension.”'°

The emerging dermal and subdermal biorestructurative properties of orally bioavailable marine collagen fragments
may also contribute to scar management.'' The literature on this new addition to regenerative wound management is still
scarce but suggestive, indicating that further studies may better elucidate the likely role of these bioactive fragments in
wound management. Hydrolyzed oligopeptides promote fibroblast growth and enhance skin hydration by activating the
HAS?2 transcription pathway in dermal fibroblasts and stimulating hyaluronic acid synthesis.'*'? Hydrolyzed marine
collagen fragments likely affect fibroblasts by mimicking and supplementing the physiological effects of collagen
breakdown oligopeptides, known as matrikines, which are released in the dermis and subdermal tissues at the end of
the matrix collagen lifecycle.'*"

This case report details the progression and outcomes of a regenerative treatment strategy that sequentially combines
carboxytherapy with long-term consolidation using hydrolyzed marine collagen—an innovative approach not previously
tested—for a hypertrophic scar that developed in 2023 following surgical removal of an epithelioma in the nasojugal
region. All activities were within the approved regulatory indications for ambulatory carboxytherapy and at-home intake

of hydrolyzed marine collagen, thereby legally allowing the waiver of prior Institutional Review Board approval.

Material and Methods

Baseline Clinical Situation and Evolution Before Carboxytherapy

In mid-March 2024, a 56-year-old woman sought specialist advice and treatment, with the requirement to avoid ablative
techniques, for an aesthetically bothersome, star-shaped scar measuring approximately 6 cm in the nasojugal area at the
level of the right nasal wing. The scar was hypertrophic, partially retracted, and mildly pruritic. It followed the removal
of a basal cell carcinoma and a severe local infectious complication six months earlier, in late October 2023. It was
associated with slight atrophy of the right malar groove and recurrent episodes of right suborbital edema, resulting in
closure of the palpebral rim. Standard systemic therapy with corticosteroids and antibiotics effectively controlled minor
post-surgical fever and periocular edema within ten days. In her medical history, the woman reported an additive
mastoplasty at age 40, a left hip prosthetic replacement at age 41, and a more recent history of Hodgkin lymphoma
treated with radiotherapy in 2022. She had undergone frequent microinvasive mesotherapy (vitamins, amino acids,
microelements, nucleosides, and antioxidants) and filler sessions (hyaluronic acid) since age 40, particularly in the
zygomatic and nasolabial areas. At the time of surgery, she reported taking nutritional supplements; she had also
attempted, without success, to reduce the visual impact of the scar with topical corticosteroids and a cream containing
hyaluronic acid, dimethicone, and essential oils to improve scar elasticity.

During the mid-March baseline assessment, ultrasound of the dermis, subdermis, and subcutaneous tissues using an
18 MHz probe revealed a large hypoechoic, edematous area extending from the dermis to the superficial subdermis,
followed by a hyperechoic area reaching the bone layer on deeper probing. In the nasolabial region, the scan revealed
numerous small hypoechoic zones surrounded by intense tissue hyperechogenicity, likely due to previous injection
sessions. Bilaterally in the suborbital areas, ultrasound imaging showed mild hyperechogenicity (approximately 8 mm),
likely representing an edematous region undergoing active, chaotic restructuring, suggesting that a regenerative medicine
strategy would have been more likely to yield benefits.

At this point, the woman agreed, by signing a detailed informed consent form, to undergo a carboxytherapy treatment
cycle. Table 1 outlines the sequence of events, beginning with the October 2023 removal of the skin carcinoma, followed
by the infectious complication and the mid-March baseline assessment.

After discontinuing topical corticosteroids on April 15, 2024, the woman began carboxytherapy preparation with
a triamcinolone acetonide injection (0.1 mL with 0.1 mL of lidocaine) and oral bromelain (500 mg daily for 30 days). On
June 10, 2024, the hypertrophic nasojugal scar and right suborbital edema remained unchanged; another triamcinolone
acetonide injection and daily bromelain were continued for an additional 30 days.
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Table | Timeline of Events Following the Initial Index Event (Surgery for Basal Cell Carcinoma and the Infectious Complication,
October 2023): Details of Dates (Dates or Periods), Corresponding Events/Clinical Status (Clinical Stage), and Procedures Performed

(Intervention or Assessment)

Clinical Timeline

Dates or Clinical Stage Intervention or Assessment

Periods

October 2023 | Index event Surgery for basal cell carcinoma and infectious complication
Mid-March Baseline First assessment including echography

2024

April 15,2024 | Preparation to carboxytherapy Topical steroids suspended; triamcinolone acetonide injection and beginning of oral
bromeline for 30 days

October 10, TO First carboxytherapy session; basal skin quality quantitative assessment (digital device)

2024
October 10, First period of sequential First of six sequential carboxytherapy sessions every |5-21days
2024 treatment

April 3,2025 | Té6 Last carboxytherapy session; final skin quality quantitative assessment (digital device) and

POSAS; HA filler

May 2025 Follow-up Monitoring after the end of the carboxytherapy regenerative treatment and HA filler;

occasional skin quality quantitative monitoring (digital device) of the treated scar area
October 23, Second period of sequential Beginning of the first cycle of oral supplementation with hydrolyzed marine collagen (3
2025 treatment — consolidation months)

April 24,2026 | Second period of sequential Interim assessment during the second consolidation and regenerative treatment cycle;

treatment — consolidation photographic documentation

The Carboxytherapy Treatment Cycle

On October 10, 2024 (T0), the woman underwent the first carboxytherapy session (device: Carbomed CO, Taumed®, flow
rate: 60 mL per minute, 30-G needle, temperature controlled at 45°C). She completed the six-session cycle, with one session
(about 10 minutes total) every few weeks, by April 3, 2025 (approximately 120 cc per session until visual evidence of
transient paleness). Figure 1 shows the baseline condition of the disfiguring scar immediately before starting CO, injection.

Monitoring and Assessment Techniques

After the TO baseline evaluation on October 10, 2024, the evolution of the hypertrophic scar was assessed after three
sessions (T3) and at the end of the six-session cycle (T6), using both objective measures (quantitative Antera 3D® digital
three-dimensional imaging and analysis of superficial groove depths, texture, erythrosis, and pigmentation of the
hypertrophic scar and adjacent skin) and clinical assessments (POSAS investigator and subject scoring scales,
Figure 2).'"'? All digital photographs at TO, T3, and T6 were taken under standardized lighting and subject positioning.
Occasional Antera 3D® digital monitoring of the carboxytherapy-treated area continued after the six-session carbox-
ytherapy cycle until mid-October 2023.

Several months after completing the planned carboxytherapy cycle, the need to enhance and strengthen the results
achieved so far prompted a second, less invasive regenerative medicine strategy based on hydrolyzed marine collagens
and their highly bioavailable, orally bioactive oligopeptides.'' On October 23, 2025, following a monitoring visit, the
woman began taking 5 g of hydrolyzed marine collagen oligopeptides daily as a dictary supplement (Nashira
COLLAGEN, Astéria Pharma, Milan, Italy) for three months. The most recent monitoring visit and visual documentation
of the scar’s evolution occurred on February 20. Oral intake of bioactive marine collagen fragments will be repeated
every 6 to 9 months.

Results
On October 10, 2024, as expected, the treated scar area showed mild inflammation immediately after the carboxytherapy
session (Figure 3). This irritation resolved quickly, and the recommendation was to continue applying the same soothing
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Figure | Baseline (TO) presentation of the hypertrophic scar before the first carboxytherapy session on October 10, 2024.

Normal skin Worst scar imaginable
Observer component

1 2 3 4 5 6 7 8 9 10
Vascularity O O O O @) O O O O O
Pigmentation O O O O @) O O O O O
Thickness O O O O O O O O O O
Relief O O O O O O O O O O
Pliability O O O O O O O O O O
Surface area O O O O @) O O O O O
Overall opinion O O O O @) O O O O O

Pati No Yes
s L iy 1 2 3 4 5 6 7 8 9 10
Is the scar painful? O O O O @) @) O O O O
Is the scar itching? O O O O @) O O O O O
Is the color of the scar different? O O O O O O O O O O
Is the scar more stiff? O O O O @) O O O O O
Is the thickness of the scar different? O O O O O O O O O O
Is the scar irregular? O O O O O O @) O O @)
Overall opinion O O O O @) O O O O O

Figure 2 The observer and patient components of the Patient and Observer Scar Assessment Scale (POSAS). In the observer component, all parameters consisted of an
additional category: Vascularity: pale, pink, red, purple, or mix; Pigmentation: hypopigmentation, hyperpigmentation, or mix; Thickness: thicker or thinner; Relief: supple, stiff,
or mix; surface area: expansion, contraction, or mix. Credit: Draaijers L) et al (Ref'?).

cream, containing hyaluronic acid, dimethicone, and essential oils, twice daily. All six carboxytherapy sessions pro-
ceeded without delays or safety concerns. The hypertrophic nasojugal scar’s disfiguring appearance gradually improved
over the six treatments. The complete set of images is available upon reasonable request.

Figure 4 shows the final overall aesthetic result after session six on April 23, 2025, approximately 6 months after the
first carboxy therapy session. After the last CO, infiltration, a vial of persistent, highly flexible hyaluronic acid gel was
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Figure 3 Mild inflammation in the hypertrophic scar area after the first carboxytherapy session on October 10, 2024.

Figure 4 Final evidence of the originally partially retracted hypertrophic scar immediately after the sixth and final carboxytherapy session on T6é (April 3, 2025), immediately
before the injection of persistent hyaluronic acid that concluded the six-session carboxytherapy cycle.

injected: first superficially with a needle, then more deeply with a cannula. Figure 5 shows the acne scar area on the
same day, immediately after the hyaluronic acid injection.

Table 2 presents the quantitative changes in the three-dimensional digital analysis parameters during the six-month
carboxytherapy sessions and the evaluation period. Figure 6 illustrates the visual improvements in erythrosis and the
depth of superficial scar grooves over the same period, indicating structural remodeling of the hypertrophic scar and
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Figure 5 Condition of the scarred skin area on the last day of the carboxytherapy cycle, after the final hyaluronic acid injection.

surrounding skin. During this period, the vascularity POSAS score (observer component) improved from 7 at baseline to
3 at T6; the thickness and flexibility scores improved from 5 to 2 and from 7 to 3, respectively. Additionally, the POSAS
scores for pain and itching (patient component) improved from 6 to 1.

Figure 7 shows, on the left, the scarred skin area almost two months after the hyaluronic acid injection (May 29,
2025), and on the right, the same area on October 23, 2025. That October date marks the beginning of the second skin-
restructuring treatment course, based on the regenerative properties of hydrolyzed marine collagen fragments (Figure 8),
to help support and strengthen the normalization of the scarring process. The first of a twice-yearly cycle of three-month
daily intake of bioactive marine collagen hydrolysates began in late October 2025 and ended in late January 2026.

Figure 9 shows the appearance of the hypertrophic scar area on April 24, 2026, the most recent control visit to date,
approximately six months after starting oral intake of bioactive marine collagen fragments. The area appears well-
preserved. The woman was and remains grateful for the aesthetic result achieved to date. She reports marked improve-
ment in her self-image, self-esteem, and confidence in social interactions.

Table 2 Changes in Digitally Measured Three-Dimensional Scar
Parameters from Baseline to the Final Assessment After the Six-
Session Carboxytherapy Cycle. Absolute Values are Reported
for Texture, Erythrosis, and Pigmentation

TO Assessment | Té Assessment | Change
Scar depth 354 mm’ 28.6 mm’ —19.4%
Texture 13.1 10.4 —20.6%
Erythrosis 1.64 1.40 —14.6%
Pigmentation | 0.61 0.55 -9.4%
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Figure 6 Changes from TO to Té in erythrosis (top left and right images, respectively) and in the depth of superficial grooves (bottom left and right images, respectively) of
the nasojugal scar and surrounding skin. Groove depth is proportional to color intensity (from green to blue to purple): the disappearance of the purple color code, as
evidenced within the two comparative red circles, indicates shallower grooves than at baseline.

Discussion
Excavated dermal depressions resulting from collagen destruction after severe inflammation are a hallmark of atrophic
scars. Their clinical appearance varies. Most are narrow, sharply defined, V-shaped fibrous lesions that extend deep into
the dermis and account for 60% to 70% of atrophic scars. Wider U-shaped scars with vertical edges reach 0.1 to 0.5 mm
into the dermis and make up 20% to 30%. Irregularly rolling scars with fibrous tethering of the dermis to the subcutis
account for 15% to 25%.%°

The literature provides a solid and reasonable basis for the regenerative effects of subdermal carboxytherapy in
treating depressed and hypertrophic scars, and the case report seems to confirm these effects, with notable results at the
end of the six-session treatment cycle in early April 2025. Carboxytherapy can be used as a stand-alone treatment or
combined with other biorestructuring strategies, such as PRP; the mechanisms by which it exerts its regenerative effects
in the skin are reasonably well understood.”?' Carboxytherapy increases Matrix Metalloproteinase-1 (MMP-1) expres-
sion compared with PRP.? Carboxytherapy produces a short-lived microcirculatory vasodilatory effect that lasts only
a few minutes. The locally decreased pH and the Bohr effect activate dermal fibroblasts through the acknowledged action
of pro-inflammatory cytokines such as interleukin (IL)-6 and tumor necrosis factor (TNF)-a.”?* This leads to increased
production of collagen and extracellular matrix, microcirculatory vasodilation with improved local blood flow, and long-
term increased oxygenation. It also results in reduced scar volume with better morphometry, decreased local mechanical

tension, and the release of local growth factors that promote angiogenesis, lipolysis, and skin regenera‘cion.g’23

8 https: International Medical Case Reports Journal 2026:19



Fraone et al

Figure 7 Left snapshot (May 29, 2025): Follow-up monitoring of possible aesthetic changes in the scarred area one month after the final hyaluronic acid infiltration and
almost two months after the last carboxytherapy session. Right snapshot (October 23, 2025): condition of the scarred area at the start of the second skin-restructuring
treatment course using bioregenerative hydrolyzed marine collagen fragments.

In addition to biochemical mechanisms, mechanical effects of pressure and CO, flow in the dermis and subcutaneous
tissue activate fibroblasts via internal mechanotransduction pathways.>> A preliminary course of corticosteroid infiltra-
tions, performed between April and May 2025, reduced inflammation and collagen overproduction.”* The marked
aesthetic improvement, improved scar texture (digitally estimated at 45%), and volume reduction (60-70%) of the
disfiguring hypertrophic scar between autumn 2024 and spring 2025 attest to the bioregenerative and restructuring
properties of microinvasive carboxytherapy. Treatment was associated with minimal, temporary discomfort. Erythema
lasted no more than 30 minutes. Decreased pigmentation is somewhat unexpected. Although there is currently a lack of
gold-standard, evidence-based treatments for pigmentation issues, carboxytherapy has already been shown to be
effective, for instance, for periorbital hyperpigmentation.?

Confounding Factors and Limits to More Definitive Conclusions
The three-month maintenance course using marine collagen hydrolysates aligns with the favorable expectations regarding
their dermal-restructuring effects; however, definitive confirmation remains premature.

The role of these bioactive fragments remains the central point of debate in this case report, which should be regarded
only as hypothesis-generating. Any discussion of observed outcomes in a single patient without a control group is only
preliminary; more definitive conclusions must await the results of well-designed, randomized, controlled prospective
clinical studies, some of which are already underway. Any pretense of a conclusion beyond a simple suggestion aligned
with available evidence is vulnerable to interference from several confounding factors. First, oral maintenance with
marine collagen fragments, begun only four months after initiating bioactive hydrolysates, is still in its very early stages.
A more confident judgment should wait at least a second maintenance course and several more months, namely, at least
eight to twelve months after the last carboxytherapy session. A second potentially powerful confounding factor, at least
in these early months after the end of the carboxytherapy course, is the persistent volumetric effect of the final hyaluronic
acid injection administered immediately after the last CO, infiltration. The confounding effect of this late infiltration of
flexible hyaluronic acid, if any, will become clear only in the next months.

The authors acknowledge that neither of their two regenerative treatments is novel. The novelty lies in their sequential
combination to sustain the results of carboxytherapy over time.*>*® Stand-alone carboxytherapy remains a viable and
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Some marine collagen oligopeptides with specific
amino acid sequences exhibit high homology with

EXTRACELLULAR recognised matrikines and bind to the same
MATRIX fibroblast-binding sites, prompting a cascade of
events including the production of new collagen.
Collagen JThe binding sites of matrikines on fibroblasts, including

fibrils

native collagen fragments and marine collagen
, hydrolysates, are cell surface receptors of chemokines,

cytokines, ion channels, and growth factors.
' Summarising, marine collagen fragments act
passively by adding to the pool of native

ARGE Sl RYSINGe Of 401 collagen matrikines and supporting their

160 days, at the end of the

native collagen lifespan, skin physiological positive feedback loop that
collagen fibrils are degraded underlies the continuous activation of
into oligopeptides and fibroblasts.
constituent amino acids.
Hydrolysed collagen Fibroblast
peptides in orange. nucleus
Fibroblast
cytoplasm

Figure 8 The effects of hydrolyzed marine collagen on fibroblasts mimic and enhance those of physiological matrikines as native collagen reaches the end of its lifespan in the
dermis and subdermal tissues. Reproduced and adapted from Bartoletti E et al (Ref'') under a Creative Commons CC BY-NC 4.0 License.

effective treatment option for hypertrophic, structurally abnormal scars. Properly designed clinical studies may, in the
future, confirm that boactive hydrolyzed marine collagen fragments are a sound choice for preserving and strengthening
results achieved with prior carboxytherapy, as suggested by experimental evidence. Randomized controlled trials with
long-term follow-up are also warranted to optimize dosages, duration, and technical parameters of this potentially
innovative sequential regenerative approach for the management of abnormal scars. Well-designed studies would also
be welcome to elucidate the cytokine and, more generally, biochemical changes that occur after carboxytherapy and
during chronic intake of marine collagen hydrolyzates.

Conclusions

The rationale for using bioactive marine collagen fragments, taken orally months after carboxytherapy sessions to
reinforce and sustain previously achieved results, appears reasonably well supported by the experimental literature,
although clinical evidence remains lacking and should be developed as soon as possible.'' They appear to efficiently
inhibit abnormal fibrosis in experimental models, probably because they are similar, if not identical, to physiological
collagen matrikines derived from native dermal collagen at the end of its lifecycle. Examples include fibrosis induced by
collagen I-derived C-1158/59 and endostatin, the C-terminal end of collagen XVIIL'® These bioactive collagen fragments
have high systemic bioavailability, comparable to proline, and their bioregenerative and biorestructuring properties are
associated with minimal antigenic potential and a low risk of Type 1 immediate hypersensitivity.?’* Across all clinical
studies conducted to date in aesthetic medicine rather than wound management, their safety profile appears comparable to
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Figure 9 Follow-up interim control of the hypertrophic scar area on April 2, 2026, the most recent monitoring visit, approximately nine and a half months after the last
carboxytherapy session and six months after the second skin-restructuring treatment course with bioactive hydrolyzed marine collagen fragments began.

that of a placebo.'' Notably, aesthetic benefits, such as improved appearance of wrinkles, are associated with increased
subepidermal echogenicity, a normalized collagen texture with fewer huddled and coarse collagen fibers, and reduced

elastosis.?’

Data Sharing Statement
The minutes of clinical activities from the initial assessment visit and the six-session carboxytherapy treatment cycle are
archived and available upon reasonable request from the Corresponding Author.
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