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Abstract: Facial thread lifting with absorbable threads such as poly(L-lactide-co-ε-
caprolactone) (P(LA/CL)) has been explored in an animal model. This experimental study
utilized P(LA/CL)-HA-micro threads enhanced with hyaluronic acid microencapsulation
via NAMICA technology in five four-month-old female pigs. The effects were compared
to those of P(LA/CL)-HA threads over a six-month period through histological analysis.
The results indicated improvements in skin remodeling, with P(LA/CL)-HA-micro threads
enabling controlled and prolonged release of hyaluronic acid, leading to sustained improve-
ments in tissue structure. These findings suggest that microencapsulated threads could
enhance therapeutic outcomes; however, these results are preliminary and derived from an
animal model. Further research and clinical trials are necessary to confirm these benefits in
human subjects.

Keywords: biorevitalization; non-surgical facelift; hyaluronic acid; skin remodeling;
lifting threads

1. Introduction
Facial thread lifting is recognized as a minimally invasive technique characterized by

notable aesthetic results. Traditionally, this procedure is associated with few significant
complications, which highlights its perceived safety and efficacy [1,2]. However, recent
comprehensive meta-analyses, including a study by Niu Z. et al. (2021) [2], suggest that
complications, while generally infrequent, do occur at notable rates. This meta-analysis,
which reviewed 26 studies, revealed the following complication rates: swelling (35%),
skin dimpling (10%), paresthesia (6%), thread visibility or palpability (4%), infection (2%),
and thread extrusion (2%). Importantly, the type of thread used significantly influences
complication rates; compared with non-absorbable threads, absorbable threads are associ-
ated with a significantly lower risk of paresthesia (3.1% vs. 11.7%) and thread extrusion
(1.6% vs. 7.6%). Additionally, age appears to be a critical factor in the risk profile; patients
older than 50 years experienced higher rates of skin dimpling (16% vs. 5.6%) and infec-
tion (5.9% vs. 0.7%) than their younger counterparts did. These findings underscore the
necessity of careful patient selection and technique customization to minimize adverse
outcomes [3].

Cosmetics 2025, 12, 20 https://doi.org/10.3390/cosmetics12010020

https://doi.org/10.3390/cosmetics12010020
https://doi.org/10.3390/cosmetics12010020
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/cosmetics
https://www.mdpi.com
https://orcid.org/0000-0002-1344-9654
https://orcid.org/0000-0002-0959-252X
https://doi.org/10.3390/cosmetics12010020
https://www.mdpi.com/article/10.3390/cosmetics12010020?type=check_update&version=3


Cosmetics 2025, 12, 20 2 of 25

Considering the intricacies involved, the utilization of ultrasonography (US) is becom-
ing increasingly indispensable in enhancing the accuracy and safety of minimally invasive
cosmetic interventions, such as thread lifting. Ultrasonography, which is renowned for its
non-invasive, dynamic, and cost-efficient characteristics, enables real-time imaging crucial
for the precise placement of sutures, thereby minimizing the likelihood of adverse events.
Furthermore, ultrasonography facilitates a thorough evaluation of dermal thickness, vol-
ume augmentation, and vascular architecture, including the application of color Doppler
US to monitor hemodynamic changes associated with inflammation, thus assisting in the
prevention and management of potential complications [4,5].

At present, absorbable threads are made from biodegradable synthetic polymers
such as polydioxanone (PDO) or poly-p-dioxanone (PPDO), polyglycolic acid (PGA),
poly-L-lactic acid (PLLA), polylactic acid-caprolactone (PLACL), polylactic-co-glycolic
acid (PLGA), and poly(ε-caprolactone) (PCL) [6–9]. Recently, the field has expanded
to incorporate poly(L-lactide-co-ε-caprolactone) (P(LA/CL)), a copolymer derived from
L-lactic acid (LA) and ε-caprolactone (CL) [10]. This material is utilized across several
areas of tissue engineering, regenerative medicine, and aesthetic medicine. It has high
biocompatibility, safety, and tolerability, making it ideal for uses that demand extended
performance owing to its slower degradation pace [11–13]. The degradation timeline for
these threads generally ranges from 9 to 12 months, offering sufficient support for tissue
remodeling and potentially prolonging the lifting effect [14]. Clinical research indicates
that the effects of P(LA/CL) threads may extend beyond 18 months because their collagen-
stimulating properties are improved compared to those of earlier generations [13].

As the field of aesthetic medicine has evolved swiftly, addressing the notable gap
in predictive effectiveness is essential. In choosing threads for facial thread lifting, it is
crucial to evaluate not only their capacity for an immediate lifting effect but also their role
in facilitating structural skin remodeling. The absence of biorevitalizing properties in these
threads could curtail the long-term success of lifting procedures, possibly failing to fulfil the
expectations of aesthetic medicine practitioners and their patients. To improve therapeutic
outcomes, thread lifting is often paired with hyaluronic acid injections, which have been
proven to improve clinical results [15,16]. Using a synergistic approach, APTOS LLC
(Tbilisi, Georgia) was developed by developing hyaluronic acid-coated threads designed to
streamline the lifting process and reduce adverse effects following the procedure, thereby
improving overall patient outcomes [6,17,18].

NAMICA encapsulation technology, developed by APTOS LLC (Tbilisi, Georgia),
introduces a method for the extended release of hyaluronic acid through medical implants.
This patented technique [17] starts by mixing medium molecular weight, non-crosslinked
sodium hyaluronate at 2 wt% of the total mass with isopropyl alcohol at 98 wt% of the total
mass. This process creates an emulsion, which serves as the foundation. To this base, an
organic solvent, along with a copolymer (balanced mixture of PLLA and/or poly-D-lactic
acid (PDLA) in a 1:1 ratio), is added. This mixture is then uniformly applied to the surface
of lifting threads by electrospinning over a period of 60 s, resulting in a consistent coating
that is 10 microns thick.

This coating comprises polymer microfibers embedded with polysaccharide microcap-
sules, ranging in size from 1 to 30 microns (Figure 1). It is designed for the gradual release
of HA, as assessed via an assay that utilizes high-performance liquid chromatography
(HPLC). This methodology provides precise measurements of the microcapsule dissolution
rates, enabling the evaluation of the release kinetics of the embedded active substances. The
assay is conducted under simulated physiological conditions using phosphate-buffered
saline (PBS) at a pH of 7.4 to mimic the body’s environment. This setup ensures that
the performance of the coating in terms of gradual substance release can be accurately
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monitored over specified time intervals, providing data for optimizing the therapeutic
efficacy and application timing of the coated implants.
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Figure 1. This illustration depicts the surface topography of the P(LA/CL)-HA-micro thread, as
observed through scanning electron microscopy (SEM) at a magnification of 8900×. The image
reveals three measured microcapsules embedded within the microfibers of the copolymer matrix.
The acquisition was executed via an in-beam secondary electron detector, employing a beam energy
of 2 keV and a beam current of 10 pA, configured to ultrahigh-resolution scanning mode. With a
field of view measuring 31.3 µm and a working distance of 4.91 mm, the setup facilitated an intricate
depiction of the microstructural elements.

The copolymerization of lactide with ε-caprolactone effectively modulates the mechani-
cal properties, shape-memory capabilities, degradation kinetics, and controlled drug-release
properties of PLLA, enhancing its biomedical applications. Synthesization through ring-
opening polymerization (ROP), P(LA/CL) allows precise control over its characteristics by
adjusting the molar ratios of L-lactic acid (LA) and ε-caprolactone (CL) and the polymeriza-
tion duration, which is typically optimized at a 1:1 LA to CL ratio over 30 h [11,19].

These parameters influence the copolymer’s molecular weight, polydispersity, and
glass transition temperature, which exhibit an augmentation correlating with the elevated
levels of LA content. Mechanically, P(LA/CL) exhibits superior toughness and elasticity,
making it suitable for dynamic biomedical uses. Its biodegradability and bioabsorbability
further support its use in medical applications requiring temporary structural support [11].

The beneficial effects of P(LA/CL) threads on the production of collagen, which is
essential for skin rejuvenation, are well established in the scientific literature [13]. Never-
theless, it is crucial to acknowledge that a comprehensive assessment of structural skin
remodeling needs to go beyond merely evaluating the effects on collagen production. An
in-depth evaluation should also account for the thread’s specific effects on stimulating
type I and III collagen, promoting elastogenesis, modifying the cellular composition, and
affecting the morphometric properties of vessels. Moreover, a detailed morphological
assessment might necessitate the examination of additional parameters to fully understand
the extent and effectiveness of the intervention.
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In our experimental study, we evaluated the long-term efficacy of lifting threads pro-
duced by Aptos LLC (Tbilisi, Georgia) [17], which are composed of P(LA/CL) embedded with
encapsulated microscale hyaluronic acid particles via NAMICA technology (P(LA/CL)-HA-
micro). This advanced approach capitalizes on the ability of P(LA/CL) to deliver hyaluronic
acid in a controlled and sustained manner, aiming to enhance therapeutic outcomes in tissue
rejuvenation and improve skin structure. By integrating NAMICA technology, the threads
provide a precise release profile of hyaluronic acid, optimizing its bioavailability and maxi-
mizing the functional benefits over an extended period. The primary goal of this research was
to assess and compare the effectiveness of the P(LA/CL)-HA-micro formulation with that of
traditional P(LA/CL)-HA formulations over a six-month period, particularly with respect
to their impact on skin remodeling. This study highlights the potential of microscale HA
encapsulation to significantly enhance the performance and durability of medical implants,
underscoring its advantages in improving aesthetic outcomes.

2. Materials and Methods
The inclusion criteria for utilizing the porcine model were as follows:

1. Breed: Large White;
2. Age: Four months;
3. Weight: Commencing at 40 kg;
4. Health: The pigs must be in optimal health and devoid of any discernible diseases

or abnormalities;
5. Gender: Female;
6. Housing: There should be a one-week acclimatization period prior to the commence-

ment of the study.

The exclusion criteria for utilizing the porcine model were as follows:

1. Health: Any pigs demonstrating symptoms of illness, injuries, or other health compli-
cations were excluded.

2. Reproductive Status: Female pigs that are pregnant or currently lactating are
not eligible.

3. Prior Research Involvement: Pigs previously utilized in experimental procedures are
precluded from participation.

The research involved five 4-month-old female pigs of the Large White breed, each
weighing 40 kg at the start of the study. These animals were housed under conditions opti-
mized for their well-being, with temperatures maintained at 21 ± 2 ◦C, relative humidity
between 30–60%, and a light/dark cycle of 12 h each starting at 7 AM. Food and water
were available to them at all times. Following a one-week acclimatization period, the pigs
were randomly assigned numbers.

The procedure for thread placement was conducted under both inhalational and intra-
venous anesthesia in a sterile surgical environment. The investigation employed systemic
analgesics routinely utilized in both veterinary and clinical settings. The standardization of
anesthesia induction across all subjects involved the administration of 6 mL of xylazine and
0.7 mL of zoletil 100, both of which were delivered intramuscularly. This protocol facilitated
the catheterization of the external auricular vein via a 22 G catheter, which was essential
for subsequent interventions. To sustain the anesthetic plane, intermittent intravenous
administration of 4 mL of propofol at 20 min intervals was implemented.

During the intraoperative phase, anesthesia was maintained with a 3.0 vol% con-
centration of isoflurane administered via mask inhalation for three minutes. Further
maintenance of anesthesia involved the use of a Dräger Fabius Plus anesthesia machine
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(Berlin, Germany) to deliver a gaseous mixture containing 65–70% oxygen and 1.5 vol%
isoflurane. Additionally, propofol was continuously infused at a rate of 25 mL/h.

Prophylactic measures to prevent postoperative complications included the adminis-
tration of 1.0 mL of ceftriaxone intramuscularly once. Intraoperative monitoring parameters
included heart rate, arterial pressure, and pulse oximetry. Recovery from anesthesia was
typically observed within 30–40 min following the cessation of propofol infusion and
discontinuation of the inhalational anesthetic agent.

Prior to surgery, the surgical sites on the torso and limbs (both forelimbs and hindlimbs)
were shaved and disinfected with 70% alcohol. Using an 18 G straight needle, five threads
of each type were implanted into the subcutaneous layer of each pig, oriented parallel to
the skin surface. Access was gained on the right side via 5 puncture points where 5 units
of absorbable P(LA/CL)-HA threads (produced by APTOS LLC (Tbilisi, Georgia)) were
implanted. Similarly, on the left side, 5 puncture points were used for the implantation of
5 units of P(LA/CL)-HA-micro threads from the same manufacturer. The access points
were subsequently sealed with aseptic stickers. All threads used were 15 cm in length,
non-barbed, and USP 2–0 in size. The surgical procedures were carried out successfully
without any complications.

Following the implantation of the lifting threads, samples of skin along with sub-
cutaneous tissue were collected at 5 distinct time points: 7, 21, 30, 90, and 180 days. A
15 cm segment of soft tissue was surgically removed, from which three specimens were
harvested for detailed histological evaluation—one from each extremity and one from the
median section (Figure S1). Untreated skin from nearby areas served as a control. Each pig
was subjected to the same procedural sequence at intervals of 1 week, 21 days, 1 month,
3 months, and 6 months post-reading to analyze the effects systematically.

Post-experiment euthanasia was administered through an intravenous overdose of
xylazine and zoletil 100, culminating in exsanguination once profound drug-induced sleep
was attained.

Tissue samples were preserved by fixing them in 7% neutral buffered formalin for 24 h,
effectively stopping the biochemical processes within the tissues. After fixation, the biopsy
samples were dehydrated through a graded alcohol series and then permeated with or-
ganic solvents prior to being encased in hot liquid paraffin. As the paraffin solidified upon
cooling, it provided essential structural support to the tissues. These prepared samples
were subsequently cut into full-thickness slices of 5–7 microns using a microtome. A mini-
mum of three sections from each sample were transferred to glass slides for microscopic
evaluation. The sections were then dewaxed and stained via three different procedures:
(1) hematoxylin and eosin (H&E), (2) Weigert-Van Gieson, and (3) Sirius Red staining.
Each staining method was selected to highlight different tissue components for detailed
histological analysis. A digital microscope equipped with a 12 MP Sony sensor was used to
analyze the stained tissue sections via both light microscopic observation and polarized
light microscopy. During these examinations, the image capture technique involved taking
five images at 40× magnification from each glass slide, ten images at 100× magnification
from each glass slide (five from the dermis and five from the hypodermis), and ten images
at 200× magnification from each glass slide (five from the dermis and five from the hypo-
dermis). Morphological assessments focused on various parameters, including the cellular
composition, dermal thickness, thickness of the fibrous sheath, and morphometric proper-
ties of the vessels, such as the blood vessel diameter, relative area of the vascular bed, and
fibrocyte count. Additional evaluations included measuring the collagen density, quantity
of type I and III collagen, ratio of type I to III collagen, and elastin levels in the dermis and
hypodermis. These analyses were conducted via the software programs ImageView v.3.7.7
and HistMorph v.2.3 to ensure precise and detailed evaluations.
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Statistical calculations were conducted via the Statistica v.7 software package. Initially,
descriptive statistics were computed, which included the calculation of mean values with
standard errors (M ± m), medians, and quartiles (25% and 75%), as well as recording
the minimum and maximum values for each day studied and across all days (as detailed
in Tables S1–S3). The next phase of the statistical analysis focused on the day-to-day
dynamics of each parameter for each type of thread separately. Comparisons of the data
were made via nonparametric methods, specifically the Wilcoxon test for related samples.
The results were deemed statistically significant at p < 0.05, with a trend toward significance
indicated by 0.05 < p < 0.1, suggesting that further significance could be established with a
larger sample size. Finally, comparative analyses were performed via the Wilcoxon test to
compare the effects of the two types of threads against each other and the control across
the individual and combined study days.

3. Results
3.1. Tissue Changes Due to P(LA/CL)-HA-Micro Threads

In our study assessing the impact of P(LA/CL)-HA-micro threads over time, we
utilized the Wilcoxon test within our statistical analysis to detect shifts across different
time intervals (Figure 2). This method established a strong framework for analyzing the
dynamic nature and effectiveness of the tissue responses induced by threads.
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Figure 2. The heatmap visually displays the data spanning various indicators and time intervals for 
P(LA/CL)-HA-micro threads. The color intensity within each cell correlates with the p-value, which 
graphically illustrates the significance levels at specific points. The results with a p-value less than 
0.05 were deemed statistically significant, and values between 0.05 and 0.1 suggested a trend to-

Figure 2. The heatmap visually displays the data spanning various indicators and time intervals for
P(LA/CL)-HA-micro threads. The color intensity within each cell correlates with the p-value, which
graphically illustrates the significance levels at specific points. The results with a p-value less than
0.05 were deemed statistically significant, and values between 0.05 and 0.1 suggested a trend toward
significance, implying that further analysis with more samples might confirm these findings. Cells
without color represent p-values that do not fall within these specified ranges.

For dermal thickness, statistically significant changes were observed between
21 and 30 days and between 90 and 180 days. Additionally, a trend towards a statisti-
cally significant difference was noted between 30 and 90 days.
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With respect to the metric thickness of the fibrous sheath, significant changes were
identified between 7 and 21 days, 21 and 30 days, and 90 and 180 days (no significant
differences were observed between 30 and 90 days).

The diameter of the blood vessels significantly changed only between 21 and 30 days,
whereas the relative vascular bed area significantly changed only between 7 and 21 days.

Compared with those on day 7, the number of fibrocytes on day 21 was significantly
lower, the fibrocyte count on day 30 was significantly greater than that on day 21, and the
number of fibrocytes on day 90 was significantly lower, returning nearly to baseline levels,
with no significant changes by day 180.

Statistically significant differences were observed across all time intervals for type
I collagen density, type III collagen density, and the ratio of type I/III collagen in the
hypodermis. Conversely, for the dermis, changes in type I collagen density, type III
collagen density, and the ratio of type I/III collagen were not statistically significant
between 21 and 30 days, although a trend toward significance was observed for type I
collagen density. No significant differences in type III collagen density and the ratio of type
I/III collagen in the dermis were noted between 7 and 21 days.

For elastin density in the dermis, no significant differences were observed except
for a trend toward significance at 90 and 180 days. In the hypodermis, elastin density
significantly changed between 7 and 21 days and between 90 and 180 days.

Statistically significant differences between initial (day 7) and final (day 180) values
were noted for dermal thickness, thickness of the fibrous sheath, relative vascular bed area,
type I collagen in both the dermis and hypodermis, and elastin density in both the dermis
and hypodermis.

3.2. Comparative Analysis of the P(LA/CL)-HA-Micro Threads Versus P(LA/CL)-HA Threads, and
P(LA/CL)-HA-Nano Threads Versus Control on Various Histological Indicators

A comparative analysis via the Wilcoxon test was performed between two types of
threads, P(LA/CL)-HA-micro and P(LA/CL)-HA. This analysis included comparisons
both between the thread types and against a control group, conducted for each individual
day of the study as well as cumulatively across all days (Figures 3 and 4).
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Figure 4. The heatmap shows data for various indicators over different days, comparing 
P(LA/CL)-HA-micro threads against a control, assessed separately for each thread type. The inten-
sity of color in each cell correlates with the p-value, which visually encodes the levels of statistical 
significance at specific data points. The results with a p-value less than 0.05 were classified as sta-
tistically significant. A p-value between 0.05 and 0.1 suggested a potentially significant difference, 

Figure 3. The heatmap visualizes data across various indicators and days, comparing P(LA/CL)-HA-
micro and P(LA/CL)-HA threads. The color intensity in each cell reflects the p-value, serving as a
visual cue to the significance levels at different points. Outcomes with a p-value less than 0.05 were
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deemed statistically significant, whereas a p-value between 0.05 and 0.1 indicated a potential trend
toward significance, suggesting that additional sampling could affirm these differences. Cells without
color represent p-values that do not meet the criteria for significance.
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Figure 4. The heatmap shows data for various indicators over different days, comparing 
P(LA/CL)-HA-micro threads against a control, assessed separately for each thread type. The inten-
sity of color in each cell correlates with the p-value, which visually encodes the levels of statistical 
significance at specific data points. The results with a p-value less than 0.05 were classified as sta-
tistically significant. A p-value between 0.05 and 0.1 suggested a potentially significant difference, 

Figure 4. The heatmap shows data for various indicators over different days, comparing P(LA/CL)-
HA-micro threads against a control, assessed separately for each thread type. The intensity of color
in each cell correlates with the p-value, which visually encodes the levels of statistical significance at
specific data points. The results with a p-value less than 0.05 were classified as statistically significant.
A p-value between 0.05 and 0.1 suggested a potentially significant difference, implying that increasing
the sample size could confirm these initial findings. Cells lacking color represent p-values that fall
outside these defined significance thresholds.

According to the data collected, the use of P(LA/CL)-HA-micro and P(LA/CL)-HA
threads resulted in statistically significant differences in the majority of the indicators on
various days of the study. No significant differences were observed in the diameter of blood
vessels, elastin density in the dermis and hypodermis, and collagen density.

3.2.1. Dermal Thickness

P(LA/CL)-HA-micro vs. Control. The dermal thickness when P(LA/CL)-HA-micro
threads were used was consistently lower than the control values from day 7 to day
90, with statistically significant differences observed on days 7, 21, and 30. However,
by day 180, there was a substantial increase in this indicator, resulting in the values for
P(LA/CL)-HA-micro threads becoming significantly greater than those of the control.

P(LA/CL)-HA-micro vs. P(LA/CL)-HA. Throughout the study period, the dermal thick-
ness when P(LA/CL)-HA threads were used consistently exceeded the values observed
with P(LA/CL)-HA-micro threads. Statistically significant differences were noted on days
21, 30, and 90. By day 180, there was a trend indicating the potential emergence of a
statistically significant difference.

The histological data on dermal thickness are graphically presented in Figures 5 and S2.
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90, the thickness of the fibrous sheath significantly differed when P(LA/CL)-HA and 
P(LA/CL)-HA-micro threads were used. Notably, on day 7, this metric was significantly 
greater with P(LA/CL)-HA-micro than with P(LA/CL)-HA, whereas on all other days, the 
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Figure 5. The linear graphs present data on dermal thickness (a) and fibrous sheath thickness (b) over
five time points during the post-implantation assessment, based on median values. In these graphs,
the control group is denoted in black, P(LA/CL)-HA is in blue, and P(LA/CL)-HA-micro is in red. The
results that reached a p-value less than 0.05 were deemed statistically significant, marked with an
asterisk (*) for 0.01 ≤ p < 0.05, and a hash sign (#) marks a p-value between 0.05 and 0.1, suggesting a
trend toward significance that could be confirmed with a larger sample size.

3.2.2. Thickness of the Fibrous Sheath

P(LA/CL)-HA-micro vs. P(LA/CL)-HA. Throughout the study period, except on
day 90, the thickness of the fibrous sheath significantly differed when P(LA/CL)-HA and
P(LA/CL)-HA-micro threads were used. Notably, on day 7, this metric was significantly
greater with P(LA/CL)-HA-micro than with P(LA/CL)-HA, whereas on all other days, the
opposite was observed, with higher values recorded when P(LA/CL)-HA was used.

The histological data related to the thickness of the fibrous sheath are graphically
illustrated in Figures 5 and S3.

3.2.3. Diameter of Blood Vessels

P(LA/CL)-HA-micro vs. Control. The values of the diameter of blood vessels when
P(LA/CL)-HA-micro was used were below the control values on days 7 and 21. Conversely,
on days 30, 90, and 180, the values were greater than those of the controls with P(LA/CL)-
HA-micro, with a trend toward a statistically significant difference noted on day 180.

P(LA/CL)-HA-micro vs. P(LA/CL)-HA. Regarding the diameter of blood vessels, as
noted earlier, no statistically significant differences were observed. Importantly, this pa-
rameter, when P(LA/CL)-HA was used, exceeded the corresponding values of P(LA/CL)-
HA-micro on days 7, 21, and 90, whereas on days 30 and 180, the values were greater for
P(LA/CL)-HA-micro. A trend towards a statistically significant difference was observed
on day 21.

The histological data pertaining to the diameter of the blood vessels are graphically
presented in Figures 6 and S4.
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Figure 6. The linear graphs illustrate the changes in the diameter of blood vessels (a) and the relative
vascular bed area (b) at five specific time points post-implantation, with median values used for
graph construction. In these visuals, the black line represents the control group, whereas the blue and
red lines correspond to P(LA/CL)-HA and P(LA/CL)-HA-micro threads, respectively. Data points
that achieved a p-value of less than 0.05 were considered statistically significant, with an asterisk (*)
indicating those in the range of 0.01 ≤ p < 0.05.

3.2.4. Relative Vascular Bed Area

P(LA/CL)-HA-micro vs. Control. During the entire period studied, the values for
the relative vascular bed area were consistently greater with the use of P(LA/CL)-
HA-micro than with the control. Statistically significant differences were observed on
days 21, 90, and 180, whereas on day 30, there was a trend indicating the potential emer-
gence of a statistically significant difference.

P(LA/CL)-HA-micro vs. P(LA/CL)-HA. For the relative vascular bed area, statistically
significant differences when P(LA/CL)-HA and P(LA/CL)-HA-HA-micro were used were
observed only on day 21, with values for the P(LA/CL)-HA-HA-micro threads significantly
exceeding those of P(LA/CL)-HA-HA. On other days, although the values for P(LA/CL)-
HA-HA-micro were greater than those for P(LA/CL)-HA-HA, the differences were not
statistically significant.

The outcomes of the histological analysis, which focused on measuring the diameter
of blood vessels, are visually depicted in Figures 6 and S5.

3.2.5. Fibrocytes

P(LA/CL)-HA-micro vs. Control. For the fibrocytes, the values obtained with P(LA/CL)-
HA-micro were greater than the control values on days 7, 30, 90, and 180, with statistically
significant differences observed on days 30 and 90 and a trend toward significance on
day 180. On day 21, the values for P(LA/CL)-HA-micro were lower than those for the
control, although the difference was not statistically significant.

P(LA/CL)-HA-micro vs. P(LA/CL)-HA. Statistically significant differences in the fibro-
cytes when P(LA/CL)-HA and P(LA/CL)-HA-micro were used were noted only on day 21,
with values for P(LA/CL)-HA substantially exceeding those of P(LA/CL)-HA-micro. Inter-
estingly, both thread types significantly increased in this parameter from day 21 to day 30,
followed by a sharp decline by day 90, although there were no significant differences be-
tween P(LA/CL)-HA and P(LA/CL)-HA-micro during these days. On days 21, 30, and 90,
the number of fibrocytes was greater with P(LA/CL)-HA-micro than with P(LA/CL)-HA,
whereas on days 7 and 180, a slight advantage was observed with P(LA/CL)-HA over
P(LA/CL)-HA-micro.



Cosmetics 2025, 12, 20 11 of 25

The histological data focusing on fibrocytes are shown in Figures 7 and S6.
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p-value of less than 0.05 were classified as statistically significant, with asterisks (*) indicating val-
ues within the range of 0.01 ≤ p < 0.05. 

3.2.6. Collagen Density 

P(LA/CL)-HA-micro vs. P(LA/CL)-HA. The values for collagen density were greater 
when P(LA/CL)-HA-micro threads were used than when P(LA/CL)-HA was used, alt-
hough the difference was not statistically significant. 

The histological data pertaining to collagen density are graphically presented in 
Figures 7 and S7. 

3.2.7. Density of Type I Collagen in the Dermis 

P(LA/CL)-HA-micro vs. Control. The type I collagen in the dermis, when 
P(LA/CL)-HA-micro was used, exceeded the control level from days 21 to 90, with a sta-
tistically significant difference noted on day 30. On day 7, the levels of this parameter 
were lower than those in the control when P(LA/CL)-HA-micro was used, although the 
difference was not statistically significant. By day 180, the level of type I collagen sig-

Figure 7. The linear graphs depict data concerning fibrocytes (a) and collagen density (b) at five
separate time points during the post-implantation period, with median values used for each graph.
In these charts, the control group is illustrated with a black line, P(LA/CL)-HA threads are indicated
with a blue line, and P(LA/CL)-HA-micro threads are indicated with a red line. The results with a
p-value of less than 0.05 were classified as statistically significant, with asterisks (*) indicating values
within the range of 0.01 ≤ p < 0.05.

3.2.6. Collagen Density

P(LA/CL)-HA-micro vs. P(LA/CL)-HA. The values for collagen density were greater
when P(LA/CL)-HA-micro threads were used than when P(LA/CL)-HA was used, al-
though the difference was not statistically significant.

The histological data pertaining to collagen density are graphically presented in
Figures 7 and S7.

3.2.7. Density of Type I Collagen in the Dermis

P(LA/CL)-HA-micro vs. Control. The type I collagen in the dermis, when P(LA/CL)-
HA-micro was used, exceeded the control level from days 21 to 90, with a statistically
significant difference noted on day 30. On day 7, the levels of this parameter were lower than
those in the control when P(LA/CL)-HA-micro was used, although the difference was not
statistically significant. By day 180, the level of type I collagen significantly decreased when
P(LA/CL)-HA-micro was used, which was significantly different from that of the control.

P(LA/CL)-HA-micro vs. P(LA/CL)-HA. The level of type I collagen in the dermis
in the P(LA/CL)-HA group was significantly greater than that in the P(LA/CL)-HA-
micro on days 7, 90, and 180. Conversely, on days 21 and 30, the levels were greater
with P(LA/CL)-HA-micro than with P(LA/CL)-HA, although the differences were not
statistically significant.

The histological data, which specifically target type I collagen in the dermis, are
presented in Figures 8 and S8.
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not statistically significant but slightly exceeded those of P(LA/CL)-HA. 

The histological data, specifically those concerning type I collagen in the hypoder-
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Figure 8. The linear graphs illustrate the changes in type I collagen density within the dermis
(a) and hypodermis (b) at five distinct post-implantation intervals, constructed using median values.
In these graphs, the black line represents the control group, whereas the blue and red lines represent
the P(LA/CL)-HA and P(LA/CL)-HA-micro threads, respectively. Findings that yielded a p-value of
less than 0.05 were deemed statistically significant, noted with an asterisk (*) for values between 0.01
and 0.05. A hash symbol (#) denotes a trend towards significance for values between 0.05 and 0.1,
suggesting potential significance with additional sampling.

3.2.8. Density of Type I Collagen in the Hypodermis

P(LA/CL)-HA-micro vs. Control. Throughout the duration of the study, the level of
type I collagen in the hypodermis of P(LA/CL)-HA-micro consistently and significantly
exceeded the control values.

P(LA/CL)-HA-micro vs. P(LA/CL)-HA. The level of type I collagen in the hypodermis,
when P(LA/CL)-HA was used, was greater on days 21, 90, and 180 than the levels observed
with P(LA/CL)-HA-micro, with the differences on days 21 and 90 being statistically signifi-
cant. Conversely, on days 7 and 30, the effects of P(LA/CL)-HA-micro were not statistically
significant but slightly exceeded those of P(LA/CL)-HA.

The histological data, specifically those concerning type I collagen in the hypodermis,
are presented in Figures 8 and S9.

3.2.9. Density of Type III Collagen in the Dermis

P(LA/CL)-HA-micro vs. Control. The levels of type III collagen in the dermis,
when P(LA/CL)-HA-micro threads were used, were lower than the control values on
days 7 and 21, with a trend toward a statistically significant difference noted on day 21.
By day 30, the values had further decreased below the control levels, and by day 90, this
difference became statistically significant.

P(LA/CL)-HA-micro vs. P(LA/CL)-HA. The type III collagen in the dermis, when
P(LA/CL)-HA-HA-micro was used, exceeded the levels observed with P(LA/CL)-HA-
HA on days 7, 21, 30, and 180, with the differences being statistically significant on
days 7, 21, and 180. However, on day 90, the levels of P(LA/CL)-HA-HA were signifi-
cantly greater than those of P(LA/CL)-HA-HA-micro. Notably, when P(LA/CL)-HA-HA
threads were used, this parameter decreased throughout the entire study period. With
P(LA/CL)-HA-HA-micro, a decrease was observed from day 7 to day 90, followed by a
sharp and significant increase by day 180.

The histological findings, which specifically focus on type III collagen in the dermis,
are graphically represented in Figures 9 and S10.
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Figure 9. The linear graphs provide a systematic representation of the density of type III collagen
in the dermis (a) and hypodermis (b) at five specific time points after implantation, with median
values used for graph construction. In these visualizations, the control group is depicted by a
black line, whereas the blue and red lines represent the P(LA/CL)-HA and P(LA/CL)-HA-micro
threads, respectively. Outcomes that achieved a p-value of less than 0.05 were considered statistically
significant, denoted with an asterisk (*) for values between 0.01 and 0.05. A hash mark (#) indicates a
p-value from 0.05 to 0.1, suggesting a potential trend toward significance, implying that conclusive
results might be obtained with more extensive data collection.

3.2.10. Density of Type III Collagen in the Hypodermis

P(LA/CL)-HA-micro vs. Control. Throughout the study period, the levels of type III
collagen in the hypodermis were consistently and significantly greater when P(LA/CL)-
HA-micro was used, with the exception of day 90, when the values of this parameter were
virtually equivalent to the control values.

P(LA/CL)-HA-micro vs. P(LA/CL)-HA. During the entire duration of the study, the level
of type III collagen in the hypodermis in response to P(LA/CL)-HA-micro exceeded that in
response to P(LA/CL)-HA, with statistically significant differences on days 7, 21, and 90.
Notably, the levels peaked on day 21 when P(LA/CL)-HA-micro was used, followed by
a decrease on days 30 and 90 and then an increase again on day 180. In the case of the
P(LA/CL)-HA threads, there was also an increase by day 21, a decrease by days 30 and 90,
and a subsequent increase on day 180, at which point the levels peaked.

The histological findings related to type III collagen in the hypodermis are visually
depicted in Figures 9 and S11.

3.2.11. Ratio of Type I/III Collagen in the Dermis

P(LA/CL)-HA-micro vs. Control. The ratio of type I/III collagen in the hypodermis,
when P(LA/CL)-HA-micro threads were used, was lower than the control values on
days 7 and 21, with a trend toward a statistically significant difference observed on day 21.
Conversely, on days 30, 90, and 180, the values of this parameter were greater than those of
the controls when P(LA/CL)-HA-micro was used, with a statistically significant difference
noted on day 90 and a trend toward significance noted on day 30.

P(LA/CL)-HA-micro vs. P(LA/CL)-HA. The ratio of type I/III collagen in the dermis,
when P(LA/CL)-HA was used, exceeded the levels observed with P(LA/CL)-HA-micro on
days 7, 21, 30, and 180, with statistically significant differences noted on days 7, 21, and 180.
Conversely, on day 90, the values of this parameter were significantly greater when
P(LA/CL)-HA-micro threads were used. Notably, with P(LA/CL)-HA, there was an
increase in this parameter throughout the entire study period. In contrast, with P(LA/CL)-
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HA-micro, the ratio increased from day 7 to day 90 but then sharply decreased to control
values by day 180.

The histological data, specifically the ratio of type I to type III collagen in the dermis,
are graphically presented in Figures 10 and S12.
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Figure 10. The linear graphs display data on the ratio of type I to type III collagen in the dermis
(a) and hypodermis (b) at five distinct post-implantation intervals, constructed from median values.
In these graphs, the control group is represented by a black line, whereas the blue and red lines
represent the P(LA/CL)-HA and P(LA/CL)-HA-micro threads, respectively. Findings with a p-value
less than 0.05 were classified as statistically significant, as noted with an asterisk (*) for values between
0.01 and 0.05. A hash symbol (#) marks p-values between 0.05 and 0.1, indicating a trend toward
significance, suggesting that definitive significance might be attainable with a larger dataset.

3.2.12. Ratio of Type I/III Collagen in the Hypodermis

P(LA/CL)-HA-micro vs. Control. The ratio of type I/III collagen in the hypoder-
mis, when P(LA/CL)-HA-HA-micro threads were used, exceeded the control values on
days 7, 30, and 90, with these differences being statistically significant. On days 21 and 180,
this parameter was slightly lower than that of the control when P(LA/CL)-HA-HA-micro
was used, although the differences were not statistically significant.

P(LA/CL)-HA-micro vs. P(LA/CL)-HA. During the entire duration of the study, the
ratio of type I/III collagen in the hypodermis when P(LA/CL)-HA was used consistently
exceeded the values observed with P(LA/CL)-HA-micro, with statistically significant
differences noted on days 7, 21, and 90. Importantly, for both thread types, there was a
decrease in the values of this parameter between days 7 and 21, followed by a slight increase
by day 30 and a sharp increase by day 90. By day 180, this parameter had decreased for
both P(LA/CL)-HA and P(LA/CL)-HA-micro.

The histological findings focused on the ratio of type I to type III collagen in the
hypodermis are visually displayed in Figures 10 and S13.

3.2.13. Density of Elastin in the Dermis

P(LA/CL)-HA-micro vs. Control. During the entire study period, elastin levels in the
dermis when P(LA/CL)-HA-micro threads were used were consistently greater than the
control values. Statistically significant differences were observed on days 30, 90, and 180,
with a trend towards significant differences noted on day 21.

P(LA/CL)-HA-micro vs. P(LA/CL)-HA. Throughout the study period, no statistically
significant differences were observed in elastin levels in the dermis. Notably, with the use
of P(LA/CL)-HA-micro threads, there was a consistent increase in values across all days.
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For P(LA/CL)-HA, an increase was also observed from day 7 to day 30; however, the levels
decreased by day 90 and increased again by day 180.

The histological results, which specifically analyze elastin in the dermis, are visually
presented in Figures 11 and S14.
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Figure 11. The linear graphs present data on elastin density in the dermis (a) and hypodermis
(b) across five distinct time points after implantation, with median values used for construction.
These graphs depict the control group with a black line, while the P(LA/CL)-HA threads are shown
in blue, and the P(LA/CL)-HA-micro threads are shown in red. The results with a p-value less than
0.05 were deemed statistically significant and are marked with an asterisk (*) for values between
0.01 and 0.05. A hash symbol (#) indicates p-values between 0.05 and 0.1, indicating a trend towards
significance and suggesting that conclusive results could be obtained with a larger dataset.

3.2.14. Density of Elastin in the Hypodermis

P(LA/CL)-HA-micro vs. Control. On day 7, the levels of elastin in the hypodermis when
P(LA/CL)-HA-micro threads were used were lower than those of the control, although the
difference was not statistically significant. By day 21, this parameter had increased, with
levels exceeding those of the control. Statistically significant differences were observed on
days 21 and 180, and there was a trend toward significant differences on day 90.

P(LA/CL)-HA-micro vs. P(LA/CL)-HA. No statistically significant differences were ob-
served in the levels of elastin in the hypodermis across most time intervals, except for day 21,
when a trend towards a significant difference was noted. On days 21, 90, and 180, the levels
when P(LA/CL)-HA-micro was used were greater than those when P(LA/CL)-HA was
used. Conversely, on day 7, the levels were slightly greater with P(LA/CL)-HA than with
P(LA/CL)-HA-micro. By day 30, the levels for both thread types were nearly identical.

The histological findings, which specifically address elastin levels in the hypodermis,
are visually detailed in Figures 11 and S15.

4. Discussion
4.1. Dermal Thickness

In our study, the dynamic changes in dermal thickness over the six-month period
provide insightful data into the behavior of P(LA/CL)-HA-micro threads in comparison
to the control and P(LA/CL)-HA threads. The dermal thickness of the region threated
by P(LA/CL)-HA-micro threads tended to be consistently lower than that of the control
from day 7 through day 90, with significant differences during this period (p = 0.0431
on days 7, 21, and 30). Interestingly, by day 180, there was a marked increase in dermal
thickness in the P(LA/CL)-HA-micro group, which significantly surpassed the control
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levels (p = 0.0431). This late-stage surge in dermal thickness could be indicative of a delayed
but robust remodeling response, likely facilitated by the sustained release of hyaluronic
acid, which may have contributed to prolonged tissue remodeling and rejuvenation.

When P(LA/CL)-HA-micro threads were directly compared with P(LA/CL)-HA
threads, the P(LA/CL)-HA threads consistently presented greater dermal thickness across
most of the study period, with significant differences observed on days 21, 30, and 90
(p = 0.0431 for each). These differences point to a more immediate and consistent effect on
dermal thickening caused by the P(LA/CL)-HA threads than by their microencapsulated
counterparts. By day 180, however, the gap between the two thread types narrowed, with a
trend indicating that P(LA/CL)-HA-micro threads may capture the effects of P(LA/CL)-HA
threads in terms of dermal thickness (p = 0.0796).

This observed pattern in our study involving a pig model indicates that P(LA/CL)-
HA-micro threads demonstrate a statistically significant, albeit delayed, increase in dermal
thickness compared with the control. This finding suggests the potential for improved long-
term aesthetic outcomes in similar scenarios requiring sustained tissue support and gradual
rejuvenation. While P(LA/CL)-HA threads were more immediate and expressed increases
in dermal thickness, the kinetics of HA release from the microencapsulated threads were
still favorable for gradual tissue remodeling within the context of our animal model.

Importantly, while these findings are promising and suggest a pattern that might
reduce the risk of overtreatment—a common concern in thread lifting—these findings
are derived from a pig model. Thus, the initial lower thickness observed with P(LA/CL)-
HA-micro threads and the eventual increase in dermal thickness that could lead to more
durable and natural-looking skin rejuvenation must be interpreted with caution.

4.2. Thickness of the Fibrous Sheath

The thickness of the fibrous sheath is a critical indicator of the fibrotic response
following thread implantation, reflecting the biocompatibility and biofunctionality of the
thread materials in tissue integration and remodeling.

Our findings illustrate an increase in the thickness of the fibrous sheath around both
types of threads at multiple intervals, highlighting the dynamic tissue responses induced
by the thread implants.

In the case of P(LA/CL)-HA-micro threads, which feature microencapsulated HA
designed for sustained release, significant decreases in thickness were observed from
day 7 to day 21, followed by a subsequent increase from day 21 to day 30 (p = 0.0431). From
day 30 to day 90, no significant change was observed (p = 0.6858). However, a gradual and
significant decrease was observed from day 90 to day 180, as well as from day 7 to day 180
(p = 0.0431), indicating a reduction in the expression of the long-term fibrotic response. This
reduction could be attributed to the controlled release of HA, potentially influenced by the
persistent anti-inflammatory properties associated with continuous release.

When the two thread types were compared directly, P(LA/CL)-HA-micro threads ini-
tially exhibited a significantly greater fibrous sheath thickness on day 7 than did P(LA/CL)-
HA (p = 0.0431). However, subsequent intervals showed the opposite trend, with P(LA/CL)-
HA threads demonstrating greater fibrous sheath thickness, where statistically significant
differences were observed on days 21, 30, and 180 (p = 0.0431). These significant differences
can be attributed to the differing kinetics of hyaluronic acid bioavailability. On day 7,
the P(LA/CL)-HA threads, benefiting from a greater initial increase in hyaluronic acid,
suppressed the inflammatory response more effectively. In contrast, the P(LA/CL)-HA-
micro threads did not achieve the necessary hyaluronic acid levels initially. Over time, the
lack of controlled-release technology in P(LA/CL)-HA threads led to more pronounced
thickening of the capsule-like structures due to hyaluronic acid depletion. Conversely, in
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P(LA/CL)-HA-micro threads, the fibrous response is moderated in a smoother manner,
thereby avoiding a more pronounced oscillatory pattern.

Our findings indicate that P(LA/CL)-HA-micro threads demonstrate a more moderate
fibrous sheath response over time. This is evident from the significant decreases in fibrous
sheath thickness at various intervals, suggesting the potential for improved long-term bio-
compatibility and reduced fibrosis compared with P(LA/CL)-HA threads. From a clinical
perspective, especially in a veterinary setting, these results suggest that P(LA/CL)-HA-micro
threads could offer more favourable outcomes in terms of tissue integration and healing.

The reduced fibrosis and moderate fibrous response observed in the P(LA/CL)-HA-
micro threads could translate to less scarring and potentially enhanced aesthetic outcomes
in clinical applications, but clinical trials are needed.

4.3. Morphometric Characteristics of Vasculature

We explored the impact of P(LA/CL)-HA-micro threads on the diameter of blood
vessels and the relative vascular bed area in the skin surrounding the lifting threads, which
can indicate not only vascular responses related to tissue perfusion but also broader tissue
health and regeneration capabilities prompted by the thread implants.

P(LA/CL)-HA-micro threads exhibited a dynamic vascular response, with vessel
diameters initially below control values on days 7 and 21, probably indicating neoangiogen-
esis. A significant increase occurred by day 30 (p = 0.0431), suggesting a robust angiogenic
response, which likely modulates long-term vascular adaptation.

Despite differences in dynamic patterns, a trend toward statistical significance was
observed on day 90 for P(LA/CL)-HA threads and on day 180 for both types of threads
(p = 0.0796) compared with the control.

Changes in the relative vascular bed area significantly increased from days 7 to 21
(p = 0.0431), with stabilization thereafter. However, cumulative analysis from days 7 to 180
indicated a sustained overall increase (p = 0.0431), surpassing P(LA/CL)-HA threads
(p = 0.0094). This delayed yet enhanced vascularization likely results from prolonged
release of bioactive agents by microencapsulation technology, supporting improved
tissue perfusion.

Compared with the control, P(LA/CL)-HA-micro threads demonstrated statistically
significant differences on days 21, 90, and 180, and a trend toward statistically significant
changes was detected on day 30. This finding indicates pronounced vascular changes
throughout nearly the entire observation period (p = 0.0000).

P(LA/CL)-HA threads resulted in larger vessel diameters on days 7, 21, and 90,
whereas P(LA/CL)-HA-micro threads resulted in greater increases on days 30 and 180.
However, a trend toward significance was noted only on day 21 (p = 0.0796). On other days,
no significant differences were noted.

In terms of the relative vascular bed area, direct comparisons revealed that on
day 21, P(LA/CL)-HA-micro threads significantly outperformed P(LA/CL)-HA threads
(p = 0.0431). While other time points did not reach statistical significance, a consistent trend
favoring P(LA/CL)-HA-micro threads was evident throughout the study.

In a porcine model, we observed that P(LA/CL)-HA-micro threads enhance the
vascular response and tissue perfusion over time. This enhancement is predominantly
evident through changes in the relative vascular bed area, rather than alterations in vessel
diameter, compared with both the control group and the P(LA/CL)-HA threads. Enhanced
vascularization is critical for improving tissue viability and health following surgical
interventions. In clinical practice, this could translate to better wound healing processes, a
reduced risk of complications, and improved aesthetic outcomes for patients undergoing
reconstructive or cosmetic procedures involving thread lifts.
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4.4. Fibrocytes

In general, the dynamic patterns for both types of threads were quite similar, peaking
on the 30th day and subsequently decreasing from the 90th day to the 180th day, except for
a statistically significant difference on the 21st day (p = 0.0431). On day 21, the dynamics
of the fibrocyte response between the P(LA/CL)-HA-micro and P(LA/CL)-HA threads
highlighted their distinct interactions with the biological environment. The P(LA/CL)-HA
threads presented a significant increase in fibrocyte activity, indicative of a rapid fibrotic
response due to the unrestricted availability of HA, which stimulates fibroblast prolif-
eration [20]. In contrast, the P(LA/CL)-HA-micro threads, featuring microencapsulated
HA for controlled release, exhibited a moderate decrease in fibrocyte counts, suggesting
delayed activation that aligns more closely with inherent tissue remodeling.

The observed interactions of P(LA/CL)-HA and P(LA/CL)-HA-micro threads within
our animal model indicate divergent mechanisms of tissue integration and remodeling.
The P(LA/CL)-HA threads prompt an accelerated fibrotic response attributable to their
unimpeded availability of hyaluronic acid. This enhanced fibrocyte activity may prove
advantageous for applications necessitating immediate stabilization of the implant, po-
tentially augmenting dermal stability and diminishing the timeframe required to attain
aesthetic outcomes.

Conversely, P(LA/CL)-HA-micro threads exhibit delayed but sustained fibrocyte
activity that minimizes early inflammation. This pattern suggests a remodeling process that
more closely mimics gradual tissue healing, potentially reducing the risk of complications
such as scarring and fibrotic encapsulation, which can be beneficial in enhancing long-term
aesthetic outcomes in the case of projection onto a human being.

4.5. Collagenogenesis

The primary collagens found in the extracellular matrix (ECM) are types I and III [21].
In the skin, type I collagen makes up 80–85% of the dermal ECM, whereas type III collagen
accounts for approximately 8–11% [22]. Type I collagen is a rigid, fibrillar protein that
provides tensile strength, whereas type III collagen forms an elastic network [21].

In the case of P(LA/CL)-HA-micro threads, a trend towards a significant increase in
collagen density was demonstrated in the dermis from day 21 to day 30 post-implantation
(p = 0.0796), reaching levels comparable to those observed with P(LA/CL)-HA threads,
albeit after an initial decrease. The type I collagen density values on days 7 and 21, although
lower than those in the control, were not statistically significant, suggesting a gradual
initiation of the collagenogenic response that becomes more pronounced and effective
over time. The same pattern was observed in the hypodermis, but with a statistically
significant increase from day 21 to day 30 (p = 0.0431). Compared with those in the control,
significant increases in the hypodermis were consistently observed from day 7 to day 180,
with p-values reaching 0.0431, whereas in the dermis, substantial differences were noted
only on days 30 and 180 (p = 0.0431).

The statistical data underscore the predominant efficacy of both types of threads in
maintaining elevated collagen levels, surpassing those of the controls at almost every mea-
sured point, thereby indicating their improved performance in promoting and maintaining
collagen density, specifically in the hypodermis.

On the other hand, only the P(LA/CL)-HA-micro threads significantly increased type I
collagen production in both the dermis and the hypodermis from days 7 to 180 (p = 0.0431).

Direct comparisons between P(LA/CL)-HA-micro and P(LA/CL)-HA threads re-
vealed nuanced differences in their influence on collagen density. In both the dermis
and hypodermis, the densities of type I collagen were similar on day 30 and significantly
different by day 90 (p = 0.0431). Generally, the dynamic patterns were similar to each other,
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except for the initial point where on day 7, values in the hypodermis were akin, but in the
dermis, they were significantly different, with P(LA/CL)-HA threads surpassing those of
P(LA/CL)-HA-micro threads.

Finally, in the pig model, we observed that P(LA/CL)-HA threads consistently pre-
sented higher levels of type I collagen than P(LA/CL)-HA-micro threads did, which is
indicative of a robust and sustained collagen response. These differences likely stem from
the variations in the availability of hyaluronic acid within the thread compositions. Specifi-
cally, the encapsulated form of hyaluronic acid in the P(LA/CL)-HA-micro threads allows
for more controlled and gradual release, leading to less pronounced stimulation of type I
collagenogenesis, suggesting a low-stimulating effect. While these results provide valuable
insights into the potential mechanisms driving collagen production, their translation to
clinical relevance requires careful consideration.

A significant parabola-like pattern in type III collagen production was noted during
the treatment period in the dermis, with peak initial values on day 7 and much lower values
on day 180, without a significant difference between these two time points (p = 0.2249).
This finding indicates a robust initial response to the threads, reflecting their effectiveness
in stimulating early collagen synthesis, followed by a resurgence to minimum values by
day 90. A similar but slightly different, statistically significant wave-like pattern in the
initial period is distinguished in the hypoderm. Notably, the data revealed a peak in
collagen density on day 21 (p = 0.0431), followed by a stabilization period where the density
almost aligned with control values on day 90 (p = 0.8927) and a subsequent resurgence by
day 180 (p = 0.0431). This fluctuation suggests a dynamic remodeling process influenced by
the sustained release of hyaluronic acid from the threads.

In comparison, the density of type III collagen in the dermis was greater than that of the
control in the initial phase (day 7, with a trend toward significance on day 21 (p = 0.0796)),
suggesting that the threads might temporarily facilitate new matrix structurization. How-
ever, by day 90 (p = 0.0431), a significant decrease relative to the control suggested that
the initial suppression led to new matrix deposition, which became less pronounced by
the end of the experiment (there was no significant difference between the control and
P(LA/CL)-HA-micro threads’ values on day 180 (p = 0.8401)). In the case of the hypodermis,
compared with the dermis, P(LA/CL)-HA-micro threads consistently facilitated higher
levels of type III collagen, with significant differences noted on all study days except day 90,
illustrating the continuous impact of the threads on the hypodermal collagen framework
through general stimulation of type III collagen synthesis.

Throughout the study, P(LA/CL)-HA-micro threads consistently showed an increased
capacity to modulate type III collagen density in the dermis compared with P(LA/CL)-HA,
with significantly greater levels in both the initial and final phases (days 7, 21, and 180)
(p = 0.0431). This enhancement may be attributable to the continuous release of HA, which
potentially provides a more sustained stimulus for collagen synthesis.

In the case of the hypodermis, P(LA/CL)-HA-micro threads demonstrated improved
performance in enhancing type III collagen density throughout the study period. Signif-
icantly higher collagen levels were observed on days 7, 21, and 90 (p = 0.0431 for each),
indicating a more pronounced and sustained effect of the microencapsulated HA in these
threads. However, by the end of the experiment, no statistically significant differences were
identified between the treatments.

Our results conclusively indicate that both types of threads substantially affect type III
collagen density, with P(LA/CL)-HA-micro threads demonstrating especially pronounced
activity within both the dermis and hypodermis layers. The observed patterns of type III
collagen density, reminiscent of parabola-like and wave-like formations, suggest intricate
interactions between the implanted materials and the host tissue. These interactions are
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characterized by an initial surge in collagen production on days 7 and 21, followed by a
subsequent reduction or return to baseline levels. This dynamic pattern may reflect the
threads’ capacity to initially reinforce the structural integrity of porcine skin, which could
theoretically translate to increased skin firmness in humans.

The early increase in collagen production may also play a critical role in augmenting
the initial stages of wound healing by providing a scaffold conducive to new tissue forma-
tion. Additionally, the sustained release of hyaluronic acid from the P(LA/CL)-HA-micro
threads seems to foster a prolonged collagenogenic response, notably in the hypodermis.
Although these findings are encouraging, the application of these results from porcine
models to human clinical treatments requires cautious consideration.

Adjustment of the ECM composition, especially the proportional relationship between
type I and type III collagen, is crucial in the field of aesthetic medicine. The quantitative
ratio of type I to type III collagen is a significant indicator of ECM maturation and the
integrity of tissue remodeling subsequent to the implantation of bioabsorbable threads [21].

Significant changes in the ratio of type I to III collagen in the dermis were noted
for P(LA/CL)-HA-micro threads, particularly from day 21 to day 90 (p = 0.0431 at each
interval), indicating a substantial modification in the collagen composition. This shift
suggests an active remodeling phase in which the quality and type of collagen are altered
by the presence of threads. A similar pattern was observed in the hypodermis, with
significant alterations and a peak on day 90 (p = 0.0431), indicating a potent effect of the
threads on modulating collagen types within the hypodermis. These changes indicate the
role of threads in enhancing or possibly accelerating the maturation process from type III
collagen (often associated with early wound healing) to type I collagen (associated with
mature, structurally sound tissue).

Initially, in the dermis, the ratio of P(LA/CL)-HA-micro threads was lower than that
of the control on days 7 and 21 (p = 0.3452 and 0.0796, respectively) because of the potential
degradation of some of the existing collagen framework to lay down new matrix material.
However, in both the dermis and hypodermis, the final values reached levels comparable
to the control values by day 180 (p = 0.6858).

At the beginning, the lower ratio of type I/III collagen could be attributed to the
increased deposition of type III collagen, a marker of early wound healing. Over time, as
type I collagen synthesis commenced and matured, there was a notable increase in the
ratio, indicating a progression toward more robust and structurally stable collagen that
characterizes long-term tissue repair and remodeling.

A comparison of thread types revealed that P(LA/CL)-HA-micro threads promoted
a pronounced collagen ratio after day 30, reflecting their statistically significant mid-
term engagement (p = 0.0431 on day 90) with the healing process and tissue remodeling.
Conversely, in the hypodermis, both threads reached comparable values at the time of the
last time point, whereas in the dermis, the P(LA/CL)-HA values significantly exceeded
those of P(LA/CL)-HA-micro. This finding indicates the formation of a more mature
collagen network in the long term with P(LA/CL)-HA.

Our research revealed substantial alterations in the ratio of type I to type III collagen
subsequent to the implantation of P(LA/CL)-HA-micro threads. The marked efficacy of
these threads in both the dermal and hypodermal layers signifies a vigorous phase of
tissue remodeling. These modifications could have implications for clinical applications,
potentially yielding benefits such as improved aesthetic results and hastened recovery
following interventions, facilitated by the accelerated maturation of collagen. Notably,
the transition from type III to type I collagen, which is associated with more mature and
structurally robust tissue, may decrease the likelihood of complications such as scarring
and enhance the overall structural integrity of the skin.
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Moreover, the initial surge in type III collagen, typically associated with the early
phases of wound healing, followed by a marked elevation in type I collagen, underscores a
dynamic and favourable remodeling process. This aspect is especially beneficial in clinical
scenarios aimed at reinforcing the skin structure and diminishing the visible effects of aging
or damage. These findings suggest that these threads could be instrumental in advancing
dermatological health and cosmetic outcomes.

However, these results were obtained from an animal model. While porcine skin
closely resembles human skin in terms of structure and function, the direct translation of
these results to human patients requires cautious interpretation.

4.6. Elastogenesis

For P(LA/CL)-HA-micro threads, initial observations in the dermis revealed no sig-
nificant changes in elastin levels from day 7 to day 90 (p > 0.05), suggesting a latent phase
before any notable biochemical activity becomes apparent. However, a gradual increase be-
came notable from day 30 onwards, maintaining this significance through days 90 and 180,
with a trend toward significance at the last time point (p = 0.0431). This increase signifies
the role of the threads in enhancing elastin synthesis or stabilization, possibly influenced by
the sustained release properties of HA microencapsulation. In the hypodermis, a different
pattern was observed, which can be characterized as wave-like. The analysis revealed a
statistically significant increase in the density of elastin by day 21 (p = 0.0431), peaking on
day 90, with a subsequent decrease until the last time point (p = 0.0431). This suggests an
initial increase in elastin synthesis or restructuring, followed by sustained enhancement,
likely due to the continuous influence of the microencapsulated HA.

Notably, only the P(LA/CL)-HA-micro threads significantly affected the stimulation
of elastogenesis from days 7 to 180 in both the dermis and hypodermis (p = 0.0431).

Compared with the control values, the elastin density in response to P(LA/CL)-HA-
micro threads tended to increase consistently, with significant increases notably beginning
on day 21 (p = 0.0796) and extending throughout the study period. This finding indicates
a robust influence of the threads on the dermal matrix, supporting the development of a
more elastic and durable tissue structure. In the case of the hypodermis, the initial decrease
observed on day 7 (p = 0.1380), when the levels were below those of the control, may reflect
a transient adjustment or redistribution phase within the hypodermal tissues in response
to thread implantation. Over the entire duration of the study, the elastin levels in the
P(LA/CL)-HA-micro threads were consistently greater than those in the control from day
21 onwards. A significant difference was noted only on days 21 and 180 (p = 0.0431), but
there was also a trend toward significance on day 90 (p = 0.0796).

In light of the marked enhancement in elastin synthesis observed within both the
dermal and hypodermal layers of our porcine model, the deployment of P(LA/CL)-HA-
micro threads has considerable potential for translational clinical benefits. Owing to their
dermatological congruence with humans, the present study leveraged pigs and documented
a substantial elevation in elastin concentrations, the implications of which may extend
to augmented tissue resilience and elasticity within a clinical milieu. Such attributes are
paramount for applications within the realm of aesthetic medicine, wherein augmented
elastin production could culminate in improved cosmetic outcomes and a decrease in
procedural complications, including scarring and loss of tissue elasticity.

While our findings reveal that both thread variants facilitate an increase in elastin
without statistically significant disparities in efficacy (p > 0.05), the observed patterns of
elastin dynamics—characterized by progressive increases in the dermis and oscillatory
modifications in the hypodermis—point to divergent mechanistic pathways or differential
responses to the HA encapsulated within the threads. This suggests a nuanced interplay of
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the threads with the surrounding tissue matrix, meriting further investigation into their
respective mechanisms of action.

Furthermore, the sustained increase in elastin density observed from day 21 onwards,
especially when contrasted with the control values, substantiated the formation of a more
robust dermal matrix. This enhancement could prove particularly advantageous in clinical
contexts where tissue integrity and elasticity are diminished.

5. Conclusions
The histological analysis of P(LA/CL)-HA-micro threads in a pig model under-

scores their role in fostering enhanced and sustainable skin remodeling outcomes. These
threads, equipped with a microencapsulated HA delivery system (NAMICA technology)
(APTOS LLC (Tbilisi, Georgia)), facilitate a delayed yet robust increase in dermal thickness,
resulting in more physiologically favorable outcomes in an animal model. The kinetic
disparity in HA release from our model suggests the potential for improved long-term aes-
thetic outcomes that may align closely with natural tissue remodeling processes, although
verification in human models is needed.

Furthermore, the controlled release of HA from the microencapsulated threads moder-
ates fibrous sheath responses, indicating reduced fibrosis and enhanced biocompatibility
over extended periods in pigs. These findings suggest that P(LA/CL)-HA-micro threads
could enhance the vascular response and tissue perfusion, primarily through alterations in
the relative vascular bed area rather than mere changes in vessel diameter, thus promoting
healthier tissue integration from day 30 to day 180 post-implantation.

Moreover, the subtle yet statistically significant stimulation of type I collagen synthesis,
alongside the dynamic modulation of type III collagen, highlights the ability of threads to
shift the ECM composition from one predominantly featuring type III collagen (indicative
of early wound healing) to a more mature structure enriched with type I collagen, mostly
by the 90th day. This transition, which is crucial for long-term tissue integrity in an animal
model, may offer insights into accelerating ECM maturation in human applications.

Finally, the significant increase in elastin synthesis in both the dermis and hypodermis
of pigs contributes to a more elastic and durable tissue structure over time, underscoring
the sophisticated approach of P(LA/CL)-HA-micro threads in aligning skin remodeling
with the smooth healing dynamics observed in our animal model.

In conclusion, while P(LA/CL)-HA-micro threads represent promising advancements
in bioabsorbable thread technology for aesthetic medicine, their clinical benefits in humans
remain to be established through rigorous clinical trials. Future investigations should
strive to reconcile these encouraging preclinical findings with tangible patient advantages,
emphasizing the direct effects that such structural improvements may have on clinical
outcomes, including diminished recovery durations and increased long-term incorporation
and function of implanted materials.

Supplementary Materials: The following supporting information can be downloaded at
https://www.mdpi.com/article/10.3390/cosmetics12010020/s1, Figure S1: The collection com-
prises a series of macroscopic photographs illustrating specimens of skin and subcutaneous tissue,
excised from a 15 cm segment of harvested soft tissue at two distinct time points. Figure S2: A
series of box plots presents measurements of dermal thickness for three distinct groups—the control,
P(LA/CL)-HA-micro, and P(LA/CL)-HA—at five different time points in the post-implantation
period. Figure S3: A collection of box plots graphically represents measurements of fibrous sheath
thickness among two groups—P(LA/CL)-HA-micro and P(LA/CL)-HA—over five distinct time
points in the post-implantation phase. Figure S4: A collection of box plots graphically illustrates the
diameter of blood vessels across three groups—the control, P(LA/CL)-HA-micro, and P(LA/CL)-
HA—at five points during the post-implantation period. Figure S5: A series of box plots graphically
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displays data on the relative vascular bed area among three groups—the control, P(LA/CL)-HA-
micro, and P(LA/CL)-HA—over five distinct time intervals following implantation. Figure S6: A
sequence of box plots visually presents data on fibrocyte counts among three different groups—the
control, P(LA/CL)-HA-micro, and P(LA/CL)-HA—at five distinct time intervals following implan-
tation. Figure S7: A series of box plots systematically presents data on collagen density for two
specific groups, P(LA/CL)-HA-micro and P(LA/CL)-HA, at five distinct post-implantation time
points. Figure S8: A collection of box plots systematically displays data on the density of type I
collagen in the dermis across three groups: the control, P(LA/CL)-HA-micro, and P(LA/CL)-HA,
over five specific time points in the post-implantation phase. Figure S9: A sequence of box plots
effectively illustrates the density of type I collagen in the hypodermis for three distinct groups: the
control, P(LA/CL)-HA-micro, and P(LA/CL)-HA, at five designated time points following implan-
tation. Figure S10: A set of box plots methodically presents the density of type III collagen in the
dermis across three groups: the control, P(LA/CL)-HA-micro, and P(LA/CL)-HA, at five consec-
utive time points following implantation. Figure S11: A series of box plots meticulously presents
the density of type III collagen in the hypodermis for three groups: the control, P(LA/CL)-HA-
micro, and P(LA/CL)-HA, measured at five specific time points during the post-implantation phase.
Figure S12: A series of box plots methodically captures data on the ratio of type I to type III collagen
in the dermis across three specific groups: the control, P(LA/CL)-HA-micro, and P(LA/CL)-HA, at
five different time points during the post-implantation phase. Figure S13: A collection of box plots
was created to depict the ratios of type I to type III collagen in the hypodermis among three groups:
the control, P(LA/CL)-HA-micro, and P(LA/CL)-HA, observed at five distinct time points during
the post-implantation phase. Figure S14: A sequence of box plots systematically visualizes data on
the density of elastin in the dermis for three distinct groups: the control, P(LA/CL)-HA-micro, and
P(LA/CL)-HA, over five consecutive time points in the post-implantation phase. Figure S15: A series
of box plots methodically displays the density of elastin in the hypodermis for three distinct groups—
the control, P(LA/CL)-HA-micro, and P(LA/CL)-HA—across five specific time points during the
post-implantation phase. Table S1: Descriptive statistics for P(LA/CL)-HA on each studied day and
across all days combined. Table S2: Descriptive statistics for P(LA/CL)-HA-micro on each studied
day and across all days combined. Table S3: Descriptive statistics for the control samples on each
studied day and across all days combined
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