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ABSTRACT
BACKGROUND: Modern thread-lifting techniques aim to achieve an immediate mechanical lifting effect and provide a prolonged 
biostimulatory action directed at remodeling dermal structures.
AIM: This study aimed to perform a histomorphological evaluation of the effects of monofilament P(LA/CL)-HA-nano threads 
on skin remodeling in a biomedical experiment and compare their outcomes with those of P(LA/CL)-HA threads and intact skin.
METHODS: The study included five clinically healthy female Large White pigs aged 4 months weighing 40 ± 1.2 kg on average. 
Each animal underwent implantation of two types of threads: P(LA/CL)-HA and P(LA/CL)-HA-nano. Euthanasia of the animals 
and histomorphological analysis were performed on days 7, 21, 30, 90, and 180. Intact skin was considered the control. The fol-
lowing parameters were assessed: dermal thickness, content of type I and type III collagen fibers, and elastin levels. Histologi-
cal staining included hematoxylin and eosin, Weigert–Van Gieson, and Picrosirius Red with polarized light analysis. Statistical 
analysis was conducted using the Wilcoxon signed-rank test. Differences were considered significant at p < 0.05.
RESULTS: P(LA/CL)-HA-nano thread implantation resulted in significantly increased dermal thickness (day 180, p = 0.0431), 
increased type I collagen density in the dermis (day 90, p = 0.0431) and hypodermis (all time points, p < 0.05), and enhanced 
type III collagen synthesis in the hypodermis from day 21 (p = 0.0431). A significant increase in elastin levels in the dermis 
was observed on days 90 and 180 (p = 0.0431). Distinct kinetics of tissue remodeling were noted compared with non-modi-
fied P(LA/CL)-HA threads.
CONCLUSION: P(LA/CL)-HA-nano threads exhibit pronounced bioactive properties, promoting structural remodeling of skin 
tissues.
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АННОТАЦИЯ
Актуальность. Современные методы нитевого лифтинга предполагают не только достижение немедленного механиче-
ского лифтингового эффекта, но и реализацию пролонгированного биостимулирующего действия, направленного на ре-
моделирование дермальных структур. 
Цель исследования. Провести гистоморфологическую оценку влияния монофиламентных нитей P(LA/CL)-ГК-нано 
на процессы ремоделирования кожи в условиях биомедицинского эксперимента с сопоставлением их эффектов с нитя-
ми P(LA/CL)-ГК и интактной кожей.
Методы. В исследование включены пять клинически здоровых самок свиней породы крупная белая, возрастом 4 мес 
и средней массой тела 40±1,2 кг. Каждому животному имплантировали нити двух типов: P(LA/CL)-ГК и P(LA/CL)-ГК-нано. 
Выведение животных и гистоморфологический анализ выполняли на 7, 21, 30, 90 и 180-е сутки. В качестве контроля ис-
пользовали интактные участки кожи. Оценивали толщину дермы, содержание коллагеновых волокон типов I и III, а так-
же уровень эластина. Применяли окраски гематоксилином и эозином, по Вейгерту–Ван Гизону и пикросириусом красным 
с анализом в поляризованном свете. Статистическую обработку проводили с использованием критерия знаковых рангов 
Уилкоксона; различия считали статистически значимыми при p <0,05.
Результаты. Имплантация нитей P(LA/CL)-ГК-нано сопровождалась достоверным увеличением толщины дермы (к 180-м 
суткам, p=0,0431), повышением плотности коллагена типа I в дерме (90-е сутки, p=0,0431) и гиподерме (на всех сроках 
наблюдения, p <0,05), а также усилением синтеза коллагена типа III в гиподерме с 21-х суток (p=0,0431). Кроме того, 
зафиксировано статистически значимое повышение уровня эластина в дерме на 90-е и 180-е сутки (p=0,0431). Уста-
новлены отличия в кинетике тканевого ремоделирования по сравнению с немодифицированными нитями P(LA/CL)-ГК.
Заключение. Нити P(LA/CL)-ГК-нано проявляют выраженное биоактивное действие, способствуя структурной пере-
стройке кожных тканей.

Ключевые слова: биоревитализация; безоперационная подтяжка лица; гиалуроновая кислота; ремоделирование кожи; 
лифтинговые нити.
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INTRODUCTION
Facial remodeling strategies aimed at mitigating signs of ag-
ing have significantly gained popularity over the recent de-
cades. These interventions focus on improving skin elasticity, 
increasing collagen synthesis, and enhancing skin texture [1].

Since the mid-1990s, the use of various types of nonab-
sorbable barbed threads, fabricated from different materi-
als, in nonsurgical facial rejuvenation and lifting procedures 
has been proposed [2, 3]. In 1997, M.A. Sulamanidze devel-
oped a polypropylene barbed thread for facial tissue reposi-
tioning with aesthetic intent. This technique was named an-
ti-ptosis threads (APTOS). Following the granting of a patent 
in the Russian Federation in 2002, the author introduced the 
method internationally, presenting it as an effective tool for 
addressing age-related changes in facial soft tissues [4].

Since the early 2000s, interest in the use of biodegradable 
polymers in biomedical technologies has steadily increased 
[5]. Notably, polydioxanone threads were developed and in-
troduced in South Korea, whereas materials based on po-
ly-L-lactic acid and poly(ε-caprolactone) have gained wide-
spread adoption in Europe, Russia, and the United States [3].

Currently, particular attention is being given to the copo-
lymer poly(L-lactide-co-ε-caprolactone) [P(LA/CL)], which is 
synthesized from ε-caprolactone and L-lactic acid [6]. Owing 
to its high biocompatibility, favorable tolerability, and slow 
biodegradation rate, P(LA/CL) is of particular interest for use 
in procedures requiring prolonged therapeutic effects [6–8]. 
P(LA/CL) threads are characterized by a complete biodeg-
radation period of up to 12 months, while promoting active 
remodeling of the dermal matrix and potentially providing 
a sustained lifting effect [8]. In vivo experimental study re-
sults indicate that, owing to their pronounced collagen-stim-
ulating activity, the effects of P(LA/CL) threads may persist 
for over 18 months, demonstrating superiority over earlier-
generation thread materials [8, 9].

Within thread-based facial rejuvenation techniques, the 
immediate mechanical properties of the threads that ensure 
the lifting effect and their ability to support ongoing dermal 
remodeling processes should be considered. Insufficient re-
generative potential may limit the long-term effectiveness of 
the intervention and negate the clinicians’ therapeutic expec-
tations and patients’ aesthetic demands [10].

According to the literature, the use of hyaluronic acid (HA) 
as an adjunct component in thread-lifting procedures is re-
garded as a clinically justified strategy aimed to enhance 
therapeutic efficacy and improve clinical outcomes [11–14]. 
The implementation of this synergistic approach amplifies 
the lifting effect and significantly decreases the incidence 
and severity of postoperative complications, which remain 
a pressing concern in aesthetic medicine [15]. Furthermore, 
this combination contributes to greater overall treatment ef-
fectiveness and increased patient satisfaction [15–18].

In 2019, the development of NAMICA (NAno–MIcro–CAp-
sule) encapsulation technology was initiated; in 2022, it re-
ceived patent protection [18, 19]. This method was designed 
to sustain release of HA from the surface of lifting threads 
by encapsulating it within a biodegradable copolymer. Based 
on this approach, a new type of lifting thread, P(LA/CL)-HA-
nano, was developed, characterized by the incorporation of 
HA into a nanostructured polymer matrix. To date, no exper-
imental data on the efficacy of these threads have been re-
ported in the scientific literature.

Thus, this study aimed to perform a histomorphologi-
cal evaluation of skin remodeling processes following P(LA/
CL)-HA-nano thread implantation in an experimental porcine 
model. This study included a comparative analysis of their ef-
fects on key morphological parameters of the skin, such as 
dermal thickness, type I and type III neocollagenesis, and 
elastogenesis, relative to P(LA/CL)-HA threads without nano-
encapsulation and intact skin.

METHODS
The animal experimental study was approved by the Local 
Ethics Committee of the “Center for Preclinical Research LLC” 
(Penza, Russia; protocol № 5-2023, dated August 23, 2023).

The present study used clinically healthy Large White 
pigs (n = 5).

Inclusion criteria:
1. Breed: Large White (Sus scrofa domesticus)
2. Age: 4 months
3. Body weight: 40 ± 2 kg
4. Sex: female
5. General health status: clinically healthy animals with 

no signs of somatic, infectious, or traumatic pathology, as 
confirmed by veterinary examination

6. Adaptation period: a 7-day acclimatization phase in vi-
varium conditions was implemented prior to the start of 
the study

Exclusion criteria:
1. Somatic or infectious disorders: presence of clinical 

signs of disease, external or internal injuries, or pathological 
abnormalities detected during examination or health moni-
toring

2. Reproductive status: pregnant or lactating females
3. Experimental history: animals previously subjected to 

invasive procedures or stress-inducing experimental inter-
ventions

The experimental protocol was organized and execut-
ed in strict accordance with the provisions of the Europe-
an Convention for the Protection of Vertebrate Animals Used 
for Experimental and Other Scientific Purposes (ETS № 123, 
1986), the Recommendations of the European Commission 
2007/526/EC, and Directive 2010/63/EU of the European Par-
liament and of the Council of the European Union.
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The experiment was conducted according to interna-
tional standards ISO 10993-1:20181 and ISO 10993-2:20222. 
The animals were housed in a certified vivarium under full 
compliance with regulatory requirements for the care and 
use of laboratory animals. The ambient temperature was 
maintained at 21 ± 2 °C, with relative humidity of 30–60%. 
The light/dark cycle was set to 12 hours of light and 12 hours 
of darkness, starting at 07:00 daily. Throughout the housing 
period, the pigs were provided with standardized pelleted 
feed tailored to their age and physiological needs and unre-
stricted access to clean drinking water.

Following a 7-day acclimatization period, each of the five 
animals was assigned an individual identification number by 
randomization through a lottery method. The animals un-
derwent implantation of threads into the cutaneous tissue, 
whereas intact skin areas of the same animals—to which 
no threads were implanted—served as intra-individual con-
trols. Each animal was randomly assigned to one of five ex-
perimental endpoints (days 7, 21, 30, 90, and 180), enabling 
sequential histomorphological evaluation of tissue changes 
at different stages of skin remodeling. Thus, the study was 
designed as a temporal cross-sectional comparison with 
elements of intra-subject control, without formal division 
into experimental groups.

The animals received analgesic and anesthetic agents 
approved for use in veterinary practice3. During the induc-
tion phase, each pig received intramuscular injection of xyla-
zine at 3 mg/kg (6 mL) and Zoletil® 100 (tiletamine + zolaze-
pam) at 1.75 mg/kg (0.7 mL). Stable levels of anesthesia and 
analgesia were maintained during the surgical procedure via 
facemask inhalation anesthesia with isoflurane (3 vol.% for 
induction and 1.5 vol.% for maintenance) in an oxygen mix-
ture, along with continuous intravenous infusion of propofol 
at 25 mL/h [20].

To prevent purulent-inflammatory complications, all ani-
mals received a single intramuscular injection of the broad-
spectrum antibiotic ceftriaxone at 25 mg/kg (1 g in 1 mL for 
a 40 kg animal), according to the principles of prophylactic 
antibacterial therapy.

The skin areas on the limbs (both forelimbs and hind 
limbs) and torso were depilated and disinfected with 70% 
ethanol prior to surgery to ensure aseptic conditions.

Implantation was performed using a straight 18 G needle, 
through which five threads of each test variant were insert-
ed into the subcutaneous tissue of each animal. The threads 
were introduced parallel to the skin surface to ensure optimal 

integration of the implants. On the right side of each animal’s 
body, five insertion points were established for resorbable 
P(LA/CL)-HA thread placement; on the left side, five P(LA/
CL)-HA-nano threads were implanted following an identical 
protocol. The implantation sites were covered with sterile ad-
hesive dressings to prevent infectious complications.

Each thread used in the procedure was 15 cm long, had 
a smooth (non-barbed) surface, and had a USP size of 2-0. 
All surgical procedures were completed without the occur-
rence of postoperative complications.

Following thread implantation, tissue harvesting (skin 
and subcutaneous fat) was conducted at five time points, 
namely, days 7, 21, 30, 90, and 180, for histological evalua-
tion. A 15 cm section of soft tissue was excised, from which 
three samples (one from each edge and one from the central 
region) were collected for subsequent microscopic analysis. 
The intact skin served as the control.

At the designated endpoint for each animal, euthanasia 
was performed by intravenous administration of an overdose 
of sedative–anesthetic agent, followed by exsanguination 
once deep pharmacological sedation was achieved2.

The tissue samples were subjected to standard histo-
logical processing followed by paraffin embedding [21]. Full-
thickness sections measuring 5–7 µm were prepared from 
each block, with three sections placed per microscope slide. 
After deparaffinization, the slides were stained using stan-
dard histological methods: hematoxylin and eosin, Weigert–
Van Gieson (WVG), and Picrosirius Red (SR).

Morphological evaluation of the tissue response to bio-
material implantation was carried out according to the inter-
national standard ISO 10993-6:20164. The analysis focused on 
the following target histological parameters:

1. Dermal thickness, µm
2. Density of type I collagen fibers in the dermis and hy-

podermis (arbitrary units; pixel intensity)
3. Density of type III collagen fibers in the dermis and hy-

podermis (arbitrary units; pixel intensity)
4. Density of elastic fibers in the dermis and hypodermis 

(arbitrary units; pixel intensity)
Notably, additional clarification regarding the histolo

gical staining methods employed in this study is warrant-
ed. The WVG technique was used to differentiate elastic fi-
bers from collagen fibers. Although SR staining is frequently 
applied for the detection of amyloid deposits, in the present 
study, it was adapted for polarized light microscopy to enable 
visual discrimination between collagen types; type I collagen 

1 GOST R ISO 10993-1-2021 “Biological evaluation of medical devices. Part 1. Evaluation and testing as part of the risk management process.” Moscow, 
2022. 44 p. (In Russ.)
2 GOST R ISO 10993-2-2009 “Biological evaluation of medical devices. Part 2. Requirements for handling animals.” Moscow, 2010. 16 p. (In Russ.)
3 State Register of Veterinary Medicines (list of medicinal products that have undergone state registration). (In Russ.) Available at: https://fsvps.gov.ru/
files/gosudarstvennyj-reestr-lekarstvennyh-sredstv-dlja-veterinarnogo-primenenija-perechen-lekarstvennyh-preparatov-proshedshih-gosudarstvennuju-
registraciju/ Accessed on: June 24, 2025.
4 GOST R ISO 10993-6-2021 "Evaluation of the biological effect of medical devices. Part 6. Studies of local action after implantation". Moscow, 2021. 34 p. 
(In Russ.)

https://fsvps.gov.ru/files/gosudarstvennyj-reestr-lekarstvennyh-sredstv-dlja-veterinarnogo-primenenija-perechen-lekarstvennyh-preparatov-proshedshih-gosudarstvennuju-registraciju/
https://fsvps.gov.ru/files/gosudarstvennyj-reestr-lekarstvennyh-sredstv-dlja-veterinarnogo-primenenija-perechen-lekarstvennyh-preparatov-proshedshih-gosudarstvennuju-registraciju/
https://fsvps.gov.ru/files/gosudarstvennyj-reestr-lekarstvennyh-sredstv-dlja-veterinarnogo-primenenija-perechen-lekarstvennyh-preparatov-proshedshih-gosudarstvennuju-registraciju/
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appeared strongly birefringent bright red, whereas type III 
collagen exhibited a greenish hue. Hematoxylin counterstain-
ing was intentionally omitted from the SR-stained sections 
to avoid interference from nuclear contrast and thus ensure 
the most accurate assessment of collagen fiber density.

Histological sections were examined with a digital micro
scope equipped with a 12-megapixel Sony camera under 
standard and polarized light conditions. Five microphoto-
graphs were captured at ×40 magnification for each sample. 
At ×100 magnification, ten images were obtained, which 
were evenly distributed between the dermis and hypoder-
mis. The same procedure was applied at ×200 magnification, 
yielding ten additional micrographs per section, equally rep-
resenting both skin layers.

Image acquisition and analysis were performed using 
ImageView v.3.7.7 and HistMorph v.2.3.

Statistical processing of the obtained data was per-
formed using Statistica v.7.0 (StatSoft Inc., USA). Quantita-
tive variables were described with the following parameters: 
the mean ± standard error of the mean (M ± m), median, in-
terquartile range (25th and 75th percentiles), and minimum 
and maximum values.

Analysis of changes in the studied parameters over time 
(within-group analysis) and comparisons between thread 
types at individual time points were conducted using the Wil-
coxon signed-rank test. P < 0.05 was considered statistical-
ly significant. Values between 0.05 and 0.1 were indicative of 
a trend toward statistical significance.

RESULTS
Tissue Changes Due to P(LA/CL)-HA-nano Sutures
The most pronounced changes were observed between 
days 30 and 90, manifested by a consistent increase in der-
mal thickness and type I collagen content and alterations in 
the density of type I and type III collagen fibers in the hypo-
dermis (p = 0.0431).

Comparative analysis between the baseline (day 7) and fi-
nal time point (day 180) revealed significant differences in der-
mal thickness, type I and type III collagen density in the hy-
podermis, and elastin density in the dermis and hypodermis 
(p = 0.0431). For type III collagen in the dermis, a trend to-
ward statistical significance was noted (p = 0.0796). In con-
trast, changes in type I collagen density in the dermis did not 
reach statistical significance (p = 0.2249).

Comparative Evaluation of P(LA/CL)-HA-nano 
Sutures Versus P(LA/CL)-HA Sutures and Control 
Across Histological Parameters
Dermal Thickness
P(LA/CL)-HA-nano vs. Control. The dermal thickness in the 
P(LA/CL)-HA-nano group was lower than that in the control 
group (1981.14 ± 89.64 µm) on days 7 and 21. The difference 
was significant on day 7 (1320.55 ± 87.62 µm; p = 0.0431), 

whereas a trend toward significance was observed on day 
21 (1667.02 ± 59.97 µm; p = 0.0796). However, from day 30 to 
day 180, the dermal thickness values in the P(LA/CL)-HA-na-
no group exceeded those in the control group, with signifi-
cant differences recorded on days 30 (2445.41 ± 70.83 µm; 
p = 0.0431) and 180 (2768.61 ± 135.52 µm; p = 0.0431).

P(LA/CL)-HA-nano vs. P(LA/CL)-HA. On day 30, der-
mal thickness in the P(LA/CL)-HA-nano group was great-
er than that in the P(LA/CL)-HA group. However, by day 90, 
it had decreased, and on days 90 (1906.78 ± 112.79 µm 
vs. 2619.65 ± 93.86 µm) and 180 (2768.61 ± 135.52 µm vs. 
3044.56 ± 154.96 µm), dermal thickness in the P(LA/CL)-HA-
nano group was significantly lower than that in the P(LA/CL)-
HA group (p = 0.0431).

Figure 1 presents histological data illustrating the dy-
namics of dermal thickness changes.

Density of Type I Collagen Fibers in the Dermis

P(LA/CL)-HA-nano vs. Control. Throughout the observation 
period, the level of type I collagen in the dermal layer of the skin 
in the P(LA/CL)-HA-nano group exceeded that in the control 
group (71.12 ± 6.22 arbitrary units). A significant difference was 
observed on day 90 (88.34 ± 1.94 arbitrary units; p = 0.0431).

P(LA/CL)-HA-nano vs. P(LA/CL)-HA. On day 7, the level 
of type I collagen in the dermis was greater in the P(LA/CL)-
HA-nano group (80.42 ± 2.18 arbitrary units) than in the P(LA/
CL)-HA group (75.26 ± 2.89 arbitrary units); however, this dif-
ference was not significant (p = 0.2249). At subsequent time 
points, type I collagen levels in the P(LA/CL)-HA group ex-
ceeded those in the P(LA/CL)-HA-nano group; no significant 
differences were observed, although a strong trend toward 
significance was noted on day 30 (p = 0.0796).

Figure 2 shows the histological data reflecting type I col-
lagen levels in the dermal layer.

P(LA/CL)-HA P(LA/CL)-HA-nano
3600

3200
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2400
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Day 21 Day 30 Day 90 Day 180
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*
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Figure 1. Dermal thickness (µm) (Wilcoxon signed-rank test). Each box 
plot represents the median and first (Q1) and third (Q3) quartiles. *, Signifi-
cant difference between study time points. **, Significant difference between 
thread types. ***, Significant difference between the P(LA/CL)-HA-nano and 
control groups. ###, Changes between the P(LA/CL)-HA-nano and control 
reached statistical significance.
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Density of Type I Collagen Fibers in the Hypodermis

P(LA/CL)-HA-nano vs. Control. Throughout the observation pe-
riod, the level of type I collagen in the hypodermis in the P(LA/
CL)-HA-nano group consistently exceeded that in the control. 
At all time points, the differences were significant (p = 0.0431).

P(LA/CL)-HA-nano vs. P(LA/CL)-HA. On day 7, the level of 
type I collagen in the hypodermis was significantly greater in 
the P(LA/CL)-HA-nano group than in the P(LA/CL)-HA group 
(70.94 ± 4.92 vs. 42.34 ± 2.64 arbitrary units; p = 0.0431). 
At later time points, the P(LA/CL)-HA group demonstrated 
greater values than did the P(LA/CL)-HA-nano group, with 
significant differences observed on days 21 (43.30 ± 2.75 
vs. 21.96 ± 2.94), 90 (78.36 ± 1.13 vs. 52.76 ± 2.82), and 180 
(37.82 ± 5.16 vs. 12.16 ± 0.51) (p = 0.0431). Notably, the P(LA/
CL)-HA-nano group exhibited the highest level of type I col-
lagen on day 7 (70.94 ± 4.92), followed by a progressive de-
crease to its lowest value on day 180 (12.16 ± 0.51). In con-
trast, the P(LA/CL)-HA group reached its peak on day 90 
(78.36 ± 1.13), with a subsequent decrease to a minimum level 
by day 180 (37.82 ± 5.16).

Figure 2 presents the histological data illustrating type I 
collagen content in the hypodermal layer.

Density of Type III Collagen Fibers in the Dermis

P(LA/CL)-HA-nano vs. Control. From day 7 to 180, the con-
tent of type III collagen in the dermal layer remained consis-
tently lower in the P(LA/CL)-HA-nano group than in the con-
trol group (12.18 ± 2.77 arbitrary units; p = 0.0021). Significant 
differences were found on days 7 (4.84 ± 0.58 arbitrary units) 
and 30 (4.06 ± 0.71 arbitrary units; p = 0.0431), whereas 
a trend toward significance was noted on day 90 (4.56 ± 1.13 
arbitrary units; p = 0.0796).

P(LA/CL)-HA-nano vs. P(LA/CL)-HA. From day 7 to 90, 
the content of type III collagen in the dermis was great-
er in the P(LA/CL)-HA group than in the P(LA/CL)-HA-nano 
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Figure 2. Density of type I collagen fibers in the dermis and hypodermis, arbitrary units (pixel intensity) (a.u.) (Wilcoxon signed-rank test). Each box plot dis-
plays the median and first (Q1) and third (Q3) quartiles. *, Significant difference between study time points. **, Significant difference between thread types. 
***, Significant difference between the P(LA/CL)-HA-nano and control groups. #, Changes over time reached statistical significance. ##, Difference between 
thread types reached statistical significance.

group, with a trend toward statistical significance ob-
served on day 7 (11.40 ± 2.36 vs. 4.84 ± 0.58 arbitrary units; 
p = 0.0796). In contrast, on day 180, type III collagen levels in 
the P(LA/CL)-HA-nano group (8.76 ± 2.09 arbitrary units) ex-
ceeded those in the P(LA/CL)-HA group (4.06 ± 0.81 arbitrary 
units); however, the difference did not reach statistical sig-
nificance (p = 0.1380). Notably, type III collagen levels in the 
P(LA/CL)-HA group steadily decreased over the entire obser-
vation period, whereas those in the P(LA/CL)-HA-nano group 
exhibited a fluctuating pattern: an increase from day 7 to 21 
(from 4.84 ± 0.58 to 12.64 ± 5.50 arbitrary units), a decrease 
from day 21 to 90 (to 4.56 ± 1.13), and a subsequent increase 
from day 90 to 180 (to 8.76 ± 2.09).

Figure 3 shows the histological data regarding type III 
collagen content in the dermis.

Density of Type III Collagen Fibers in the Hypodermis

P(LA/CL)-HA-nano vs. Control. Throughout the observation 
period, the content of type III collagen in the hypodermal lay-
er of the skin in the P(LA/CL)-HA-nano group remained con-
sistently and significantly greater than that in the control 
(13.70 ± 1.18 arbitrary units; p = 0.00001).

P(LA/CL)-HA-nano vs. P(LA/CL)-HA. On day 7, the level of 
type III collagen in the hypodermis was greater in the P(LA/
CL)-HA group (20.78 ± 2.40 arbitrary units) than in the P(LA/
CL)-HA-nano group (17.60 ± 3.65 arbitrary units); however, 
the difference was not significant (p = 0.5002). At subsequent 
time points, the values in the P(LA/CL)-HA-nano group ex-
ceeded those in the P(LA/CL)-HA group. Notably, in the P(LA/
CL)-HA-nano group, peak levels of type III collagen were 
observed on days 21 (51.74 ± 2.52) and 180 (51.86 ± 0.61), 
whereas in the P(LA/CL)-HA group, the peak was recorded 
only on day 180 (30.90 ± 3.29).

Figure 3 reveals the histological findings related to type 
III collagen content in the hypodermis.
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Density of Elastic Fibers in the Dermis

P(LA/CL)-HA-nano vs. Control. Elastin levels in the der-
mis were greater in the P(LA/CL)-HA-nano group on days 7 
(1.32 ± 0.11 arbitrary units), 30 (1.42 ± 0.18), 90 (1.70 ± 0.03), 
and 180 (2.08 ± 0.17) than in the control group (1.10 ± 0.16). 
Significant differences were observed on days 90 and 180 
(p = 0.0431). On day 21, the elastin levels were nearly identi-
cal to those of the control, with no significant difference de-
tected (p = 0.8551).

P(LA/CL)-HA-nano vs. P(LA/CL)-HA. Significant differenc-
es in dermal elastin levels between the study groups were 
observed only on day 21 (p = 0.0431), when values in the 
P(LA/CL)-HA group (1.48 ± 0.07 arbitrary units) were great-
er than those in the P(LA/CL)-HA-nano group (1.16 ± 0.04). 
On day 30, the elastin level in the P(LA/CL)-HA group 
(1.60 ± 0.11) exceeded that in the P(LA/CL)-HA-nano group 
(1.42 ± 0.18); however, the difference was not significant 
(p = 0.2733). Conversely, on days 7 (1.32 ± 0.11 vs. 1.18 ± 0.20; 
p = 0.5002), 90 (1.70 ± 0.03 vs. 1.44 ± 0.13; p = 0.1380), and 
180 (2.16 ± 0.22 vs. 1.80 ± 0.06; p = 0.1056), elastin levels in 
the dermis were higher in the P(LA/CL)-HA-nano group than 
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in the P(LA/CL)-HA group, although none of these differences 
reached statistical significance.

Figure 4 spresents the histological findings concerning 
dermal elastin levels.

Density of Elastic Fibers in the Hypodermis

P(LA/CL)-HA-nano vs. Control. On day 7, elastin levels in 
the hypodermal layer were significantly lower in the P(LA/
CL)-HA-nano group (0.18 ± 0.04 arbitrary units) than in the 
control group (1.10 ± 0.16; p = 0.0431). From day 21 onward, 
the values in the P(LA/CL)-HA-nano group exceeded those in 
the control group: 1.54 ± 0.10 on day 21, 1.28 ± 0.16 on day 
30, 1.52 ± 0.07 on day 90, and 1.32 ± 0.12 on day 180. A trend 
toward statistical significance was observed on days 21 and 
90 (p = 0.0796).

P(LA/CL)-HA-nano vs. P(LA/CL)-HA. Differences in hy-
podermal elastin levels between the study groups were ob-
served only on day 180, when values in the P(LA/CL)-HA 
group (2.16 ± 0.22 arbitrary units) were significantly great-
er than those in the P(LA/CL)-HA-nano group (1.32 ± 0.12; 
p = 0.0431). On days 7 and 30, elastin levels were greater 
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in the P(LA/CL)-HA group (1.32 ± 0.12 on day 7; 1.48 ± 0.16 
on day 30) than in the P(LA/CL)-HA-nano group (0.18 ± 0.04 
on day 7; 1.28 ± 0.16 on day 30), with a trend toward statis-
tical significance observed on day 7 (p = 0.0679). On day 21, 
elastin levels in the hypodermis were slightly greater in the 
P(LA/CL)-HA-nano group (1.54 ± 0.10) than in the P(LA/CL)-
HA group (1.50 ± 0.11); however, the difference was not sig-
nificant (p = 0.7874).

Figure 4 shows the histological results reflecting the elas-
tin content in the hypodermal layer.

DISCUSSION
In the present study, the dynamics of dermal thickness over 
a 6-month period were characterized to assess the biological 
behavior of P(LA/CL)-HA-nano threads.

Between days 7 and 21, the dermal thickness in the P(LA/
CL)-HA-nano group was lower than that in the control group 
(1981.14 ± 89.64 µm). A significant decrease was recorded on 
day 7 (1320.55 ± 87.62 µm; p = 0.0431), and a trend toward 
significance was observed on day 21 (1667.02 ± 59.97 µm; 
p = 0.0796), which may reflect the mechanical effect induced 
by thread implantation.

Following the initial decrease, the dermal thickness sig-
nificantly increased from day 30 (2445.41 ± 70.83 µm) to 180 
(2768.61 ± 135.52 µm), with significant differences observed 
at both time points (p = 0.0431 for each), indicating a pro-
nounced remodeling effect. This dynamic may be attributable 
to the sustained release of HA from the nanoencapsulated 
form, which promotes collagen synthesis and skin remodel-
ing [22, 23].

Over the 6-month observation period, the dermal thick-
ness in areas treated with P(LA/CL)-HA-nano threads recov-
ered from the initial reduction and exceeded the values re-
corded in controls. This indicates the capacity of the threads 
to enhance tissue remodeling and their successful integra-
tion into the dermal matrix. The significant differences ob-
served on days 30 and 180 (p = 0.0431 for both) emphasize 
the potential of this thread type to increase dermal thickness 
and improve the morphofunctional condition of the skin.

A comparison with conventional P(LA/CL)-HA threads re-
vealed that during the early phase (up to day 30), both groups 
presented comparable dermal thickness values. Howev-
er, from that point onward, an opposing trend emerged: 
the dermal thickness in the P(LA/CL)-HA group significant-
ly exceeded that in the P(LA/CL)-HA-nano group through-
out the remainder of the observation period. Significant dif-
ferences were recorded on days 90 (2619.65 ± 93.86 µm 
vs. 1906.78 ± 112.79 µm) and 180 (3044.56 ± 154.96 µm vs. 
2768.61 ± 135.52 µm) (p = 0.0431 for both comparisons). These 
differences may be attributable to variations in biological ac-
tivity and degradation profiles between the nanoencapsulated 
and non-modified forms of HA used in the thread composition.

P(LA/CL)-HA-nano threads demonstrated a significant in-
crease in dermal thickness from day 7 (1320.55 ± 87.62 µm) 

to 180 (2768.61 ± 135.52 µm; p = 0.0431), indicating their po-
tential for use in areas requiring tissue volumization and 
enhanced structural integrity. Although the dermal thick-
ness in the P(LA/CL)-HA-nano group was significantly low-
er than that in the P(LA/CL)-HA group during the second half 
of the study (p = 0.0264), the nanostructured threads contin-
ued to demonstrate efficacy and represented a preferable op-
tion for application in areas with thin skin.

The skin’s extracellular matrix is primarily composed 
of type I and type III collagen fibers. Type I collagen, a rig-
id fibrillar protein, accounts for approximately 80%–85% of 
the dermal matrix and provides mechanical strength and ten-
sile resistance. Type III collagen, which comprises approxi-
mately 8–11% of all collagen, forms an elastic reticular net-
work and is crucial for maintaining tissue flexibility, elasticity, 
and structural integrity [24, 25].

In the P(LA/CL)-HA-nano group, a decrease in type I col-
lagen concentration in the dermal layer was observed from 
day 7 (80.42 ± 2.18 arbitrary units) to 30 (72.94 ± 3.66); how-
ever, this decrease did not reach statistical significance (days 
7–21, p = 0.1380; days 21–30, p = 0.5002).

In contrast, the hypodermal layer exhibited a marked 
and significant decrease in type I collagen density from day 
7 (70.94 ± 4.92) to 21 (21.96 ± 2.94; p = 0.0431). This dynamic 
may reflect a remodeling phase characterized by degradation 
of pre-existing collagen framework, which may be triggered 
by mechanical stress or a localized inflammatory response 
following thread implantation. These changes may be spe-
cifically attributed to the biological activity of the nanoen-
capsulated HA within the threads, distinguishing them from 
conventional HA formulation used in standard P(LA/CL)-HA 
threads.

A significant increase in type I collagen density was re-
corded in the dermal layer from day 30 (72.94 ± 3.66 arbi-
trary units) to 90 (88.34 ± 1.94; p = 0.0431) and in the hypo-
dermal layer from day 21 (21.96 ± 2.94) to 90 (52.76 ± 2.82; 
p = 0.0431), indicating a shift from catabolic to anabolic ac-
tivity and the onset of an active phase of collagen synthesis. 
Notably, peak type I collagen density in the dermis was ob-
served on day 90 (88.34 ± 1.94), whereas in the hypodermis, 
it was reached as early as day 7 (70.94 ± 4.92).

By day 180, type I collagen levels in the dermal (70.46 ± 
4.91 arbitrary units) and hypodermal (12.16 ± 0.51) layers had 
further decreased, returning to values comparable to those 
in the control (71.12 ± 6.22 in the dermis and 9.20 ± 0.76 in 
the hypodermis).

Throughout the observation period, the type I collagen 
density in the hypodermis at the site of P(LA/CL)-HA-nano 
thread implantation consistently exceeded the control values 
(p = 0.00001), demonstrating a pronounced ability of these 
threads to stimulate collagen production. A similar trend was 
not statistically confirmed in the dermis (p = 0.1829).

Compared with P(LA/CL)-HA threads, P(LA/CL)-HA-na-
no threads generally presented lower collagen density in 
the dermal layer on day 30 (84.82 ± 2.28 vs. 72.94 ± 3.66 
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arbitrary units; p = 0.0796) and in the hypodermal layer on 
day 21 (43.30 ± 2.75 vs. 21.96 ± 2.94; p = 0.0431). An excep-
tion was observed on day 7 in the hypodermis, where the col-
lagen density was significantly greater in the P(LA/CL)-HA-
nano group (70.94 ± 4.92) than in the P(LA/CL)-HA group 
(49.91 ± 3.29; p = 0.0431). These findings reveal that nanocap-
sulation may alter the release kinetics or biological activity 
of HA, potentially affecting its collagen-stimulating capacity 
compared with conventional HA formulations.

Throughout the observation period, no significant day-to-
day fluctuations in type III collagen density were observed in 
the dermal layer following P(LA/CL)-HA-nano thread implan-
tation (days 7–21: p = 0.3452; days 21–30: p = 0.5002; days 
30–90: p = 0.8927; and days 90–180: p = 0.2249).

Notably, the present study revealed a significant increase 
in type III collagen content in the hypodermis between day 7 
(17.60 ± 3.65 arbitrary units) and 21 (51.74 ± 2.52; p = 0.0431). 
This increase may reflect active collagen synthesis or re-
structuring induced by the implantation of threads contain-
ing nanoencapsulated HA. A trend toward decreased type III 
collagen density was subsequently recorded between day 21 
(51.74 ± 2.52) and 90 (21.68 ± 1.53; p = 0.0431), which indi-
cates a transition from the synthesis phase to the remodeling 
phase, during which type III collagen is gradually replaced by 
structurally stronger type I collagen.

By day 180, a secondary increase in type III collagen den-
sity was observed, reaching statistical significance in the hy-
podermis (51.86 ± 0.61 arbitrary units; p = 0.0431) and show-
ing a nonsignificant increase in the dermis (8.76 ± 2.09; 
p = 0.2249). These findings may indicate the onset of a sec-
ondary phase of collagen accumulation or reactivation of 
the tissue remodeling processes critical for achieving final 
morphofunctional stabilization and integration of the threads 
into the hypodermal matrix.

Throughout the observation period, a trend toward sta-
tistical significance was observed in the dermis: the level of 
type III collagen increased from day 7 (4.84 ± 0.58) to 180 
(8.76 ± 2.09; p = 0.0796). In contrast, the hypodermal layer 
presented a significant increase in type III collagen from day 
7 (17.60 ± 3.65) to day 180 (51.86 ± 0.61; p = 0.0431).

Compared with the control (12.18 ± 2.77 arbitrary units), 
the use of P(LA/CL)-HA-nano threads was associated with 
a decreased density of type III collagen in the dermis at most 
time points. Significant differences were observed on days 
7 (4.84 ± 0.58) and 30 (4.06 ± 0.71; p = 0.0431), whereas 
a trend toward significance was noted by day 90 (4.56 ± 1.13; 
p = 0.0796).

However, throughout the study period, the density of 
type III collagen in the hypoderm was consistently greater 
than that in the control (13.70 ± 1.18). Significant differences 
were recorded from day 21 (51.74 ± 2.52) to 180 (51.86 ± 0.61; 
p = 0.0431).

The observed differences in the dermal and hypodermal 
responses to P(LA/CL)-HA-nano thread implantation, mani-
fested in the divergent dynamics of type III collagen density, 

may be associated with variations in the biological environ-
ment and functional roles of these skin layers.

The dermis, which is located closer to the surface and ac-
tively involved in the early phases of wound healing, may un-
dergo a more rapid remodeling process, during which type III 
collagen is relatively quickly replaced by mechanically stron-
ger type I collagen. This mechanism may account for the low-
er type III collagen values in the dermis than in the control.

In contrast, the hypodermis, situated in deeper layers 
and governed by distinct tissue renewal mechanisms and ki-
netics, may tend to retain or even accumulate type III colla-
gen. This may reflect a more prolonged recovery process and 
structural stabilization within the tissue matrix.

Compared with the P(LA/CL)-HA material, P(LA/CL)-
HA-nano threads exhibited distinct kinetics in the dermal 
layer, initially presenting with lower type III collagen lev-
els (p = 0.0796). However, by day 180, the values in the nano 
group exceeded those in the P(LA/CL)-HA group (4.06 ± 0.81 
vs. 8.76 ± 2.09 arbitrary units; p = 0.1380), although the dif-
ference did not reach statistical significance.

In the hypodermal layer, the nanomodified threads con-
sistently induced significantly increased type III collagen lev-
els starting from day 21. On day 21, the collagen level was 
24.52 ± 1.87 in the P(LA/CL)-HA group and 51.74 ± 2.52 in 
the P(LA/CL)-HA-nano group. By day 180, the values reached 
30.90 ± 3.29 and 51.86 ± 0.61, respectively.

These findings reveal the potential of nanoencapsulation 
technology to increase type III collagen deposition within the 
hypodermis.

Ultimately, P(LA/CL)-HA-nano threads exerted differen-
tial effects on type III collagen density in the dermal and hy-
podermal layers, demonstrating the distinct biological envi-
ronments and functional roles of these skin compartments. 
In the dermis, a more rapid remodeling response accompa-
nied by a subsequent decrease in type III collagen levels was 
observed. Conversely, the hypodermis exhibited a sustained 
increase in type III collagen content, indicating the involve-
ment of distinct healing and tissue integration mechanisms.

Overall, although both P(LA/CL)-HA and P(LA/CL)-HA-na-
no threads demonstrated dynamic changes in collagen depo-
sition over time, they exhibited distinctly different patterns. 
The P(LA/CL)-HA-nano group initially presented higher ear-
ly levels of collagen, particularly type I collagen in the hypo-
dermis and type III collagen at later stages in the same lay-
er. However, the P(LA/CL)-HA group was characterized by 
a more stable and prolonged increase in collagen, particular-
ly type I collagen, during the middle to late observation pe-
riods. Although many of the intergroup differences did not 
reach statistical significance, the observed trends show that 
the nanomodified suture material induces a more rapid but 
shorter-lived collagen response, whereas the conventional 
variant supports a more sustained remodeling process.

In the initial days following implantation, no significant 
changes in elastin content were observed in the dermal lay-
er between day 7 (1.32 ± 0.11 a.u.) and 21 (1.16 ± 0.04 a.u.), 
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which may indicate early stabilization of the tissue re-
sponse to thread insertion. Subsequently, up to day 90 (1.70 ±  
0.03 a.u.), the dermal structure exhibited a steady state with-
out marked fluctuations in this parameter, revealing gradu-
al adaptation of the tissue to the presence of the biomaterial. 
By day 90, with a continued trend observed through day 180 
(2.08 ± 0.17 a.u.), a pattern of increasing elastin density was 
recorded (p = 0.0796), indicating the potential of the threads 
to stimulate elastogenesis or promote structural integra-
tion of elastin fibers into the dermal matrix over an extend-
ed period.

A different pattern was observed in the hypodermal lay-
er following the implantation of P(LA/CL)-HA-nano threads. 
On day 7, elastin levels in the hypodermis were significant-
ly lower than those in the control (0.18 ± 0.04 a.u. vs. 1.14 ±  
0.10 a.u.; p = 0.0431), potentially indicating temporary sup-
pression of elastin synthesis or redistribution of tissue re-
sources in response to thread implantation. From day 21 (1.54 ±  
0.10 a.u.) to 180 (1.32 ± 0.12 a.u.), the elastin density generally 
exceeded the control value, with a trend toward statistical sig-
nificance observed on days 21 and 90 (1.52 ± 0.07 a.u.). How-
ever, no significant differences were recorded between these 
time points. These findings demonstrate recovery and subse-
quent enhancement of elastin production, possibly mediated by 
the bioactive properties of the nanothreads, which may stim-
ulate elastin synthesis or modulate its degradation pathways.

P(LA/CL)-HA-nano threads significantly increased elas-
tin density in the dermal and hypodermal layers over the 7- 
to 180-day observation period. In the dermis, the elastin 
content increased from 1.32 ± 0.11 a.u. to 2.08 ± 0.17 a.u.; 
in the hypodermis, it increased from 0.18 ± 0.04 a.u. to 
1.32 ± 0.12 a.u. (p = 0.0431 for both comparisons). These 
findings show that P(LA/CL)-HA-nano threads induce a pro-
nounced elastogenic effect.

The use of P(LA/CL)-HA-nano threads resulted in a sus-
tained increase in the elastin content in the dermal layer on 
days 90 (1.70 ± 0.03 a.u.) and 180 (2.08 ± 0.17 a.u.) than in 
the control, with significant differences observed (p = 0.0431). 
A similar trend was not observed in the hypodermis; a ten-
dency toward statistical significance was noted only on days 
21 (1.54 ± 0.10 a.u.) and 90 (1.52 ± 0.07 a.u.) (p = 0.0796).

Compared with P(LA/CL)-HA threads, P(LA/CL)-HA-nano 
threads elicited distinct elastin-related responses in the der-
mal layer. This difference was most pronounced on day 21, 
when the elastin level was significantly greater in the P(LA/
CL)-HA group (1.48 ± 0.07 a.u.) than in the P(LA/CL)-HA-na-
no group (1.16 ± 0.047 a.u.; p = 0.0431), potentially indicating 
differences in tissue interactions or in the regulatory mech-
anisms governing elastin synthesis. In contrast, on days 7, 
90, and 180, elastin concentration was greater in the area of 
the P(LA/CL)-HA-nano threads than in that of the standard 
P(LA/CL)-HA threads. Specifically, the values in the P(LA/
CL)-HA-nano group were 1.32 ± 0.11 a.u. (day 7), 1.70 ± 0.03 
a.u. (day 90), and 2.08 ± 0.17 a.u. (day 180), whereas those 
in the P(LA/CL)-HA group were 1.18 ± 0.20, 1.44 ± 0.13, and 

1.80 ± 0.06 a.u., respectively. However, these differences did 
not reach statistical significance (day 7, p = 0.5002; day 90, 
p = 0.1380; and day 180, p = 0.1056).

In the hypodermal layer, the P(LA/CL)-HA-nano materi-
al resulted in a significantly lower elastin level than the P(LA/
CL)-HA threads did on day 180 (1.32 ± 0.12 a.u. vs. 2.16 ±  
0.22 a.u.). Although the elastin levels were consistently low-
er in the nano-thread group at earlier time points—on days 
7 (0.18 ± 0.04 a.u. vs. 0.94 ± 0.27 a.u.), 30 (1.28 ± 0.16 a.u. vs. 
1.48 ± 0.16 a.u.), and 90 (1.52 ± 0.07 a.u. vs. 1.56 ±0.04 a.u.)— 
these differences did not reach statistical significance 
(p > 0.05). These findings indicate that compositional differenc-
es between thread types may differentially affect elastin dy-
namics, possibly due to variations in the release profiles of bio-
active agents or physical properties of the threads themselves.

Therefore, this animal model study revealed subtle fea-
tures of the interaction between the P(LA/CL)-HA-nano 
thread material and tissue elastin levels over a 6-month ob-
servation period. In the early stages (up to day 30) post-im-
plantation, stabilization of elastin content in the dermis in-
dicated that P(LA/CL)-HA-nano threads facilitate gradual 
tissue adaptation without inducing abrupt structural changes.

The marked increase in elastin density observed on days 
90 and 180, particularly in the dermis, demonstrates the pro-
longed biological effect of the threads, promoting elastogen-
esis and the integration of elastic fibers into the tissue ma-
trix. Such enhancement of elastin structural organization is 
crucial in maintaining skin elasticity and architectural integri-
ty, which may contribute to improved aesthetic outcomes and 
greater longevity of the restored tissues.

CONCLUSIONS
Based on the results of the histomorphological evaluation, 
P(LA/CL)-HA-nano threads demonstrate efficacy in induc-
ing skin tissue remodeling processes following implantation 
in a porcine experimental model. The significant increase in 
dermal thickness along with evidence of the material’s ca-
pacity to modulate the synthesis of type I and III collagens 
and prolonged stimulatory effect on elastogenesis emphasize 
the pronounced bioactive properties of the tested threads and 
their potential as promising tools for use in aesthetic and re-
constructive medicine.
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