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Abstract: Facial aging is a multifactorial and stratified biological process characterized by
progressive morphological and biochemical alterations affecting both cutaneous (Layer I)
and subcutaneous (Layer II) tissues. These age-related changes manifest clinically as vol-
ume depletion, tissue ptosis, and a decline in overall skin quality. In response to these
phenomena, thread lifting techniques have evolved significantly—from simple mechanical
suspension methods to sophisticated bioactive platforms. Contemporary threads now in-
corporate biocompatible polymers and hyaluronic acid (HA), aiming not only to reposition
soft tissues but also to promote dermal regeneration. This review provides a comprehensive
classification and critical assessment of thread lifting materials, focusing on their chemical
composition, mechanical performance, degradation kinetics, and biostimulatory potential.
Particular emphasis has been given to the surface integration of HA into monofilament
threads, especially with the emergence of advanced delivery systems such as NAMICA,
which facilitate sustained HA release. Advanced thread materials, especially those fabri-
cated from poly(L-lactide-co-¢-caprolactone) [P(LA/CL)], demonstrate both tensile support
and regenerative efficacy. Emerging HA-covered threads exhibit synergistic bioactivity,
stimulating skin remodeling. NAMICA technology represents an advancement in the field,
in which HA is encapsulated within biodegradable polymer fibers to enable gradual release
and enhanced dermal integration. Nonetheless, well-designed human studies are still
needed to substantiate its therapeutic efficacy. Consequently, the paradigm of thread lifting
is shifting from purely mechanical interventions toward biologically active systems that
promote comprehensive ECM regeneration. The integration of HA into resorbable threads,
especially when combined with sustained-release technologies, represents a meaningful
innovation in aesthetic dermatology, meriting further preclinical and clinical evaluation.

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

1. Introduction

The condition of the skin serves not only as a biological interface with the external
environment but also as a visible indicator of systemic health and chronological aging. As
the most perceptible organ of the human body, skin quality is closely associated with self-
perceived attractiveness, psychological well-being, and broader social and interpersonal dy-
namics. Consequently, preserving its morphofunctional integrity and mitigating age-related
degradation are essential goals in both clinical dermatology and aesthetic medicine [1].

To meet these goals, a broad array of facial rejuvenation strategies has been developed
beyond thread lifting. Laser-based modalities, including ablative systems such as carbon
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dioxide and erbium: YAG lasers, remain central for improving photoaged skin, atrophic
scarring, and dermal textural irregularities, albeit with potential downtime and risks. Less
invasive light-based therapies now offer multi-wavelength versatility with reduced morbid-
ity [2]. Photodynamic photorejuvenation combines a topical photosensitizer with targeted
light activation, effectively addressing both vascular and pigmentary manifestations of
photodamage while stimulating dermal remodeling [3]. Similarly, low-level light therapy
with light-emitting diodes (LEDs) has demonstrated biomodulatory effects on mitochon-
drial function, promoting collagen synthesis and smoothing skin texture with minimal
adverse effects [4]. Injectable dermal fillers, including hyaluronic acid, polylactic acid, and
calcium hydroxylapatite, serve to restore volume and contour with immediate aesthetic
impact and low invasiveness [5]. Chemical peeling techniques, ranging from superficial to
deep, induce controlled epidermal and dermal injury to promote regeneration, increase
epidermal thickness, and target pigmentary or textural skin irregularities [6]. Mesotherapy
introduces bioactive compounds intradermally to improve hydration, nutrient delivery, and
skin tone, whereas injectable lipolysis provides localized fat reduction for refined facial con-
touring [7]. Together, these modalities represent a customizable and synergistic toolkit that
complements thread-based interventions in achieving comprehensive facial rejuvenation.
Thread lifting technologies have emerged as a minimally invasive yet biologically
active approach for aesthetic correction. Originally developed for mechanical tissue sus-
pension, modern thread systems now serve as multifunctional platforms that integrate
structural support with regenerative signaling. By leveraging advances in polymer chem-
istry, bioresorbable scaffolds, and hyaluronic acid (HA) delivery, next-generation threads
are designed to modulate dermal remodeling while providing immediate lifting effects.
This review aims to synthesize anatomical, histological, molecular, and materials
science research related to facial aging, with a particular focus on Layers I and II. It
offers a comprehensive classification of thread lifting materials and critically evaluates the
regenerative potential of HA-integrated implants, especially those employing advanced
encapsulation technologies such as NAMICA, for sustained dermal bioactivation.

2. Materials and Methods

A literature review was performed through a manual search of peer-reviewed publica-
tions retrieved from major scientific databases, including Scopus, Web of Science, PubMed,
and the Russian Science Citation Index (eLIBRARY.RU). The search strategy utilized a range
of targeted keywords relevant to the study’s scope, such as facial aging, skin aging, dermal
aging, cutaneous aging, extracellular matrix remodeling, dermal remodeling, hyaluronic
acid in the skin, biorevitalization threads, thread lifting technology, nonabsorbable lifting
threads, absorbable lifting threads, P(LA/CL) threads, HA-integrated thread implants,
NAMICA thread technology, hyaluronic acid encapsulation, gradual release of HA in the
skin, and noninvasive facial rejuvenation. In the case of Google Scholar, ResearchGate, and
eLIBRARY. RU, search terms were applied individually.

This narrative review focused specifically on the literature addressing the clinical and
experimental use of resorbable thread implants and the role of HA integration in aesthetic
dermatologic procedures. Eligible publications were restricted to studies published in
English or Russian within the last 15 years and included both preclinical and clinical
investigations, with the exception of two sources published in 1978 and 1994, which were
included individually to reflect historical aspects of the topic. No automation tools were
employed in the data collection, and the review process was conducted manually. This
review was not formally registered, and no predefined protocol was established.
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3. Results
3.1. Types of Threads and the Materials They Are Made of

Modern thread lifting techniques for correcting age-related facial changes have evolved
through continuous advancements in thread composition and clinical protocols. Recent
progress in tissue engineering, regenerative medicine, and biocompatible materials has
provided a robust scientific foundation for integrating innovative thread technologies into
dermatological practice, thereby broadening the therapeutic options in aesthetic medicine.

Modern lifting threads are systematically classified on the basis of a number of param-
eters that determine their biomedical and operational properties. The key classification
criteria include the chemical nature and biodegradation characteristics of the material,
morphometric parameters (including diameter), mechanical strength, and microstructure
and surface topography, which influence tissue integration and the degree of fibrous re-
sponse. The functional features of the threads also play an important role in the selection of
a specific technique and in determining the expected clinical outcomes when performing
thread lifting procedures [8].

Notably, the structural component of thread implants plays a critical role in modulating
the biological responses of recipient tissues, determining the degree of biocompatibility,
the characteristics of the inflammatory reaction, and the extent of neocollagenesis and
angiogenesis. Furthermore, the structural features of a material largely determine its
susceptibility to microbial adhesion and subsequent bacterial colonization [9].

Lifting threads are classified on the basis of their surface morphology and physical
properties. An example of such a classification is presented below [8] (Figure 1):

— Monofilament (Mono) sutures are smooth-surfaced threads designed to minimize
tissue trauma during insertion. They are most often used for reinforcement. These
threads are quite thin and are therefore ideal for working with delicate areas, such as
thin skin and regions with minimal subcutaneous fat. Their primary function is to
stimulate the formation of a collagen framework in the dermis and to improve skin
quality by inducing microtrauma in the tissues.

— Spring/Twin threads are a type of thread implant characterized by pronounced elas-
tomeric properties, including “shape memory” capabilities. After implantation into
tissues, they tend to return to their original helical configuration, providing a pro-
nounced mechanical lifting effect through the distribution of tension vectors within
the three-dimensional structure of the dermis and hypodermis. This design feature
helps not only in repositioning soft tissues but also in effectively correcting local
asymmetry, shaping desired contours, and restoring lost volume in areas affected by
age-related involution.

— Barbed sutures, featuring barbed structures along the entire length of the thread,
provide mechanical fixation within the SMAS layer, contributing to the formation of
a stable tension vector and a prolonged lifting effect. The morphology of the barbs
varies depending on the clinical task and the intended area of correction. Currently,
designs with unidirectional, bidirectional, or multidirectional barb orientation are
used, depending on the clinical task and the intended area of correction. These
modifications optimize the tension distribution, achieve uniform tissue traction along
the implantation line, and minimize the risk of displacement. Thus, barbed sutures
combine a mechanical lifting effect with the biostimulating potential associated with
the tissue response to microtrauma, making them a highly effective modality for the
aesthetic correction of age-related changes.
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A: Monofilament thread B: Spring thread C: Twin thread

D: Uni-direction cogged thread E: Bi-direction cogged thread F: Milti-direction cogged thread

Figure 1. Types of lifting threads by morphological characteristics.

The dimensional characteristics of suture materials are regulated by international
pharmacopeial standards, among which the classifications proposed by the United States
Pharmacopeia (USP) and the European Pharmacopoeia (EP) are the most widely used. In
practice, the USP system is predominantly used, providing a unified approach to thread
gauge designation [8].

According to this system, the size of the suture material is encoded via a pair of Arabic
numerals, where the first digit indicates the gauge number, and the “0” following the slash
(e.g., 2/0, 3/0) denotes inclusion in the subzero series; the higher the first digit is, the
smaller the thread diameter. Thus, a 3/0 thread (pronounced “three-zero”) has a smaller
diameter than a 2/0 thread (“two-zero”), with the material of composition not considered
in this classification (Figure 2).

Understanding Surgical Suture Sizes: USP, Metric, and Diameter Guide

0 ©0.350-0.399 mm

2/0 00.200-0.249 mm
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6/0 0.050-0.069 mm
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9/0 ®00.030:0.039 mm
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Figure 2. Illustrative diagram of suture sizes.

This standardization of suture calibers ensures reproducibility in clinical practice;
facilitates precise thread selection on the basis of the anatomical region, tissue characteristics,
and extent of the intended intervention; and serves as a guideline for rational choice in
specific surgical and aesthetic procedures.

When implanted in soft tissues, a lifting thread is generally capable of inducing three
distinct rejuvenating effects: lifting, reinforcing, and biostimulating. Clinical observations
indicate that each specific type of thread tends to predominantly exhibit one of these effects,
whereas the other two types are present to a lesser extent [10,11].

As noted earlier, certain types of lifting threads are characterized by the presence
of specialized fixation elements on the thread surface, including notches, “teeth”, cones,
or dents. These textural structures play a critical role in anchoring tissues, preventing
retraction to their original position, and thereby providing a stable lifting effect.
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Typically, threads of size 1/0 or 2/0 according to the USP classification are used for
such purposes and possess the high mechanical strength necessary for stable traction and
for withstanding the mechanical load generated by tissue forces.

Notably, when placed without displacement of soft tissues, the functional role of such
threads is limited to passive stabilization of the skin-muscle framework, which serves
primarily as a reinforcing rather than a traction tool [12].

Reinforcing threads are implants designed for internal stabilization of soft tissue struc-
tures and the creation of a supportive dermal framework that promotes ECM remodeling.
Their primary mechanism of action occurs through the stimulation of regenerative pro-
cesses in response to microtrauma rather than through tissue displacement, as observed
with lifting threads.

A key advantage of reinforcing threads is the bidirectional orientation of textural
elements, which ensures self-anchoring of the implant without the need for a separate
fixation point. The absence of a local stress zone that experiences excessive loading from
displaced tissues reduces the risk of side effects. The arrangement of the textural elements
can be mirror-symmetrical or alternating, allowing for individualization of the implantation
technique tailored to the anatomical and functional characteristics of the correction area [12].

Biostimulating threads are a type of implantable suture material whose primary
mechanism of action occurs not through mechanical means but through the activation
of tissue regeneration processes. Their biological activity is attributed primarily to their
chemical composition and the physiological response of tissues to the implantation of a
foreign material, leading to an inflammatory reaction and subsequent remodeling. As a
result, stimulation of neocollagenesis and an increase in the density of the dermal matrix
are observed around the implanted threads [12-14].

Despite their pronounced biostimulating potential, these threads have minimal or no
ability to produce lifting or structural support effects, thereby limiting their application
solely to enhancing skin quality, including improvements in turgor, texture, and microrelief.

As a rule, biostimulating threads have a small diameter (up to 3/0 according to the
USP classification), are highly flexible, and are produced in either smooth or textured
forms. The choice of surface type depends on the clinical task: smooth threads are mainly
used in delicate facial areas, whereas textured threads are employed to enhance the tissue
response owing to their increased surface area for interaction with surrounding structures
and stronger fixation [12].

Lifting threads can be classified as nonabsorbable (polypropylene, silicone, silicone-
coated polyester, polyester (polyethylene terephthalate—PET), and medical-grade silicone)
or absorbable (polydioxanone (PDO), poly-L-lactic acid (PLLA), polycaprolactone (PCL),
poly(lactic-co-glycolic acid) (PLGA), P(LA/CL), and P(LA/CL)-HA) [8]. Nonabsorbable
threads are characterized by high durability and resistance to degradation by biological
tissues. In contrast, absorbable threads have lower tensile strength and are designed to be
completely absorbed over time with minimal or no tissue reactions. The resorption rate of
these threads varies within specific timeframes and depends on the material selected or the
product brand [15].

As previously stated, lifting threads are manufactured from various materials on the
basis of their unique properties and areas of application. This selection aligns with surgical
objectives and patient needs, considering the desired durability and tissue interaction.

Polypropylene, a nonpolar, partially crystalline thermoplastic and nonabsorbable
polymer, is widely used in medical practice. It is valuable in procedures aimed at achiev-
ing long-term effects because of its low tissue reactivity, very low coefficient of friction,
and resistance to biodegradation [16,17]. Its high tensile strength underpins its clinical
significance in aesthetic correction protocols, specifically for correcting morphological
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manifestations of chronological aging, such as blurring of the jawline, deep nasolabial folds,
and ptosis in the malar region [18].

Furthermore, utilizing these properties, APTOS LLC (Tbilisi, Georgia) has developed
an original minimally invasive technique focused on correcting facial asymmetry resulting
from peripheral facial nerve paresis. The proposed protocol involves topographically
guided insertion of polypropylene threads into the subcutaneous layer, considering the
individual anatomical and functional characteristics of the affected and intact sides [17].

Silicone threads, resembling elastic bands, represent a distinct class of nonabsorbable
implants, differing from traditional suture materials in both composition and functional
purpose. The main clinical application of these threads involves surgical interventions
requiring dynamic movement, changes in topography, rotation of soft tissues, or temporary
fixation of anatomical structures. The implantation of a silicone suture involves its passage
through designated tissue layers, targeted positioning, and subsequent reliable fixation.
Owing to its high elasticity, the material allows for secondary adjustment; if tension weak-
ens, the thread’s position can be readjusted without requiring complete revision of the
implantation area [19]. Silicone threads are widely used in pelvic floor reconstructive
surgery, particularly in vaginoplasty and prolapse correction, where their elasticity accom-
modates the physiological mobility of tissues and the patient’s anatomical features [20].

Despite the active development of biodegradable thread technologies, nonabsorbable
threads still retain clinical importance in certain cases of aesthetic and reconstructive
surgery. However, the high risk of long-term consequences associated with their use is
increasingly prompting revisions of therapeutic strategies in favor of absorbable thread
implants, which offer a more favorable safety and biocompatibility profile [21].

The key limitation of nonabsorbable threads is their permanent presence in tissues,
leading to a prolonged inflammatory response through chronic stimulation of foreign body
responses. At the histological level, this can be accompanied by granuloma formation, the
development of a pronounced fibrous sheath, and fibrous transformation of surrounding struc-
tures, particularly in patients with a predisposition to excessive fibroblast proliferation [20].

Aesthetically, these threads are often associated with the risk of visible defects, such as
skin retraction at the site of thread passage, contouring, or palpability of the implant, which
are especially pronounced during age-related involution of layer II of the facial region [22].

PDO threads are synthetic, biodegradable, and fully absorbable polymers character-
ized by high biocompatibility and a well-established safety profile. The material degrades
through hydrolytic cleavage, with complete metabolic elimination of the threads typically
completed within six months after implantation. In their smooth (monofilament) form,
PDO implants do not exert traction effects but effectively stimulate neocollagenesis through
microtrauma and fibroblast activation. This makes them particularly effective in correcting
static wrinkles and generally improving skin quality [13,23,24]. Surface modifications of
PDO threads, including the creation of textured structures (e.g., notches, barbs, “teeth”,
and spiral twisting), significantly increase their fixation capacity and provide mechanical
support to soft tissues. Owing to the optimal combination of biostimulating and structural-
mechanical effects, PDO threads in various configurations occupy an important place in
modern thread rejuvenation protocols [25-27].

After PDO thread implantation, a cascade of processes aimed at tissue remodeling
and improving the morphological and functional state of the skin is initiated. The pri-
mary mechanism of PDO threads is the activation of neocollagenesis and fibrillogenesis,
accompanied by gradual contraction and restructuring of the fibrotic dermis. This leads to
moderate skin retraction, improved skin tone, and a visual lifting effect [28,29].

At the histological level, the increase in density and thickness of the dermal matrix,
along with stimulation of neovascularization, contributes to increased tissue trophism
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and normalization of microcirculation. Moreover, partial denaturation of the adipocytic
deposits involved in volume formation is observed, which may contribute to gentle contour
correction and lifting without excessive volume creation [24,29].

Additionally, PDO threads induce the formation of granulation tissue, indicating
the onset of the early phase of the reparative response. This stage involves not only
the production of new collagen matrices but also their integration with existing fibrillar
structures in the dermis. This architectural reorganization of the skin matrix contributes
to improved elasticity, density, and homogeneity of the skin, providing a natural and
aesthetically pleasing restoration of skin texture and contours [30].

Despite its benefits, PDO thread technology has notable limitations. Its short biodegra-
dation cycle—about six months—may be insufficient for forming a lasting connective tissue
framework. Additionally, its nonspecific and unstructured stimulation of neocollagenesis,
particularly with superficial thread implantation or in cases of thin dermis, can lead to
local fibrosis, thread contouring, and the formation of aesthetically significant irregularities
and microdeformations. As a softer, less durable material than the PLLA or PCL, the
PDO is less suitable for individuals with significant tissue density, gravitational ptosis, or
excess subcutaneous fat. Without supplementary treatments, outcomes may be unstable,
particularly in older patients with advanced aging changes [22,24,31].

PLLA is a biocompatible, biodegradable, and absorbable synthetic polymer widely
used in aesthetic medicine, both as a component of injectable volumizers and as a material
for thread lifting technologies aimed at restoring volume and correcting age-related soft
tissue ptosis and deformation [32].

Following implantation, PLLA threads undergo hydrolytic de-esterification, resulting
in the breakdown of the polymer into lactic acid monomers. These metabolites are sub-
sequently metabolized via the tricarboxylic acid (Krebs) cycle, are ultimately converted
into carbon dioxide and water, and are completely eliminated from the body. The com-
plete biodegradation cycle of PLLA averages 16-18 months and may last up to 24 months,
significantly exceeding the resorption period of PDO-based threads [8,33,34].

This type of thread operates via a dual mechanism: providing immediate mechanical
lifting and a delayed biostimulating effect by triggering regenerative processes. Following
implantation, a mild inflammatory response initiates neocollagenesis, activating fibroblasts
and promoting type I and III collagen synthesis to strengthen the dermal matrix [32,35].
Over approximately 24 months, PLLA has been gradually replaced by new collagen,
supporting tissue remodeling and improving aesthetic results [36].

PLGA is a biocompatible, biodegradable copolymer of polylactic acid (PLA) and polyg-
lycolic acid (PGA) that is known for its structural stability, which lasts up to 24 months
post-implantation. Its combination of mechanical strength and controlled resorption makes
it ideal for long-acting threads used in minimally invasive facial lifting. PLGA threads en-
able immediate mechanical lifting as well as delayed soft tissue remodeling by stimulating
the synthesis of fiber-forming components of the ECM, effectively addressing gravitational
ptosis, reduced skin turgor, and age-related facial contour changes [8].

As noted earlier, a key advantage of these materials over PDO is their delayed biodegra-
dation, which allows for prolonged maintenance of the mechanical lifting effect after the
procedure. This is due to the high stability of the polymer structure in recipient tissues,
making PLLA and PLGA threads preferable for the long-term support of soft tissue struc-
tures. However, the biostimulating effect of these threads, particularly the induction of
neocollagenesis, does not manifest immediately after implantation but rather occurs with a
delay as part of the late reparative response [8,34,37].

PCL is a biocompatible, biodegradable polymer valued for its elasticity and resistance
to mechanical stress, making it well-suited for aesthetic dermatology. Compared with the
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PDO and PLLA, the PCL offers greater flexibility and elasticity, reducing patient discomfort
during and after implantation [38,39]. It degrades gradually over 12-18 months into inert
byproducts, water, and carbon dioxide, which are completely eliminated from the body
through natural metabolic pathways [38,40]. This prolonged resorption ensures prolonged
tissue support as well as a sustained biostimulating effect in terms of structural remodeling
of the dermis. Clinical studies have demonstrated that PCL-based threads have a superior
capacity to induce collagen synthesis than do PDO- and PLLA-based materials. This
primarily stimulates the production of type III collagen, leading to a decrease in the collagen
I/11I index, improving skin elasticity and enabling more physiological tissue restructuring,
especially in age groups characterized by pronounced involutional changes [39,41,42].

Notably, similar to PLLA and PLGA threads, collagenogenesis with PCL threads
occurs with a delay. The biological response gradually progresses, with initial signs of skin
remodeling becoming evident several weeks after the procedure [39].

P(LA/CL), a copolymer obtained through ring-opening polymerization of L-lactide
and e-caprolactone, is a highly effective biomaterial with proven biocompatibility, safety,
and high tissue tolerance, rendering it promising for use in minimally invasive aesthetic
procedures, including thread lifting techniques [43]. After implantation into biological
tissues, the material undergoes stepwise degradation, initially degrading into individual
components—polylactide and polycaprolactone—which are subsequently hydrolyzed to
lactic and 6-hydroxycaproic acids, respectively. These products are metabolized via natural
metabolic processes and are completely eliminated from the body [44].

According to experimental studies, complete biodegradation of P(LA/CL) occurs
within approximately 24 months, owing to its slower resorption rate than that of other
biodegradable copolymers, resulting in prolonged support and stable fixation of soft tissue
structures [17,45].

P(LA/CL)-based threads provide both immediate lifting and long-term biostimulation
due to their balanced composition, with 25% e-caprolactone increasing the strength, elastic-
ity, and degradation time. This composition also promotes lactic acid diffusion, stimulating
fibroblasts, neocollagenesis, and elastin synthesis. Histologically, these threads remodel
the dermal matrix, improve skin architecture, and form a stable connective framework,
delivering lasting rejuvenation, which is particularly effective in areas with ptosis and
volume loss [17,46,47].

In aesthetic medicine, resorbable sutures are widely used for immediate mechanical
lifting by repositioning soft tissues, with their gradual degradation supporting long-term
tissue remodeling. While current thread designs already offer high mechanical perfor-
mance, further improvements provide limited clinical benefit. As a result, the focus has
increasingly shifted toward their biorevitalizing potential—particularly their capacity to
stimulate cellular activity and matrix remodeling—marking a promising direction for
future innovation and research.

3.2. Function of Hyaluronan in Cutaneous Wound Repair

GAGs represent some of the most complex polysaccharides of the ECM and play
crucial roles both in maintaining tissue homeostasis and in the development of various
pathological processes [48,49]. HA, a nonsulfated GAG composed of disaccharide units
of glucuronic acid and N-acetylglucosamine, is one of the key members of this group.
Owing to its unique structure and biological properties, HA plays an important role in the
structural and functional organization of the ECM [50].

These data indicate that HA has a molecular weight-dependent influence on cell be-
havior, including parameters of proliferation, migration, and angiogenesis. Low-molecular-
weight fractions of HA within the molecular weight (MW) range of 400-10,000 Da exhibit
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pronounced proangiogenic activity, whereas fragments ranging from 50,000 to 100,000 Da
predominantly stimulate cell migration and increase proliferation rates. In contrast, high-
molecular-weight HA (HMW-HA) (MW > 500,000 Da) inhibits angiogenesis, restricts cell
migration, and reduces proliferative activity, acting as a functional antagonist of short-
chain forms. Moreover, fractions with MW > 1,000,000 Da demonstrate pronounced
anti-inflammatory effects and possess high hydrating capacity. Therefore, to achieve spe-
cific biological effects in tissue engineering and regenerative medicine, HA fractions with
precisely controlled molecular weights are used to ensure specific modulation of the cellular
response [51-56].

The process of skin wound healing is complex, initiated by the disruption of skin
integrity, and involves various cellular activities across distinct phases. These phases
include the initial inflammatory stage, followed by the proliferative or tissue repair stage,
and culminate in the remodeling stage. Throughout these stages, HA assumes specific
roles, contributing significantly to the regulation and progression of wound healing [57].
These findings underscore the importance of HA and other GAGs in maintaining not only
structural integrity but also the functional efficacy of tissue repair mechanisms.

During the inflammatory phase of wound healing, HA levels sharply increase, peak
at approximately 3 days post-injury, and then decrease, as was initially documented in re-
search conducted by Dunphy J.E. [58]. This surge is driven primarily by platelets, megakary-
ocytes [59], and keratinocytes via upregulated HA synthase genes (Has2, Has3) [60,61].
The resulting accumulation of HMW-HA promotes water diffusion and edema, facilitating
immune cell infiltration while also exerting anti-inflammatory effects and reducing vascular
leakiness, thus supporting early wound healing [53,62].

During the proliferative phase of wound healing, HA regulates key cellular functions
by promoting fibroblast migration [63], preventing apoptosis [64,65], and supporting their
transformation into myofibroblasts [63]. It also aids in the formation of new tissue scaffolds
to reinforce the structural matrix [63]. Additionally, HMW-HA inhibits angiogenesis
by limiting endothelial cell proliferation and disrupting their monolayer [66], thereby
impeding intercellular communication [67].

Normal wound healing leads to scar formation through coordinated interactions
between fibroblasts and the ECM, with collagen turnover being balanced at approximately
three weeks post-injury. As healing progresses, HA and other wound-specific elements
are degraded and replaced by an avascular, collagen-rich scar [68]. Meyer L.J.M. and
Stern R. reported that HA remains consistently present in the upper dermis from fetal
development through old age [69]. However, its extractability varies due to differing
levels of hyaladherin binding, influencing its functional role in scarring. Additionally,
Balaji S. et al. demonstrated that treatment with HA and IL-10 can induce adult fibroblasts
to adopt fetal-like characteristics, emphasizing the regulatory role of HA in fibroblast
activity and scar formation [70].

3.3. Hyaluronic Acid: Clinical Application in Aesthetic Medicine and Synergy with
Thread Technologies

The pronounced dermatotropic properties of HA, combined with its ability to regulate
the viscoelastic characteristics of the skin, underpin its extensive application in aesthetic
medicine for the management of age-related changes. In addition to their cosmetological
use, HA-based biomaterials have gained prominence in regenerative medicine as promis-
ing agents for promoting reparative processes and facilitating tissue function restoration
because of their high biocompatibility and capacity for structured three-dimensional matrix
formation. This versatility highlights the critical role of HA in both aesthetic and clinical
contexts of contemporary medical practice [71].
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A decrease in HA content within the ECM, coupled with diminished hydrophilicity,
results in compromised skin hydration, reduced elasticity, and disruption of tissue microar-
chitecture, ultimately contributing to dryness and cutaneous laxity. Accordingly, most
antiaging therapeutic strategies are directed toward mitigating these alterations [72].

The efficacy of HA-based products in addressing age-associated changes has been
demonstrated in multiple clinical and experimental studies. The formulations investi-
gated include various delivery systems, such as serum [73,74], creams [54,75], dermal
fillers [76,77], subdermal fillers [78], gels [79,80], and thread-based systems [81,82].

Biorevitalization via both single-component and combined HA-based formulations
is a well-established mesotherapeutic approach for correcting age-related skin changes
by restoring the ECM structure and creating favorable conditions for optimizing skin cell
metabolism. However, it is insufficient to address age-related loss of facial soft tissue vol-
ume on its own and must be integrated with other antiaging strategies for comprehensive
results. In this context, dermal fillers based on stabilized (cross-linked) HA have been a
cornerstone of aesthetic medicine for decades because of their effectiveness in restoring
volume in areas affected by wrinkles, folds, lipodystrophy, and localized skin defects
resulting from surgical interventions or traumatic injuries—conditions classified as “tissue
loss” states [72].

Ten years ago, the primary application of HA-based dermal fillers was the localized
correction of age-related changes in facial skin, primarily through the smoothing of linear
wrinkles and folds. However, in recent years, aesthetic medicine has undergone a distinct
shift from isolated injections to more comprehensive three-dimensional facial contouring
strategies involving the simultaneous treatment of multiple anatomical areas. Modern
techniques involve the injection of fillers into deeper layers of soft tissue, resulting in
marked and durable aesthetic outcomes [83,84].

In parallel with the development of volumetric injection techniques, promising find-
ings regarding the use of HA in the form of thread-based systems have been reported in
the scientific literature [81]. In vivo studies have confirmed the effectiveness of pure HA
threads, demonstrating their ability to induce neocollagenesis with a minimal inflammatory
response. Moreover, compared with traditionally utilized resorbable threads based on
PDO, HA threads presented higher expression levels of type III collagen and a statistically
significant increase in transforming growth factor beta-1 (TGF-f31), surpassing the levels
observed with standard HA fillers [82].

Despite the wide variety of available HA formulations, detailing their individual
advantages and limitations is beyond the scope of this work. Nevertheless, it is important
to emphasize that, to date, none of the existing cosmetic modifications of HA fully meet
all aesthetic requirements. Since no single treatment approach can safely and effectively
address age-related changes across all anatomical areas of the face, consensus guidelines for
facial rejuvenation have been developed within the professional community. These stud-
ies recommend an integrated, multitechnique approach, individualized according to the
morphological and functional characteristics of each facial area. This strategy significantly
enhances both the safety and overall effectiveness of aesthetic interventions [85].

Aesthetic medicine currently shows a consistent trend toward integrating both surgical
and nonsurgical methods to restore a youthful and harmonious appearance. Within this
consensus approach, particular emphasis is placed on the combined use of HA-based
dermal fillers and thread lifting as key nonsurgical strategies for addressing age-related
changes [86]. Fillers containing stabilized HA demonstrate high clinical efficacy by enabling
facial contouring, minimizing wrinkles, increasing skin hydration, and compensating for
soft tissue volume loss [72,87]. In contrast, thread lifting involves inserting threads into the
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subcutaneous layers to mechanically elevate tissues and redefine facial contours [88] while
also stimulating neocollagenesis to increase skin firmness and elasticity [13].

Given the complementary advantages of these techniques, clinical protocols that
integrate their combined use have been developed in aesthetic medicine. The integration
of HA-based fillers and thread lifting enables more precise customization of corrective
procedures to the patient’s individual anatomical and age-related characteristics. However,
despite considerable clinical interest, published data on this topic remain limited: currently,
only a small number of scientific publications and clinical reports are available that provide
a detailed analysis of the outcomes associated with this approach [85,86,89-94].

Notably, the aesthetic effect achieved with HA-based dermal fillers is temporary and
necessitates regular maintenance injections [95]. These interventions, along with thread
lifting, constitute additional invasive procedures, which, in certain cases, may raise concerns
regarding the rationality and justification of such an approach.

Within the framework of the described synergistic approach, a third generation of
thread implants has been developed, characterized by the integration of biodegradable
polymer fibers with active biological agents, particularly HA. This combination not only
preserves the traditional role of threads as a fixation framework but also exerts a biorevital-
izing effect on the skin, making these systems particularly promising for comprehensive
skin rejuvenation strategies.

Modern P(LA /CL)-based thread implants modified with HA represent a novel solu-
tion in the field of minimally invasive aesthetic correction, combining mechanical lifting
with biorevitalization. Owing to the synergistic combination of structural support and der-
mal remodeling, these threads demonstrate a comprehensive therapeutic effect, targeting
both facial contour correction and improving the morphological and functional condition
of the skin [17,47].

The integration of HA contributes not only to increasing effects through additional
tissue tension and moisture fixation but also to stimulating cellular activity, including
fibroblast proliferation and the synthesis of ECM components. This results in gradual
dermal remodeling, improving the skin texture, hydration, and elasticity during the post-
procedure period [96,97].

Clinical evidence indicates that incorporating HA into thread systems enhances repar-
ative processes, reduces inflammation, and shortens recovery time, thereby improving
patient satisfaction and expanding outpatient applications [98,99]. P(LA/CL)-HA threads
represent a significant advancement in minimally invasive rejuvenation by combining
mechanical lifting with biorevitalization, resulting in both immediate contouring and sus-
tained skin regeneration [17,47]. Reflecting broader trends in aesthetic medicine, thread
technologies have shifted from purely mechanical tools to multifunctional systems that
support long-term dermal remodeling. Central to this evolution is the integration of
biodegradable polymers with medium- and HMW-HA, which play key roles in tissue
hydration, fibroblast stimulation, and ECM stabilization.

From a scientific and technological perspective, a promising direction for the further
development of thread implants is the improvement of the gradual release of biorevitalizing
agents. Particular attention in this context should focus on two main objectives: first,
minimizing the issue of “burst release,” which refers to the premature and excessive release
of HA from the thread surface; second, developing a system for the prolonged release of
HA, aligned with the biodegradation kinetics of the polymer matrix.

Methods to protect non-cross-linked HA, an endogenous polysaccharide physiologi-
cally identical to components of the human ECM, have attracted particular attention. In its
native form, HA has high solubility, low viscosity, insufficient mechanical strength, and
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rapid biodegradation in vivo, all of which significantly limit its practical application in
various biomedical fields [100].

To enhance the functional properties of HA, such as viscosity, mechanical strength,
resistance to enzymatic degradation, and biological activity, various approaches to its
chemical modification and cross-linking via different chemical agents have been devel-
oped [101,102]. As a result, since the mid-1990s, the chemically stabilized form of HA has
gained widespread use in aesthetic medicine as a base material for dermal fillers intended
for the correction of age-related skin changes [103]. Today, cross-linked HA occupies a
substantial share of the injectable aesthetic medicine market [102].

The use of stabilized HA in dermal fillers is considered justified, as the non-cross-
linked form is characterized by low viscosity, limited mechanical stability, and rapid
clearance from the injection site within a few days. This is due to the extremely short
residence time of native HA molecules in the skin, where they undergo rapid degradation
under the influence of endogenous factors, such as hyaluronidase and reactive oxygen
species. These agents initiate fragmentation of the polymer chains, significantly accelerating
the biodegradation of HA. On average, the half-life of non-cross-linked HA in tissues is
approximately 1-2 days, after which the molecules disperse into the aqueous phase and
subsequently undergo enzymatic cleavage in the liver, resulting in the formation of final
metabolic products—water and carbon dioxide [100].

However, despite the superior mechanical and biological properties of cross-linked
HA, concerns have been raised regarding the presence of chemical cross-linking agents,
which may exhibit cytotoxic effects depending on their chemical nature [104-106]. In this
context, to achieve a pronounced biorevitalizing effect, the use of non-cross-linked HA
is preferable, provided that an effective delivery system, such as nano- or microsphere
encapsulation or hydrogel matrices, is in place to protect the molecules from premature
enzymatic degradation and prolong their activity in tissues.

Modifying technological approaches to the production of next-generation thread
implants, considering these aspects, would help achieve a consistent remodeling effect
over time, contributing to a gradual and sustained improvement in the morphological and
functional characteristics of the skin.

Although HA-coated threads exhibit exceptional biocompatibility and regenerative ca-
pabilities, their development has historically been constrained by several technical barriers.
These include their inherent susceptibility to rapid enzymatic degradation, the challenge of
preserving sufficient tensile strength, and limitations in scalable manufacturing processes.
Consequently, the clinical application of HA-based threads has remained limited despite
their significant therapeutic potential.

Since 2019, however, APTOS LLC has initiated a focused and collaborative research
and development program aimed at overcoming these limitations. In partnership with spe-
cialized laboratories, including those with expertise in electromechanical engineering, the
company has successfully established dedicated manufacturing infrastructure—comprising
precision-engineered equipment, fully equipped laboratories, and certified cleanroom
environments—to facilitate the production of advanced HA-coated thread systems.

Through a rigorously scientific and engineering-led approach, APTOS LLC has
achieved the industrial-scale manufacture of HA-coated threads that demonstrate con-
sistent mechanical stability. These threads exhibit tensile properties on par with those of
conventional uncoated copolymer sutures, such as reference suture 2/0, thereby meeting
essential performance benchmarks for clinical use. Production capacity has expanded
substantially, with several thousand units now being produced monthly across facilities
located in Russia and Georgia.
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Nonetheless, regulatory compliance—particularly in terms of securing international
certifications such as CE marking and FDA approval—continues to pose significant chal-
lenges. The CE approval process is currently in progress. Importantly, the limited global
availability of HA-based threads is not indicative of insufficient demand but rather reflects
the sophisticated technological requirements necessary for their reliable development and
mass production.

To date, APTOS LLC remains the sole company to have successfully translated this
complex biotechnological innovation into a reproducible, industrial-scale product, setting
a precedent in the field of bioresorbable thread technologies, especially in the case of
P(LA/CL)-based thread implants.

One such approach is the encapsulation of HA via the NAMICA method, which was
developed by APTOS LLC and protected by Russian Federation Patent Ne RU2782112C2,
dated 21 October 2022 [107].

The abbreviation NAMICA (NAno-Mlcro-CApsule) is based on a multiscale encapsu-
lation principle, in which sodium hyaluronate (SH) is encapsulated within a copolymer
shell either as microparticles (>1 pum) or as nanoparticles (<0.1 pm), enabling flexible
control over the release kinetics of the active substance. The basic structural unit of this
technology consists of a copolymer of PLLA and D-lactide (PDLA) in a 1:1 ratio, combined
with non-cross-linked SH of medium molecular weight [108,109].

The coating formation process begins by mixing 2 wt% SH with 98 wt% isopropyl
alcohol. This is followed by the addition of an organic solvent and a copolymer, after which
a microfiber coating is applied to the surface of the threads by electrospinning for 60 s. As
a result, a stable polymer matrix with polysaccharide particles encapsulated within it is
formed [108].

The choice between micro- or nanoscale HA capsules depends on the initial stage of
HA preparation: either microgranulation followed by application (P(LA /CL)-HA-micro)
or modification and dissolution in organic solvents to obtain a nanofraction (P(LA /CL)-
HA-nano).

A key factor in this context is the potential for prolonged release of HA, which is
achieved through the gradual degradation of the polymer shell. High-performance liquid
chromatography (HPLC) performed under phosphate-buffered saline (PBS) conditions at
physiological pH (7.4) enables precise monitoring of the substance release kinetics and
modeling of the drug’s pharmacodynamic parameters in vitro [108,109].

Preclinical morphological investigations provide compelling evidence supporting
the regenerative potential of bioactive thread implants composed of P(LA/CL) copoly-
mers functionalized with HA. Early in vivo studies demonstrated a favorable biological
response, marked by the initiation of reparative pathways and remodeling of the ECM in
the treated tissue environment. These findings underscore the biorevitalizing properties
of HA-encapsulated threads and emphasize the critical role of sustained HA release in
mediating long-term dermal regeneration [108,109].

To build upon these initial observations, further in-depth preclinical analyses are
warranted. Future research should employ advanced investigative modalities, including
immunohistochemical assays, ultrastructural imaging techniques, and molecular and ge-
nomic profiling of ECM remodeling biomarkers. Proteomic analysis may further elucidate
the complex biological cascades involved. Such a multidimensional approach will facilitate
a more comprehensive understanding of the underlying regenerative mechanisms, offer
mechanistic validation of observed histological outcomes, and establish a stronger scientific
foundation for clinical translation.

The current morphological insights should directly inform the design and refinement
of next-generation thread-based systems, with particular attention given to optimizing
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their physicochemical properties and biofunctional performance. One promising direction
involves the engineering of dual-delivery thread platforms capable of incorporating both
microencapsulated HA and nanoencapsulated HA. This combined strategy has the poten-
tial to enhance the therapeutic efficacy of the implant by leveraging the complementary
advantages of each delivery format while mitigating their individual limitations.

Despite the encouraging nature of these preliminary findings, the limitations of cur-
rent experimental models and the absence of clinical validation must be acknowledged.
Accordingly, these results should be regarded as a foundation for the development of
rigorously designed human trials aimed at evaluating the safety, clinical effectiveness, and
long-term outcomes of HA-functionalized thread implants in aesthetic dermatology.

4. Conclusions

Facial aging is a complex, multifactorial biological process involving progressive
structural, biochemical, and cellular changes across both the cutaneous and subcutaneous
tissue layers.

In parallel with advancing insights into the anatomical and molecular basis of facial
aging, thread lifting technologies have undergone substantial innovation. These devices
have transitioned from rudimentary mechanical lifting tools to multifunctional platforms
capable of exerting both structural and regenerative effects. Thread implants composed
of P(LA/CL) copolymers functionalized with HA are of particular clinical interest. These
hybrid materials offer dual benefits: immediate biomechanical support and prolonged
stimulation of dermal remodeling. Notably, the incorporation of controlled-release delivery
systems, such as the NAMICA platform, represents a critical milestone, enabling sustained
HA bioavailability and improved tissue integration.

Preclinical studies have provided robust evidence for the regenerative potential of
these advanced thread systems. Initial in vivo data highlight favorable histological out-
comes, including enhanced neocollagenesis and ECM reorganization, underscoring their
biostimulatory efficacy. However, despite encouraging experimental findings, the transla-
tional value of these approaches is presently limited by the lack of long-term clinical trials
and the intrinsic limitations of animal models. To validate the therapeutic efficacy and
safety of HA-integrated threads, future research must prioritize well-designed human stud-
ies employing comprehensive, multilayered methodologies, such as immunohistochemical
profiling, ultrastructural imaging, and proteogenomic analyses.

In summary, the integration of HA into biodegradable thread matrices represents a
paradigm shift in the field of aesthetic dermatology. By uniting immediate mechanical lift-
ing with sustained dermal regeneration, these next-generation implants offer a promising,
minimally invasive strategy for facial rejuvenation. As this technology continues to evolve,
it may play a pivotal role in the development of individualized, biomimetic interventions
for age-related skin restoration.

Author Contributions: P.B. wrote the first draft; .M. helped with bibliographical analysis; all authors
wrote the final version. All authors have read and agreed to the published version of the manuscript.
Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.

Conflicts of Interest: The authors declare no conflicts of interest.



Cosmetics 2025, 12, 127 15 of 19

References

1.  Borzykh, O.B. Predictors of Skin Aging and the System of Comprehensive Correction of Involutive Skin Changes. D.Sc. Thesis,
Peoples’ Friendship University of Russia named after Patrice Lumumba, Moscow, Russia, 27 February 2024. (In Russian).

2. Goodman, G.J. Lasers and Lights. In Facial Rejuvenation: A Total Approach; Goldberg, D.J., Ed.; Springer International Publishing:
Berlin, Germany, 2007; pp. 1-48.

3.  Gold, M. Photodynamic Photorejuvenation. In Facial Rejuvenation: A Total Approach; Goldberg, D.J., Ed.; Springer International
Publishing: Berlin, Germany, 2007; pp. 49-70.

4. Weiss, R.A. LED Low-Level Light Therapy. In Facial Rejuvenation: A Total Approach; Goldberg, D.J., Ed.; Springer International
Publishing: Berlin, Germany, 2007; pp. 71-78.

5. Jones, D. Dermal Fillers. In Facial Rejuvenation: A Total Approach; Goldberg, D.J., Ed.; Springer International Publishing: Berlin,
Germany, 2007; pp. 105-123.

6. Campbell, RM.; Monheit, G.D. Chemical Peeling. In Facial Rejuvenation: A Total Approach; Goldberg, D.J., Ed.; Springer
International Publishing: Berlin, Germany, 2007; pp. 125-146.

7. Rotunda, A.M. Mesotherapy and Injectable Lipolysis. In Facial Rejuvenation: A Total Approach; Goldberg, D.]., Ed.; Springer
International Publishing: Berlin, Germany, 2007; pp. 147-165.

8.  Samizadeh, S. (Ed.) Thread Types and Materials. In Thread Lifting Techniques for Facial Rejuvenation and Recontouring; Springer
International Publishing: Cham, Germany, 2024; pp. 179-198.

9. Chu, C.C. 10—Types and Properties of Surgical Sutures. In Biotextiles as Medical Implants; King, M.W., Gupta, B.S., Guidoin, R,,
Eds.; Woodhead Publishing: Philadelphia, PA, USA, 2013; pp. 231-273.

10. Kubaeva, A.S.; Batkaev, E.A.; Astashev, V.V. Polydioxanone Filaments in Combination with Preparations Based on Polynucleotides
for the Prevention and Correction of Involutive Changes in Facial Tissues. Literature Review. Post-Qualif. Med. Educ. Her. 2022,
2,39-44. (In Russian)

11.  Gruzdev, D.A.; Kodyakov, A.A.; Fedorov, PG. A New Approach to the Classification of Threads for Facial and Neck Skin
Rejuvenation. J. New Med. Technol. 2014, 21, 104-109. (In Russian)

12.  Borzykh, O.B.; Karpova, E.I.; Shnayder, N.A.; Demina, O.M. Contemporary View on Thread Lifting: Histological and Anatomical
Approaches. Russ. Open Med. |. 2022, 11, e0107. [CrossRef]

13.  Fukaya, M. Two Mechanisms of Rejuvenation Using Thread Lifting. Plast. Reconstr. Surg. Glob. Open 2018, 6, €2068. [CrossRef]

14. Fukaya, M. Long-Term Effect of the Insoluble Thread-Lifting Technique. Clin. Cosmet. Investig. Dermatol. 2017, 10, 483-491.
[CrossRef]

15. Al-Mubarak, L.; Al-Haddab, M. Cutaneous Wound Closure Materials: An Overview and Update. |. Cutan. Aesthet. Surg. 2013,
6,178-188. [CrossRef] [PubMed]

16. Razumov, M.; Gornukhina, O.; Golubchikov, O.; Vershinina, I.; Vashurin, A. Polypropylene Suture Material with Anti-
Inflammatory Action. Iran. Polym. |. 2018, 27, 629-634. [CrossRef]

17. Samizadeh, S.; Sulamanidze, G.; Albina, K.; Sulamanidze, K.; Sulamanidze, M. P(LA /CL)-1-Polylactide-~-Caprolactone Threads—
APTOS Threads: APTOS Solution-APTOS Methods and Threads. In Thread Lifting Techniques for Facial Rejuvenation and Recontour-
ing; Samizadeh, S., Ed.; Springer International Publishing: Cham, Germany, 2024; pp. 223-235.

18. Sapountzis, S.; Nikkhah, D.; Kim, J.H.; Seo, ].D. Novel Polypropylene Barbed Threads for Midface Lift-“REEBORN Lifting”. Plast.
Reconstr. Surg. Glob. Open 2014, 2, €250. [CrossRef]

19. Wanitphakdeedecha, R.; Yan, C.; Ng, ].N.C.; Fundaro, S. Absorbable Barbed Threads for Lower Facial Soft-Tissue Repositioning
in Asians. Dermatol. Ther. 2021, 11, 1395-1408. [CrossRef]

20. Park, T.H.; Park, H.J.; Whang, K.W. Functional Vaginal Rejuvenation with Elastic Silicone Threads: A 4-Year Experience with 180
Patients. . Plast. Surg. Hand Surg. 2015, 49, 36-39. [CrossRef]

21. Cao, L; Qiu, H; Yu, D.; Shuo, L.; Wang, H. Comparison of Different Thread Products for Facial Rejuvenation: Materials and Barb
Designs. |. Cosmet. Dermatol. 2023, 22, 1988-1994. [CrossRef] [PubMed]

22. Hong, G.-W,; Kim, S.-B.; Park, S.Y.; Wan, J.; Yi, K.-H. Thread Lifting Materials: A Review of Its Difference in Terms of Technical
and Mechanical Perspective. Clin. Cosmet. Investig. Dermatol. 2024, 17, 999-1006. [CrossRef]

23. Cobo, R. Use of Polydioxanone Threads as an Alternative in Nonsurgical Procedures in Facial Rejuvenation. Facial Plast. Surg.
2020, 36, 447-452. [CrossRef] [PubMed]

24. Suh, D.H;Jang, HW.; Lee, S.J.; Lee, W.S.; Ryu, H.J. Outcomes of Polydioxanone Knotless Thread Lifting for Facial Rejuvenation.
Dermatol. Surg. 2015, 41, 720-725. [CrossRef]

25. Samizadeh, S. (Ed.) Polydioxanone (PDO) Threads. In Thread Lifting Techniques for Facial Rejuvenation and Recontouring; Springer
International Publishing: Cham, Germany, 2024; pp. 199-209.

26. Suarez-Vega, D.V,; de Maldonado, G.J.V,; Ortiz, R.L.; Garcia-Guevara, V.J.; Miller-Kobisher, B. In Vitro Degradation of Polydiox-

anone Lifting Threads in Hyaluronic Acid. J. Cutan. Aesthet. Surg. 2019, 12, 145-148. [CrossRef]


https://doi.org/10.15275/rusomj.2022.0107
https://doi.org/10.1097/GOX.0000000000002068
https://doi.org/10.2147/CCID.S150738
https://doi.org/10.4103/0974-2077.123395
https://www.ncbi.nlm.nih.gov/pubmed/24470712
https://doi.org/10.1007/s13726-018-0639-0
https://doi.org/10.1097/GOX.0000000000000211
https://doi.org/10.1007/s13555-021-00569-x
https://doi.org/10.3109/2000656X.2014.944187
https://doi.org/10.1111/jocd.15691
https://www.ncbi.nlm.nih.gov/pubmed/36994594
https://doi.org/10.2147/CCID.S457352
https://doi.org/10.1055/s-0040-1714266
https://www.ncbi.nlm.nih.gov/pubmed/32866981
https://doi.org/10.1097/DSS.0000000000000368
https://doi.org/10.4103/JCAS.JCAS_150_18

Cosmetics 2025, 12, 127 16 of 19

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Tavares, ].P; Oliveira, C.A.C.P; Torres, R.P.; Bahmad, F,, Jr. Facial Thread Lifting with Suture Suspension. Braz. ]. Otorhinolaryngol.
2017, 83, 712-719. [CrossRef]

Fundaro, S.P.; Goh, C.L.; Hau, K.C.; Moon, H.; Lao, P.P; Salti, G. Expert Consensus on Soft-Tissue Repositioning Using Absorbable
Barbed Suspension Double-Needle Threads in Asian and Caucasian Patients. J. Cutan. Aesthet. Surg. 2021, 14, 1-13. [CrossRef]
Amuso, D.; Amore, R;; Iorio, E.L.; Dolcemascolo, R.; Reggiani, L.B.; Leonardi, V. Histological Evaluation of a Biorevitalisation
Treatment with PDO Wires. Aesthetic Med. 2015, 1, 111-117.

Karimi, K.; Reivitis, A. Lifting the Lower Face With an Absorbable Polydioxanone (PDO) Thread. |. Drugs Dermatol. 2017,
16,932-934.

Lewandowska, K.; Staniszewska, I.; Baran, M.; Turczynowicz, M.; Retman, P. Complications after Polydioxanone Threads (PDO)
for Facial Lifting—A Literature Review. J. Educ. Heal. Sport. 2024, 66, 50072. [CrossRef]

Samizadeh, S.; Hong, K. Poly-l-Lactic Acid Cone Threads: Silhouette Soft Threads. In Thread Lifting Techniques for Facial
Rejuvenation and Recontouring; Samizadeh, S., Ed.; Springer International Publishing: Cham, Germany, 2024; pp. 315-330.
Bobel, A.C.; Lohfeld, S.; Shirazi, R.N.; McHugh, PE. Experimental Mechanical Testing of Poly (I-Lactide) (PLLA) to Facilitate
Pre-Degradation Characteristics for Application in Cardiovascular Stenting. Polym. Test. 2016, 54, 150-158. [CrossRef]

Nair, L.S.; Laurencin, C.T. Biodegradable Polymers as Biomaterials. Prog. Polym. Sci. 2007, 32, 762-798. [CrossRef]

Lowe, N.J. Optimizing Poly-L-Lactic Acid Use. J. Cosmet. Laser Ther. 2008, 10, 43—46. [CrossRef]

Bohnert, K.; Dorizas, A.; Lorenc, P; Sadick, N.S. Randomized, Controlled, Multicentered, Double-Blind Investigation of Injectable
Poly-L-Lactic Acid for Improving Skin Quality. Dermatol. Surg. 2019, 45, 718-724. [CrossRef]

Nikishin, D.V.; Sulamanidze, G.M.; Kadzhaya, A.A. Histological Examination of the Implantation Area of Lifting Threads Based
on Poly-L-Lactic Acid (PLA) Coated with Hyaluronic Acid (HA) in a Long-Term Experiment (1 Year). Univ. Proc. Volga Reg. Med.
Sci. 2020, 54, 87-98. (In Russian) [CrossRef]

Wong, V.; Rafiq, N.; Kalyan, R.; Hsenriksen, A.; Funner, R. Hanging by a Thread: Choosing the Right Thread for the Right Patient.
J. Dermat. Cosmetol. 2017, 1, 86-88. [CrossRef]

Cho, S.W,; Shin, B.H.; Heo, C.Y.; Shim, ].H. Efficacy Study of the New Polycaprolactone Thread Compared with Other Commer-
cialized Threads in a Murine Model. J. Cosmet. Dermatol. 2021, 20, 2743-2749. [CrossRef]

Ha, Y.I; Kim, ].H.; Park, E.S. Histological and Molecular Biological Analysis on the Reaction of Absorbable Thread; Polydioxanone
and Polycaprolactone in Rat Model. J. Cosmet. Dermatol. 2022, 21, 2774-2782. [CrossRef] [PubMed]

Agarwal, B.; Mishra, P. Thread Lift in Aesthetic and Regenerative Gynecology. In Aesthetic and Regenerative Gynecology; Jindal, P,
Malhotra, N., Joshi, S., Eds.; Springer: Singapore, 2022; pp. 153-163.

Soen, M.; Hidayat, M.; Widowati, W. Enhancing Dermal Collagen Density towards Youthfulness: A Comparative Study of PCL,
PLLA, and PDO Thread Implantation in Aging Rats Model. Iran. J. Basic. Med. Sci. 2025, 28, 151-157.

Wong, V. The Science of Absorbable Poly(L-Lactide-Co-¢-Caprolactone) Threads for Soft Tissue Repositioning of the Face: An
Evidence-Based Evaluation of Their Physical Properties and Clinical Application. Clin. Cosmet. Investig. Dermatol. 2021, 14, 45-54.
[CrossRef]

Ramot, Y.; Nyska, A.; Markovitz, E.; Dekel, A.; Klaiman, G.; Zada, M.H.; Domb, A.J.; Maronpot, R.R. Long-Term Local and
Systemic Safety of Poly(L-Lactide-Co-Epsilon-Caprolactone) after Subcutaneous and Intra-Articular Implantation in Rats. Toxicol.
Pathol. 2015, 43, 1127-1140. [CrossRef] [PubMed]

Jelonek, K.; Kasperczyk, J.; Li, S.; Dobrzynski, P.; Janeczek, H.; Jarzabek, B. Novel Poly(L-Lactide-Co-e-Caprolactone) Matrices
Obtained with the Use of Zr[Acac]y as Nontoxic Initiator for Long-Term Release of Immunosuppressive Drugs. Biomed. Res. Int.
2013, 2013, 607351. [CrossRef] [PubMed]

Berardesca, E.; Cirillo, P.; Fundaro, S.P.; Hau, K.C.; Moon, H.J.; Salti, G.; Goh, C.L.; Lao, P.P.; Savoia, A.; Coleman, S.R.; et al.
Reshaping with Barbed Threads; Minerva Medica: Torino, Italy, 2020.

Burko, P; Sulamanidze, G.; Nikishin, D. Efficacy of Lifting Threads Composed of Poly(L-Lactide-Co-e-Caprolactone) Copolymers
Coated With Hyaluronic Acid: A Long-Term Study on Biorevitalizing Properties in Skin Remodeling. J. Cosmet. Dermatol. 2025,
24,e70077. [CrossRef] [PubMed]

Karamanos, N.K.; Piperigkou, Z.; Theocharis, A.D.; Watanabe, H.; Franchi, M.; Baud, S.; Brézillon, S.; Gotte, M.; Passi, A.;
Vigetti, D.; et al. Proteoglycan Chemical Diversity Drives Multifunctional Cell Regulation and Therapeutics. Chem. Rev. 2018,
118,9152-9232. [CrossRef]

Manou, D.; Caon, L; Bouris, P; Triantaphyllidou, LE.; Giaroni, C.; Passi, A.; Karamanos, N.K.; Vigetti, D.; Theocharis, A.D. The
Complex Interplay Between Extracellular Matrix and Cells in Tissues. Methods Mol. Biol. 2019, 1952, 1-20.

Hascall, V.; Esko, J. Hyaluronan. In Essentials of Glycobiology; Varki, A., Cummings, R., Esko, J., Al, E., Eds.; Cold Spring Harbor
Laboratory Press: New York, NY, USA, 2009.

Cowman, M.K.; Lee, H.-G.; Schwertfeger, K.L.; McCarthy, ].B.; Turley, E.A. The Content and Size of Hyaluronan in Biological
Fluids and Tissues. Front. Immunol. 2015, 6, 261. [CrossRef]

Petrey, A.C.; de la Motte, C.A. Hyaluronan, a Crucial Regulator of Inflammation. Front. Immunol. 2014, 5, 101. [CrossRef]


https://doi.org/10.1016/j.bjorl.2017.03.015
https://doi.org/10.4103/JCAS.JCAS_138_19
https://doi.org/10.12775/JEHS.2024.66.010
https://doi.org/10.1016/j.polymertesting.2016.07.011
https://doi.org/10.1016/j.progpolymsci.2007.05.017
https://doi.org/10.1080/14764170701840074
https://doi.org/10.1097/DSS.0000000000001772
https://doi.org/10.21685/2072-3032-2020-2-9
https://doi.org/10.15406/jdc.2017.01.00021
https://doi.org/10.1111/jocd.13883
https://doi.org/10.1111/jocd.14587
https://www.ncbi.nlm.nih.gov/pubmed/34847267
https://doi.org/10.2147/CCID.S274160
https://doi.org/10.1177/0192623315600275
https://www.ncbi.nlm.nih.gov/pubmed/26296630
https://doi.org/10.1155/2013/607351
https://www.ncbi.nlm.nih.gov/pubmed/24286081
https://doi.org/10.1111/jocd.70077
https://www.ncbi.nlm.nih.gov/pubmed/40071656
https://doi.org/10.1021/acs.chemrev.8b00354
https://doi.org/10.3389/fimmu.2015.00261
https://doi.org/10.3389/fimmu.2014.00101

Cosmetics 2025, 12, 127 17 of 19

53.

54.

55.

56.

57.

58.
59.

60.

61.

62.

63.

64.

65.

66.

67.

68.
69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

Tavianatou, A.G.; Caon, I; Franchi, M.; Piperigkou, Z.; Galesso, D.; Karamanos, N.K. Hyaluronan: Molecular Size-Dependent
Signaling and Biological Functions in Inflammation and Cancer. FEBS J. 2019, 286, 2883-2908. [CrossRef]

Juncan, A.M.; Moisa, D.G.; Santini, A.; Morgovan, C.; Rus, L.L.; Vonica-Tincu, A.L.; Loghin, F. Advantages of Hyaluronic Acid
and Its Combination with Other Bioactive Ingredients in Cosmeceuticals. Molecules 2021, 26, 4429. [CrossRef]

Sigaeva, N.N.; Kolesov, 5.V.; Nazarov, P.V,; Vildanova, R.R. Chemical Modification of Hyaluronic Acid and Its Application in
Medicine. Vestn. Bashkir Univ. 2012, 17, 1220-1241. (In Russian)

Mikhaylova, N.P.; Bazarny, V.V.; Kochurova, I.V. Immunotropic Effects of Hyaluronic Acid in Dermatology. Mesotherapy 2012,
17,30-36. (In Russian)

Wang, Y.; Maytin, E.V. The Role of Hyaluronan in Skin Wound Healing. In Hyaluronan: Structure, Biology and Biotechnology; Passi,
A., Ed.; Springer International Publishing: Cham, Germany, 2023; pp. 189-204.

Dunphy, ].E. Wound Healing. Surg. Clin. N. Am. 1978, 58, 907-916. [CrossRef] [PubMed]

Shirali, A.C.; Goldstein, D.R. Activation of the Innate Inmune System by the Endogenous Ligand Hyaluronan. Curr. Opin. Organ.
Transpl. 2008, 13, 20-25. [CrossRef] [PubMed]

Tammi, R.; Pasonen-Seppénen, S.; Kolehmainen, E.; Tammi, M. Hyaluronan Synthase Induction and Hyaluronan Accumulation
in Mouse Epidermis Following Skin Injury. J. Investig. Dermatol. 2005, 124, 898-905. [CrossRef] [PubMed]

Monslow, ].; Sato, N.; Mack, J.A.; Maytin, E.V. Wounding-Induced Synthesis of Hyaluronic Acid in Organotypic Epidermal
Cultures Requires the Release of Heparin-Binding EGF and Activation of the EGFR. |. Investig. Dermatol. 2009, 129, 2046-2058.
[CrossRef]

Singleton, P.A.; Mirzapoiazova, T.; Guo, Y.; Sammani, S.; Mambetsariev, N.; Lennon, FE.; Moreno-Vinasco, L.; Garcia, J.G.
High-Molecular-Weight Hyaluronan Is a Novel Inhibitor of Pulmonary Vascular Leakiness. Am. J. Physiol. Lung Cell Mol. Physiol.
2010, 299, L639-L651. [CrossRef]

Aya, K.L.; Stern, R. Hyaluronan in Wound Healing: Rediscovering a Major Player. Wound Repair. Regen. 2014, 22, 579-593.
[CrossRef]

Jiang, D.; Liang, J.; Noble, PW. Hyaluronan as an Immune Regulator in Human Diseases. Physiol. Rev. 2011, 91, 221-264.
[CrossRef]

Jiang, D.; Liang, J.; Fan, J.; Yu, S.; Chen, S.; Luo, Y.; Prestwich, G.D.; Mascarenhas, M.M.; Garg, H.G.; Quinn, D.A; et al. Regulation
of Lung Injury and Repair by Toll-Like Receptors and Hyaluronan. Nat. Med. 2005, 11, 1173-1179. [CrossRef]

Bollyky, P.L.; Bogdani, M.; Bollyky, J.B.; Hull, R.L.; Wight, T.N. The Role of Hyaluronan and the Extracellular Matrix in Islet
Inflammation and Immune Regulation. Curr. Diab Rep. 2012, 12, 471-480. [CrossRef]

Pardue, E.L.; Ibrahim, S.; Ramamurthi, A. Role of Hyaluronan in Angiogenesis and Its Ultility to Angiogenic Tissue Engineering.
Organogenesis 2008, 4, 203-214. [CrossRef] [PubMed]

Enoch, S.; Leaper, D.J. Basic Science of Wound Healing. Surgery 2005, 23, 37—42.

Meyer, L].; Stern, R. Age-Dependent Changes of Hyaluronan in Human Skin. . Investig. Dermatol. 1994, 102, 385-389. [CrossRef]
[PubMed]

Balaji, S.; King, A.; Marsh, E.; LeSaint, M.; Bhattacharya, S.S.; Han, N.; Dhamija, Y.; Ranjan, R.; Le, L.D.; Bollyky, P.L.; et al.
The Role of Interleukin-10 and Hyaluronan in Murine Fetal Fibroblast Function In Vitro: Implications for Recapitulating Fetal
Regenerative Wound Healing. PLoS ONE 2015, 10, e0124302. [CrossRef]

Shang, L.; Li, M.; Xu, A.; Zhuo, F. Recent Applications and Molecular Mechanisms of Hyaluronic Acid in Skin Aging and Wound
Healing. Med. Nov. Technol. Devices 2024, 23, 100320. [CrossRef]

Walker, K.; Basehore, B.M.; Goyal, A.; Zito, PM. Hyaluronic Acid. In StatPearls; StatPearls Publishing: Treasure Island, FL,
USA, 2025.

Raab, S.; Yatskayer, M.; Lynch, S.; Manco, M.; Oresajo, C. Clinical Evaluation of a Multi-Modal Facial Serum That Addresses
Hyaluronic Acid Levels in Skin. J. Drugs Dermatol. 2017, 16, 884-890.

Lee, D.H.; Oh, 1.Y,; Koo, K.T.; Suk, ].M.; Jung, S.W,; Park, J.O.; Kim, B.J.; Choi, YM. Improvement in Skin Wrinkles Using a
Preparation Containing Human Growth Factors and Hyaluronic Acid Serum. J. Cosmet. Laser Ther. 2015, 17, 20-23. [CrossRef]
Pavicic, T.; Gauglitz, G.G.; Lersch, P.; Schwach-Abdellaoui, K.; Malle, B.; Korting, H.C.; Farwick, M. Efficacy of Cream-Based
Novel Formulations of Hyaluronic Acid of Different Molecular Weights in Anti-Wrinkle Treatment. J. Drugs Dermatol. 2011,
10, 990-1000. [PubMed]

Fanian, F,; Deutsch, ].-J.; Bousquet, M.T; Boisnic, S.; Andre, P.; Catoni, I; Beilin, G.; Lemmel, C.; Taieb, M.; Gomel-Toledano,
M.; et al. A Hyaluronic Acid-Based Micro-Filler Improves Superficial Wrinkles and Skin Quality: A Randomized Prospective
Controlled Multicenter Study. J. Dermatol. Treat. 2023, 34, 2216323. [CrossRef]

Fundaro, S.P; Salti, G.; Malgapo, D.M.H.; Innocenti, S. The Rheology and Physicochemical Characteristics of Hyaluronic Acid
Fillers: Their Clinical Implications. Int. ]. Mol. Sci. 2022, 23, 10518. [CrossRef]

Raspaldo, H. Volumizing Effect of a New Hyaluronic Acid Sub-Dermal Facial Filler: A Retrospective Analysis Based on 102
Cases. J. Cosmet. Laser Ther. 2008, 10, 134-142. [CrossRef] [PubMed]


https://doi.org/10.1111/febs.14777
https://doi.org/10.3390/molecules26154429
https://doi.org/10.1016/S0039-6109(16)41631-2
https://www.ncbi.nlm.nih.gov/pubmed/364695
https://doi.org/10.1097/MOT.0b013e3282f3df04
https://www.ncbi.nlm.nih.gov/pubmed/18660702
https://doi.org/10.1111/j.0022-202X.2005.23697.x
https://www.ncbi.nlm.nih.gov/pubmed/15854028
https://doi.org/10.1038/jid.2009.9
https://doi.org/10.1152/ajplung.00405.2009
https://doi.org/10.1111/wrr.12214
https://doi.org/10.1152/physrev.00052.2009
https://doi.org/10.1038/nm1315
https://doi.org/10.1007/s11892-012-0297-0
https://doi.org/10.4161/org.4.4.6926
https://www.ncbi.nlm.nih.gov/pubmed/19337400
https://doi.org/10.1111/1523-1747.ep12371800
https://www.ncbi.nlm.nih.gov/pubmed/8120424
https://doi.org/10.1371/journal.pone.0124302
https://doi.org/10.1016/j.medntd.2024.100320
https://doi.org/10.3109/14764172.2014.968577
https://www.ncbi.nlm.nih.gov/pubmed/22052267
https://doi.org/10.1080/09546634.2023.2216323
https://doi.org/10.3390/ijms231810518
https://doi.org/10.1080/14764170802154607
https://www.ncbi.nlm.nih.gov/pubmed/18788032

Cosmetics 2025, 12, 127 18 of 19

79.

80.

81.

82.

83.

84.
85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.
97.

98.

99.

100.
101.

102.

103.
104.

Morley, AM.S.; Malhotra, R. Use of Hyaluronic Acid Filler for Tear-Trough Rejuvenation as an Alternative to Lower Eyelid
Surgery. Ophthal Plast. Reconstr. Surg. 2011, 27, 69-73. [CrossRef] [PubMed]

Berguiga, M.; Galatoire, O. Tear Trough Rejuvenation: A Safety Evaluation of the Treatment by a Semi-Cross-Linked Hyaluronic
Acid Filler. Orbit 2017, 36, 22-26. [CrossRef]

Gurtner, G.C.; Horne, K.N.; Rajadas, J. Threads of Hyaluronic Acid and/or Derivatives Thereof, Methods of Making Thereof and
Uses Thereof. U.S. Patent Ne 9,861,570, 9 January 2018.

Kim, ]J.-H.; Han, M.W,; Lee, M.-H.; Kweon, D.-K.; Park, Y.J.; Heo, C.Y. Comparative In Vivo Study of Solid-Type Pure Hyaluronic
Acid in Thread Form: Safety and Efficacy Compared to Hyaluronic Acid Filler and Polydioxanone Threads. Aesthetic Plast. Surg.
2024, 48, 221-227. [CrossRef]

Casabona, G. Dermatologist Have Now Developed a 3 Dimensional View of Facial Changes While Aging. Dermatol. Surg. 2015,
41, 841-847. [CrossRef] [PubMed]

Salti, G.; Rauso, R. Facial Rejuvenation with Fillers: The Dual Plane Technique. J. Cutan. Aesthet. Surg. 2015, 8, 127-133. [CrossRef]
Moon, H.; Fundaro, S.P.; Goh, C.L.; Hau, K.C.; Paz-Lao, P,; Salti, G. A Review on the Combined Use of Soft Tissue Filler,
Suspension Threads, and Botulinum Toxin for Facial Rejuvenation. . Cutan. Aesthet. Surg. 2021, 14, 147-155. [CrossRef]

Liao, K.L.; Liao, K.H. Study and Analysis of the Clinical Effects and Maintenance Duration of Facial Rejuvenation Treatment in
Middle-Aged and Elderly Individuals through the Combined Use of Facial Hyaluronic Acid Fillers and PPDO Thread Lift. Altern.
Ther. Health Med. 2024, 19, AT10596.

Urdiales-Gélvez, E; Martin-Sanchez, S.; Maiz-Jiménez, M.; Castellano-Miralla, A.; Lionetti-Leone, L. Concomitant Use of
Hyaluronic Acid and Laser in Facial Rejuvenation. Aesthetic Plast. Surg. 2019, 43, 1061-1070. [CrossRef]

Bhatnagar, A.; Rai, R.; Kumar, S.; Mitra, B.; Chopra, A.; Singh, G.K.; Mitra, D.; Patil, C.; Sandhu, S. Safety and Efficacy of Restoring
Facial Symmetry Using Polydioxanone Thread Face Lift Technique in Patients with Facial Palsy. J. Clin. Aesthet. Dermatol. 2022,
15,26-29.

Goel, A.; Rai, K. Non-Surgical Facelift-by PDO Threads and Dermal Filler: A Case Report. J. Cosmet. Dermatol. 2022, 21, 4241-4244.
[CrossRef] [PubMed]

Yi, K.-H.; Kim, S.-B.; Hu, H.; Bae, H.; Park, H.-].; Yoon, J.-H.; Kim, H.-J. Self-Crossing Hyaluronic Acid Filler with Combination
Use of Polydioxanone Thread in Minipig Model. J. Cosmet. Dermatol. 2024, 23, 2821-2828. [CrossRef]

Wan, J.; Chan, LK.W,; Lee, KW.A; Cartier, H.; Yi, K.H. Volumizing Threads and Hyaluronic Acid Filler for Lip Augmentation.
Skin. Res. Technol. 2024, 30, €13797. [CrossRef] [PubMed]

Jung, G.S. Minimally Invasive Rhinoplasty Technique Using a Hyaluronic Acid Filler and Polydioxanone Threads: An Effective
Combination. Facial Plast. Surg. 2019, 35, 109-110. [CrossRef] [PubMed]

Hong, G.W,; Yi, K.H. Integration of Liposuction, Fat Transplantation, and Filler Treatments with Thread Lifting in Managing
Facial Aesthetics. Skin. Res. Technol. 2024, 30, €13767. [CrossRef]

Kang, S.H.; Moon, S.H.; Kim, H.S. Nonsurgical Rhinoplasty with Polydioxanone Threads and Fillers. Dermatol. Surg. 2020,
46, 664—670. [CrossRef]

Li, K.;; Meng, F; Li, Y.R.; Tian, Y.; Chen, H.; Jia, Q.; Cai, H.; Jiang, H.B. Application of Nonsurgical Modalities in Improving Facial
Aging. Int. ]. Dent. 2022, 2022, 8332631. [CrossRef]

Girgin, A. The Effectiveness of PLLA /PCL Aptos Thread on Skin Quality. Aesthet. Med. 2019, 5, 25.

Avelar, L.E.; Cazerta, C.E. The Improvement of the Skin Quality with the Use of PLLA. J. Dermat. Cosmetol. 2018, 2, 101-102.
[CrossRef]

Irina, P; Albina, K. Single-Blind Comparative Study of the Aesthetic Outcome of Armouring Procedures with PLLA /PCL-and
HA-Enriched Absorbable Threads. Trichology Cosmetol. Open J. 2019, 3, 15-20. [CrossRef]

Nikishin, D.V.; Sulamanidze, G.M.; Kajaia, A.A. Effectiveness of Using Poly Lactide and Caprolactone Acid with Hyaluronic Acid
Material. Adv. Plast. Reconstr. Surg. 2019, 3, 274-284.

Tezel, A.; Fredrickson, G.H. The Science of Hyaluronic Acid Dermal Fillers. ]. Cosmet. Laser Ther. 2008, 10, 35-42. [CrossRef]
Khunmanee, S.; Jeong, Y.; Park, H. Crosslinking Method of Hyaluronic-Based Hydrogel for Biomedical Applications. J. Tissue
Eng. 2017, 8, 2041731417726464. [CrossRef]

Wang, F; Garza, L.A.; Kang, S.; Varani, J.; Orringer, ].S.; Fisher, G.J.; Voorhees, J.J. In Vivo Stimulation of de Novo Collagen
Production Caused by Cross-Linked Hyaluronic Acid Dermal Filler Injections in Photodamaged Human Skin. Arch. Dermatol.
2007, 143, 155-163. [CrossRef]

Khabarov, V.N. Hyaluronic Acid in Injection Cosmetology; GEOTAR-Media: Moscow, Russia, 2017. (In Russian)

Jeong, C.H.; Kim, D.H.; Yune, ].H.; Kwon, H.C.; Shin, D.-M.; Sohn, H.; Lee, K.H.; Choi, B.; Kim, E.S.; Kang, ] H.; et al. In Vitro
Toxicity Assessment of Crosslinking Agents Used in Hyaluronic Acid Dermal Filler. Toxicol. Vitr. 2021, 70, 105034. [CrossRef]
[PubMed]


https://doi.org/10.1097/IOP.0b013e3181b80f93
https://www.ncbi.nlm.nih.gov/pubmed/20551859
https://doi.org/10.1080/01676830.2017.1279641
https://doi.org/10.1007/s00266-023-03614-6
https://doi.org/10.1097/DSS.0000000000000395
https://www.ncbi.nlm.nih.gov/pubmed/26079591
https://doi.org/10.4103/0974-2077.167264
https://doi.org/10.4103/JCAS.JCAS_119_20
https://doi.org/10.1007/s00266-019-01393-7
https://doi.org/10.1111/jocd.14921
https://www.ncbi.nlm.nih.gov/pubmed/35298863
https://doi.org/10.1111/jocd.16338
https://doi.org/10.1111/srt.13797
https://www.ncbi.nlm.nih.gov/pubmed/38887137
https://doi.org/10.1055/s-0039-1677719
https://www.ncbi.nlm.nih.gov/pubmed/30759462
https://doi.org/10.1111/srt.13767
https://doi.org/10.1097/DSS.0000000000002146
https://doi.org/10.1155/2022/8332631
https://doi.org/10.15406/jdc.2018.02.00052
https://doi.org/10.17140/TCOJ-3-113
https://doi.org/10.1080/14764170701774901
https://doi.org/10.1177/2041731417726464
https://doi.org/10.1001/archderm.143.2.155
https://doi.org/10.1016/j.tiv.2020.105034
https://www.ncbi.nlm.nih.gov/pubmed/33096205

Cosmetics 2025, 12, 127 19 of 19

105.

106.

107.

108.

109.

Kim, D.H,; Jeong, C.H.; Han, ].H.; Lim, S.J.; Kwon, H.C.; Kim, Y.J.; Keum, D.H.; Lee, K.H.; Han, S.G. Comparative Toxicity Study
of Hyaluronic Acid Fillers Crosslinked with 1,4-Butanediol Diglycidyl Ether or Poly (Ethylene Glycol) Diglycidyl Ether. Int. ].
Biol. Macromol. 2025, 296, 139620. [CrossRef] [PubMed]

Wojtkiewicz, M.; Stachura, A.; Roszkowski, B.; Winiarska, N.; Kazimierska, K.; Stachura, K. Are We Overlooking Harms of
BDDE-Cross-Linked Dermal Fillers? A Scoping Review. Aesthetic Plast. Surg. 2024, 48, 5147-5154. [CrossRef]

Sulamanidze, M. A ; Nikishin, D.V.; Sulamanidze, G.M.; Sulamanidze, K.M.; Kadzhaya, G.N. Method for Production of Medical
Implant Shell, Medical Implant Shell. Russ. Fed. Patent Ne 2782112, 21 October 2022. (In Russian).

Burko, P; Sulamanidze, G.; Nikishin, D. Long-Term Efficacy of Poly(L-Lactide-Co-¢-Caprolactone) Copolymer Lifting Threads
with Encapsulated MICROscale Hyaluronic Acid Particles Using NAMICA Technology: Investigating Biorevitalizing Effects in
Skin Remodeling (Part 1). Cosmetics 2025, 12, 20. [CrossRef]

Burko, P.; Sulamanidze, G.; Nikishin, D. NAMICA Encapsulation Technology in an Animal Model: MICROscale vs. NANOscale
Hyaluronic Acid Particles in Skin Remodeling (Part 2). Cosmetics 2025, 12, 55. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.ijbiomac.2025.139620
https://www.ncbi.nlm.nih.gov/pubmed/39788250
https://doi.org/10.1007/s00266-024-04262-0
https://doi.org/10.3390/cosmetics12010020
https://doi.org/10.3390/cosmetics12020055

	Introduction 
	Materials and Methods 
	Results 
	Types of Threads and the Materials They Are Made of 
	Function of Hyaluronan in Cutaneous Wound Repair 
	Hyaluronic Acid: Clinical Application in Aesthetic Medicine and Synergy with Thread Technologies 

	Conclusions 
	References

