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Purpose: Facial aging and dermal conditions may negatively influence the quality of life, leading patients to seek aesthetic procedures
to restore a more satisfying appearance. This post-market observational study investigates the efficacy and safety of PLLA micro-
spheres (PLLA-LASYNPRO™) in patients affected by chrono-and photoaging and other facial skin conditions.

Patients and Methods: Ninety-five adult patients affected by chronoaging, photoaging and skin conditions such as oily and acne-
prone skin, rosacea, or scarring, were treated with PLLA-based injectable). The patients assessed treatment outcomes through
a questionnaire during the sessions and after the end of the treatment. 2D and 3D images were taken for documentation. Physicians
assessed the treatment efficacy through the Global Aesthetic Improvement Scale (GAIS) between sessions and at the 6 months follow-
up. Adverse events (AEs) were evaluated immediately after the procedure and after 6 months.

Results: All treated patients demonstrated visible improvement in facial appearance, with 100% showing GAIS enhancement as
assessed by physicians and strong concordance from patient self-evaluations, where satisfaction was reported by 94.7% of respondents,
although only 56 patients returned the follow-up questionnaire. Improvements were already present after the first session in 60% of the
participants, noted in skin texture, firmness, and elasticity, with progressive enhancement over time. Only mild, transient AEs were
reported, such as short-term swelling or localized discomfort, all resolving spontaneously without complications or nodular formation.
Conclusion: PLLA-LASYNPRO™ proved to be a safe, effective, and well-tolerated injectable bio-regenerator. The treatment
achieved high levels of patient satisfaction and compliance, producing natural, gradual, and sustained aesthetic improvements in
skin quality and facial contour, particularly in the middle and lower face.
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Introduction

Facial aging is a complex and multifactorial biological process driven by both intrinsic and extrinsic factors. Intrinsic
aging results from genetically programmed cellular senescence and hormonal changes, while extrinsic factors such as
ultraviolet (UV) radiation, oxidative stress, environmental pollution, and lifestyle habits further accelerate tissue
degeneration."” Together, these mechanisms lead to profound structural and functional alterations in the skin and
subcutaneous tissues. Progressive dermal thinning, collagen and elastin degradation, decreased fibroblast activity, and
impaired extracellular matrix turnover result in loss of elasticity, hydration, and volume.? Concurrently, fat redistribution,
skeletal resorption, and ligament laxity contribute to the gradual loss of facial contour, culminating in the visible signs of

aging such as wrinkles, skin laxity, and volume depletion.* Traditional aesthetic medicine has largely focused on
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PLLA-LASYNPRO™ proved to be a safe, effective, and well-tolerated injectable bio-regenerator,
achieving high levels of patient satisfaction and compliance.

compensating for these changes through mechanical volumetric restoration, primarily employing hyaluronic acid—based
fillers or other implantable materials.>® While effective for immediate correction, these fillers do not address the
fundamental biological decline underlying the aging process. In recent years, however, the concept of regenerative
aesthetics has emerged, emphasizing skin health and quality improvement through stimulation of the body’s intrinsic
regenerative mechanisms.”®* This paradigm shift reflects the growing patient demand for natural-looking, long-lasting
results that enhance the structural and functional integrity of the skin rather than simply masking aging-related deficits.
Regenerative treatments aim to activate fibroblasts, induce neocollagenesis and neoelastogenesis, and promote balanced
dermal remodelling, thereby restoring both the appearance and vitality of the skin.”'°

Among the various biostimulatory agents introduced for regenerative purposes, poly-L-lactic acid (PLLA) has
demonstrated robust and reproducible efficacy in stimulating collagen synthesis and improving dermal thickness.'!
PLLA is a synthetic, biodegradable, and biocompatible polymer that acts as a scaffold to induce fibroblast proliferation

and gradual collagen deposition over time,'*'?

resulting in progressive volumisation and skin texture enhancement with
long-lasting effects.'* Despite its clinical success, earlier PLLA formulations presented practical limitations, including
delayed onset of aesthetic improvement, complex reconstitution requirements, and potential adverse events such as
papule or nodule formation related to uneven particle distribution.'>'® These challenges have prompted the development
of next-generation PLLA-based systems with optimized physical and handling properties. PLLA-LASYNPRO™ repre-
sents an innovative advancement in this field, designed to overcome the limitations of traditional PLLA formulations
while maximizing regenerative efficacy.'” It is an injectable biostimulator composed of PLLA microspheres suspended
within a proprietary carrier system that ensures uniform particle dispersion, improved injectability, and enhanced
biocompatibility.'® The formulation rationale of PLLA-based injectable lies in its ability to deliver controlled, predictable
collagen stimulation and tissue regeneration while minimizing the risk of adverse reactions'® lowering the pro-
inflammatory cascade associated with earlier formulations This mechanism supports a controlled, multidimensional
regenerative response characterized by coordinated collagen deposition, elastin remodeling, and increased dermal
density. Overall, PLLA-based injectable should be framed as an evidence-backed evolution of PLLA technology,
enabling predictable tissue integration and addressing critical limitations of earlier generations. By refining polymer
uniformity and optimizing particle—carrier interaction, PLLA-LASYNPRO™ supports a reproducible regenerative
cascade. These biological effects are supported by activation of key pathways involved in tissue repair and
remodeling.”® PLLA-based injectabletherefore ensures homogeneous tissue integration contributing to improved dermal
elasticity, thickness, and overall facial contour.”’ From a regenerative perspective, PLLA-based injectable aligns with the
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principles of modern aesthetic medicine by addressing both structural and biological aspects of skin aging. Rather than
acting solely as a volumetric filler, it functions as a biological activator and restoring tissue functionality.'”*! Given these
mechanistic properties, evaluating the real-world clinical performance of PLLA-based injectable becomes essential to
understand how this multidimensional regenerative profile translates into patient outcomes.

The present real-world, post-market study was designed to evaluate the efficacy, safety, and patient satisfaction
associated with PLLA-LASYNPRO™ for facial aesthetic rejuvenation in adult subjects. By assessing clinical outcomes
under routine practice conditions, this investigation aims to provide valuable insights into the performance of
JULAINE™ (Nordberg Medical AB, Huddinge, Sweden), a PLLA-based injectablemedical device, in everyday aesthetic
settings and to contribute to the growing body of evidence supporting regenerative injectables as a cornerstone of next-

generation facial rejuvenation therapies.

Materials and Methods

Data Collection Design
This real-world evidence study was performed in different clinics in Italy, between June 2024 and April 2025. The aim of
the study was to investigate the efficacy, safety and level of satisfaction in patients who underwent an aesthetic facial
rejuvenation procedure with the PLLA-based injectable through a questionnaire provided to patients and physicians.
Physicians assessed the occurrence of AEs immediately after every session and at the 6-month follow-up visit. The
observational study was designed prospectively, with patients being informed of the participation in the study. Surveys
were standardized across centers and developed specifically for this study.

The study was conducted in accordance with the ethical principles of the Declaration of Helsinki and applicable

regulatory requirements.

Inclusion and Exclusion Criteria

The study included 95 patients (85 females and 10 males) above 18 years old. The skin type of each patient was categorized
according to the Fitzpatrick Skin Phototype Classification.”” Patients in this study presented different skin conditions
including chrono-and photoaging, bad skin quality and scarring. Patients’ baseline characteristics are reported in Table 1.
All patients gave informed consent after an exhaustive explanation of the procedure and its potential adverse events (AEs).

Table | Patients’ Baseline
Characteristics

Total Patients | 95 (100)
Sex
Female 85 (89.5)
Male 10 (10.5)
Age
(18—40) 10 (10.5)
(41-50) 23 (24.2)
(51-60) 46 (48.4)
(>6l) 16 (16.8)
Fitzpatrick
| 0 (0)
1l 18 (19.6)
1] 74 (80.4)
v 0 (0)
\ 0 (0)
Vi 0 (0)
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Treatment Protocol

JULAINE™, the new injectable medical device used in this study, is a PLLA-based injectablebio-regenerator containing
highly uniform microspheres to smoothen wrinkles and tighten the skin. Each vial, containing a dry powder of 150 mg of
poly-L-lactic acid microspheres, 45 mg of sodium carboxymethylcellulose and 145 mg of non -pyrogenic mannitol was
reconstituted with 5 mL of saline solution, according to manufacturer’s instructions, and used immediately. 1 to 4 mL
(average 2.44 mL) were used for each patient’s side. The product was placed in the superficial subcutaneous layer and/or
in the deep dermis, using a 25-gauge cannula and following a retrograde linear fanning technique. Injections were
performed through skin perforations at different entry points. The injection is divided in 5—6 vectors in a fanning fashion
for each entry point, depositing 0.4-0.5 mL per vector. This technique ensures an even distribution of the product in
a broader anatomical area, not focusing only on the single wrinkle or depression. The most frequent entry points are
depicted in Figure 1: for the middle-third area the entry point is just below the zygomatic arch, in the lateral malar; in the
perioral area and nasolabial folds it is located 1 cm laterally from the oral commissure; for the medial and lateral
mandibular points it is in the lower-third region. The treatment comprised 2 to 3 sessions, 6 to 8 weeks apart. All patients
received a follow-up 6 months after the initial session.

Patients’ Survey
Patients were provided a survey to evaluate their previous knowledge and expectations from the aesthetic treatments.
Satisfaction of the procedure outcomes was evaluated after the first treatment and at the follow-up visit.

Physicians’ Survey
Physicians evaluated the efficacy of the treatment with a Global Aesthetic Improvement Scale (GAIS) before the second and
third sessions and at the 6 months follow-up. The results were graded as “much improved”, “improved”, “no change”, and
“worse”. GAIS evaluation was performed by the patient’s practitioner and not blinded due to the nature of the study. Patients
evaluated during the three assessment timepoints were 94, 90 and 73. To better compare the pre- and post- treatment
conditions, rigorous positioning protocols were used to take imaging, ensuring consistency and facilitating comparisons. To
evaluate wrinkles depth, Vectra H1, VISIA and ANTERA imaging system were used to provide a qualitative analysis.
Adverse events were assessed by physicians immediately after the treatment and at the 6 months follow-up.

Both patients’ and physicians’ survey responses were collected and percentage of respondents were calculated on the
basis of the total number of answers.

Figure | Typical entry points for PLLA-LASYNPRO™ injection. Black dots indicate the most frequently used injection entry points for cannula insertion during treatment.

4 https: Clinical, Cosmetic and Investigational Dermatology 2026:19



Bertossi et al

Statistical Analysis

Categorical variables were summarized as percentages. Differences in the distribution of Global Aesthetic Improvement
Scale (GAIS) scores across timepoints (before session 2, before session 3, and 3 months after the last treatment) were
assessed using the chi-square (x?) test. Given the ordinal nature of GAIS, a test for trend across ordered categories was
also performed to evaluate changes over time. Additionally, responder rates (defined as GAIS scores of 1-2) were
compared between timepoints using tests for proportions. All tests were two-sided, and a p-value < 0.05 was considered
statistically significant. Analyses were conducted using aggregated data.

Adverse Events

Adverse events (AEs) were assessed by the patients at the intermediate and final timepoints, rating the amount of pain
during the treatments and the duration of the swelling after the treatment. Physicians recorded immediate AEs after
injection and evaluated the presence of nodules or ischemic events after treatments.

Imaging Assessment

Pictures of the patients were taken before the initial treatment, after the first session, second session and after 6 months
from the first infiltration. Rigorous positioning protocols were followed before image capture to ensure consistency and
facilitate accurate comparison between pre-and post-treatment conditions. Additional imaging was performed with
VISIA to perform skin analysis, ANTERA for the measurement of wrinkles and texture and with digital dermatoscope
for skin assessment. A pinch test was performed to qualitatively assess the skin firmness by picture.

Results

Adult participants of both sexes spontaneously asking for a treatment were treated with PLLA-based injectable in
different facial areas. Initially, 114 subjects answered to the first survey evaluating their knowledge of available collagen-
stimulating options and their expectations about the treatment. Of these, 95 subjects proceeded to be enrolled in the study.
The study participants were then asked to fill a questionnaire about initial satisfaction and adverse events before
the second treatment. At the final timepoint, 6 months after the initial treatment, subjects were asked to give a final
assessment on the treatment and 56 returned the questionnaires.

Subjects were asked about their knowledge and expectations regarding aesthetic treatments before the first treatment,
and to evaluate their knowledge and experience with biostimulation treatments, collagen stimulation and their potential
benefits. A small proportion of subjects was not aware of this type of treatments (11.4%), whereas 28.1% of subjects
already heard of it, 25.4% had a good knowledge and 35.1% had a very good knowledge (Figure 2A). Among
respondents, 14.9% of subjects never had experience with aesthetic treatments, 12.3% never had them but investigated
this aspect, 37.7% had experience but without a regular treatment rhythm and 35.1% had them several times per year
(Figure 2B). Regarding aesthetic treatment results, the majority of respondents (91.2%) stated that what they valued most
was to achieve a natural result, while a minority reported that they valued most quickly visible results (2.6%) or long-
lasting results, up to 24 months (6.1%) (Figure 2C). The preferred aim of the treatment was to improve skin quality
(31.8%), achieve a firmer skin structure (25.2%), have a younger look (24%), contour the face (14%), or appear more
attractive (5%) (Figure 2D).

The most common treatment was performed at the nasolabial fold (31.8% of total treatments), followed by cheeks
(14.6% of treatments), marionettes (9.6%), malar area (9.1%), lower third (7.6%), pre-jowl (7.1%), oral area (7.1%),
middle third (6.1%), zygomatic area (3%), temporal area (2%), auricular area (1.5%) and chin (0.5%). In many cases,
more areas were covered within the same treatment session.

Eight weeks after the first injection, most subjects rated the experience as satisfying (36.1%) or very satisfying (53.6%),
with only 8.2% reporting a neutral impression and 2.1% a not-so-good one (Figure 3A). Early visible changes were reported
by the majority: 38.8% noticed improved skin feel, 19.8% better elasticity, and 30.6% improved tone, while only 10.7% did
not yet perceive differences (Figure 3B). Importantly, no patient intended to discontinue the treatment at this stage, with 83.5%
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Figure 2 Survey regarding previous knowledge and experience with aesthetic treatments and expectations on aesthetic treatments. (A) Self-reported level of knowledge
about biostimulation treatments and collagen stimulation; (B) Previous experience with aesthetic treatments; (C) Key factors considered important when choosing aesthetic
treatments; (D) Desired outcomes from aesthetic treatments. Data were normalized by the percentage of answers.

resolute about continuing and 16.5% still undecided (Figure 3C). Effects were considerable on skin quality, wrinkle presence
and nasolabial fold depth eight weeks after the second treatment (Figure 3D).

Treatment results showed a consistent quantitative improvement across sessions. After the first treatment, 59.6% of
patients were rated as improved (Figure 4A). This proportion increased to 74.4% after the second session, with 20%
assessed as “much improved” (Figure 4B). At the 6-month follow-up, all participants demonstrated objective improve-
ment, with almost 85% rated as “improved” or better on GAIS (Figure 4C). A statistically significant shift in GAIS
distribution was observed across timepoints (y°-test, p < 0.001), with a significant trend toward improved outcomes after
repeated treatment sessions and at 3-month follow-up. The proportion of responders (GAIS 1-2) increased from 1.1% to
37.0%, while patients reporting no improvement (GAIS 4) decreased from 38.3% to 0%. These findings confirm the
progressive and sustained bio-regenerative effect of the treatment over time (Figure 4D). In particular, central compart-
ments were replenished, contributing to an overall younger appearance (Figure 4E). Skin quality was assessed by VISIA
software, indicating an overall improvement of texture and evenness (Figure 4F). Skin wrinkles were further analysed by
Antera 3D camera, showing an improved skin texture after 6 months (Figure 4G). The treatment also led to less visible
capillaries, improvement in photoaging and tissue re-densification, as assessed by a digital dermatoscope (Figure 4H).
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Figure 3 Subjects’ impression after the first treatment regarding experience, satisfaction and willingness to proceed (A—C). Data were normalized by the percentage of
answers. Pictures of before and after treatment after two sessions (D).

Interestingly, the treatment with PLLA-LASYNPRO™ significantly enhances the skin’s elasticity, reducing laxity.
These improvements are significantly visible during the pinch test (Figure 5A) and movement, such as smiling and
lowering the chin (Figure 5B).

At the 6-month final follow-up, overall satisfaction remained high. Most respondents rated the experience as very
good (64.3%) or good (30.4%), while 5.4% considered it “not good”, mainly due to limited visible results (Figure 6A).
Nevertheless, all participants reported being at least quite satisfied with the outcome, with 35.7% very satisfied, 42.9%
satisfied, and 21.4% quite satisfied (Figure 6B). When compared to other aesthetic treatments, 42.3% found PLLA-based
injectable to provide better results and 19.2% significantly better, while 32.7% considered it comparable and only 5.8%
found it less satisfactory (Figure 6C). Regarding retreatment, 21.4% would certainly repeat the procedure, 46.4% would
probably repeat it, and 25% were still evaluating it, while 7.1% preferred other treatments (Figure 6D).
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Antera 3D camera (G) and digital dermatoscope (H).
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Figure 5 Before and after pictures showed improved skin elasticity at the 6-month follow-up. Pinch test (A) and results during exaggerated facial expressions (B).

Subjects were asked to evaluate the level of pain and swelling after the first injection and after the last treatment.
30.9% of subjects reported to have experienced no pain during the first treatment, 38.1% experienced light pain, 29.9%
moderate and 1% strong pain (Figure 7A). When asked if they experienced swollen face after treatment, 16.5% of
respondents did not experience any swell. The rest of the participants did but for 41.2% it resolved after 1-2 days, for
349% after 2-3 days and for 8.2% after more than 5 days (Figure 7B). No adverse event was severe or lasted up to the
subsequent follow-up. At the 6-month follow-up the percentage of subjects that did not experience any pain lowered to
16.7%, with 38.9% experiencing mild, 44.4% moderate and 1.9% intense pain over the past treatments (Figure 7C). The
pain was not to be associated to the product itself, but rather to the treated area and to the physician’s handling.

Physicians reported visible AEs after the procedure (immediate AEs) and during the 6-month follow-up visit (late AEs).
The immediate reactions can be associated with the technical procedure, with swelling (short duration, less than 2—3 days)
being the most common. Most of patients did not show any sign of immediate AEs. At the 6-month follow-up visit
physicians evaluated the presence of nodules or ischemia, common AEs associated with injectable fillers. No patient
experiences either of them (Figure 7D and E).

Discussion

The results of this real-world study demonstrate that treatment with PLLA-based injectable is an effective and well-tolerated
option for facial rejuvenation, offering progressive and natural improvements in skin quality, elasticity, and overall facial
appearance. The physical and instrumental assessments consistently confirmed significant enhancement of dermal parameters,
supporting the regenerative capacity of PLLA-based injectable Improvements were already evident after the first session, with
nearly 60% of patients showing clinical enhancement, and continued to increase throughout the follow-up, reaching universal
improvement after six months. Objective analyses using VISIA and Antera 3D technologies corroborated these findings,
revealing improved skin texture, reduced wrinkle depth, and increased evenness. Although the findings indicate a strong effect
of PLLA-based injectable on facial rejuvenation, some limiting factors must be taken into account. The study was designed as
a post-market observational setup, therefore without the presence of a control group, limiting the possibility of a direct
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Figure 6 Final satisfaction survey from the subjects at the 6 months follow-up, assessing the overall experience (A), results (B), comparison to other aesthetic treatments
(C) and willingness to repeat the procedure (D). Data were normalized by the percentage of answers.

comparison. The number of participants that answered the survey was lower at every timepoint, resulting in less than half of
the original number answering at the final follow-up evaluation. These limitations however are inevitable in the context of
a post-market observational study, even though results are in line with previous PLLA injectables studies. These data in fact
align with previous evidence on the use of PLLA-based injectable, where it was demonstrated its effect on fibroblast
migration, ECM synthesis and ultimately skin remodelling both in vitro and ex vivo.”” A notable strength of PLLA-based
injectable lies in its rapid reconstitution and ease of injection, which simplify the clinical procedure and enhance practitioner
handling.'® The optimized carrier system ensures uniform microsphere dispersion, contributing to predictable outcomes and
reduced risk of local complications. The streamlined preparation process represents a significant advancement over earlier
PLLA formulations, which often required complex reconstitution protocols and longer waiting times before injection. These
improvements facilitate treatment integration into routine aesthetic practice and increase physician compliance and patient
throughput without compromising safety.

Patient-reported outcomes further confirmed the treatment’s effectiveness and acceptability. The majority of subjects
perceived visible improvements in skin quality, elasticity, and firmness within eight weeks, with satisfaction scores
increasing progressively over time. By the end of the study, 94.7% of respondents rated the treatment experience as
“good” or “very good”, and more than two-thirds expressed willingness to repeat the treatment. These results reflect both
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Figure 7 Adverse events (AEs) assessment by patients after the first session (A and B) and after the final treatment (C). Physician AEs assessment regarding the presence of
nodules of ischemia at the 6-month follow-up (D and E). Data were normalized by the percentage of answers.

the aesthetic efficacy and the high level of patient compliance and satisfaction, which are key factors in long-term
treatment adoption and clinical success. The preference for natural and gradually evolving results expressed by
participants aligns with the regenerative aesthetic paradigm, emphasizing subtle, authentic rejuvenation rather than
abrupt volumetric correction.

The safety profile observed in this study was favourable, with no severe or long-lasting adverse events reported
throughout the six-month follow-up. The most common reactions were mild to moderate swelling, resolving sponta-
neously within a few days and transient pain at the injection site. The pain was mostly linked to the site of the injected
area and to the experience of the clinician performing the injection, suggesting a dependence on the site and operator
rather than a role of the device itself. Importantly, no cases of nodules, papules, or ischemic events were observed,
underscoring the high biocompatibility of the formulation and the benefit of improved particle dispersion within the
carrier matrix. The absence of serious complications supports the rationale behind PLLA-based injectable formulation,
designed to minimize inflammatory clustering and ensure controlled, homogeneous tissue integration of the PLLA
microspheres.'”'®%° The lack of papules or nodules could be linked to the different action PLLA-based injectable exerts
on regeneration. Conventional fillers rely on collagen deposition after a localized inflammatory response, therefore
eliciting the body response with fibroblasts mobilization and collagen deposition. However, this pathway is often linked
to the formation of nodules or papules in the injection areas, due to the inflammation reaction.® The different
neocollagenesis process promotes a gentler body response, avoiding unfavourable outcomes. Although it is expected,
later follow-up reports are required to prove the absence of nodules and papules emergence. This property allows the use
of The lack of papules or nodules could be linked to the different action PLLA-based injectable exerts on regeneration in
novel delicate areas such as the perioral area, where PLLA formulations are extensively diluted or not normally used.

From a clinical perspective, these findings reinforce the concept that PLLA-based injectable acts not merely as
a volumetric filler but as a regenerative stimulator, triggering biological remodelling processes that restore dermal
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architecture and functionality. The progressive nature of results and their maintenance over time attest to sustained
collagen, elastin and other ECM components secretion activity and tissue renewal.® These results align well with
previous studies on collagen deposition and nasolabial folds improvement, where results were evaluated via cutaneous
strain elastography and ultrasonographic assessment.”’ However, more studies are required to fully assess the potential of
this treatment. In any case, the product’s ease of preparation, favourable safety profile, and high patient satisfaction
position it as a valuable regenerative injectable for facial rejuvenation.

Conclusions

In conclusion, PLLA-LASYNPRO™ demonstrated clinically meaningful, progressive, and long-lasting improvements in
skin quality and facial appearance under real-world clinical conditions. The treatment was easy to prepare and inject, ensuring
high physician usability and consistent delivery. No severe adverse events were observed, confirming an excellent safety and
tolerability profile. Patient feedback indicated strong satisfaction and compliance, with most subjects reporting visible
improvements and willingness to undergo repeated treatments. These findings support its use as an effective and reliable
tool in regenerative aesthetics, bridging the gap between traditional fillers and biologically active skin rejuvenation therapies.
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