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Abstract: Background: Injectable biostimulators, particularly Poly-L-Lactic Acid (PLLA), have
significantly advanced aesthetic medicine by promoting collagen production for skin rejuvenation
and volume restoration. This study investigates the efficacy and safety of hyperdiluted PLLA
injections in the temples and neck, advocating for customized concentrations to enhance results and
minimize risks. Objective: To evaluate the clinical efficacy and safety profile of hyperdiluted PLLA
injections in the neck and temple region. Materials and methods: All patients were treated with
injections of hyperdiluted PLLA (Rennova Elleva®) in the neck and temple region. All patients
underwent six-monthly clinical evaluations and kept self-reporting diaries to record any adverse
effects during the first 30 days. Patient satisfaction was assessed using the Subject Global Aesthetic
Improvement Scale (S-GAIS) on days 90 and 150 post-injection. Results: The study included 16 female
patients with a mean age of 50.19 (11.3) years and a mean BMI of 22.80 (2.2) kg/m?. Eight patients
(50%) reported mild to moderate injection site reactions, such as redness, pain, hardening, swelling,
lumps, bruises, and skin discoloration, with most symptoms resolving within a few days. Clinically,
no major adverse events were noted. On post-injection day 90, the average GAIS was 3.1 + 0.86,
indicating an overall “improved” aesthetic appearance, which improved to 2.5 + 0.97 by day 150
(p=0.12). Conclusion: Hyperdiluted PLLA injections are a safe and effective treatment for facial
rejuvenation in the temple and neck areas, offering sustained patient satisfaction and minimal
adverse effects. The tailored injection technique, which accounts for unique anatomical
characteristics, maximizes results and minimizes complications, highlighting the importance of
customized treatment strategies in aesthetic medicine.

Keywords: Poly-L-Lactic Acid; PLLA; Collagen; Biostimulator; Temples; Neck; Safety

1. Introduction

The introduction and ongoing development of injectable biostimulators in the field of aesthetic
medicine has revolutionized skin rejuvenation and volume restoration.[1] These materials, known
for their ability to stimulate the neocollagenesis,[2,3] offer a minimally-invasive alternative to surgical
procedures. Seeking natural results, a growing number of patients demand these treatments to
promote skin tightening and volumization through collagen induction.[4] Among the various
collagen biostimulators available, Poly-L-Lactic Acid (PLLA) is of great popularity both among
aesthetic practitioners and patients as it has shown to be a particularly effective and long-lasting
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product.[5] PLLA is a synthetic, biodegradable polymer that has a long and well-researched history
of use in both medical and cosmetic applications.[6-10] Once injected, PLLA microparticles stimulate
fibroblasts in the skin to produce new collagen, resulting in a gradual increase in skin thickness and
firmness.[5,11] Thus, PLLA helps not only restore lost volume but also improve skin quality by
enhancing the skin’s overall structural integrity.[12]

In light of PLLA’s collagen-stimulating effects, it is logical to consider the architecture of the
injected skin area. In fact, the skin's thickness, the amount of subcutaneous fat, and the overall dermal
structure can vary significantly over the body.[13] These differences suggest that a one-size-fits-all
approach to PLLA concentration may not be optimal. Adjusting the concentration to align with the
specific structural skin characteristics of the target area could theoretically enhance both the safety
and effectiveness of the treatment.[14]

The temples and neck, in particular, present unique challenges compared to mid-face or other
facial areas in which the clinical efficacy and safety profile of PLLA injections have been extensively
investigated in previous studies.[15-19] The skin in the temples is relatively thin and is characterized
by a sparse layer of subcutaneous fat, rendering it more susceptible to injection-related complications
in general and product show in specific.[20] Further, the intricate layered arrangement in this facial
region requires an in-depth understanding of topographic anatomy to provide not only efficacious
but also safe aesthetic treatments.[21] Similarly, the neck has a complex anatomy with heterogenous
thickness of the skin and underyling layers (e.g., subcutaneous fat, and decussating SMAS in the
midline), predisposing for higher risks of adverse events such as nodule formation when treated with
standard concentrations of collagen biostimulators. These skin differences call for a tailored approach
when using PLLA in these regions to minimize the risks while maximizing aesthetic results.[20]
Given the unique challenges specific to these facial regions, evenly-spread injections of hyperdiluted
PLLA employing a fanning technique seem to be a viable option to administer this product
effectively.[17,21]

This study, therefore, aims to evaluate patient satisfaction and safety associated with injections
of hyperdiluted PLLA in these specific areas. By prospectively analyzing treatment outcomes, we
sought to determine whether this anatomically aligned approach could mitigate potential
complications while delivering effective aesthetic results. Our insights can be leveraged by both
patients and providers: For patients, understanding the safety and efficacy of hyperdiluted PLLA
injections in the temples and neck can provide reassurance and inform their choices about aesthetic
treatments. For injectors, the study offers valuable insights into how adjusting PLLA concentrations
to suit the anatomical and structural nuances of each target area can help enhance treatment outcomes
and reduce the risk of complications. By doing so, practitioners may achieve more consistent and
satisfactory results, ultimately leading to higher patient satisfaction and better overall results.

2. Materials and Methods

2.1. Study Setup

This controlled prospective single-center study aimed to investigate the procedural safety and
patient satisfaction following a single-session treatment of the temples and neck using the PLLA-
based soft tissue filler Rennova Elleva® (Rennova, Goiania, Brazil). The study was conducted
between November 2023 to September 2024 in the private practice of the senior author, REDACTED.
Prior to their inclusion in the study, patients were informed about the aims and written informed
consent for their participation and use of their data was obtained.

2.2. Inclusion and Exclusion Criteria

In general, female patients with moderate to severe skin sagging of the face and neck, were
eligible for this study. It was essential for participants to commit not to undergo any other facial
treatments during the study period to ensure that the observed effects could be attributed solely to
the treatment under investigation. Conversely, several exclusion criteria were applied to maintain
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the study's rigor and protect participant health: Individuals under the age of 18, pregnant or
breastfeeding women, history of autoimmune diseases, intake of immunosuppressants or anti-
inflammatory medications at the time of the study initiation, permanent facial implants, such as
polymethyl methacrylate (PMMA) or silicone, history of temporary or semi-permanent skin fillers in
their face within the last 12 months. By establishing these strict inclusion and exclusion criteria, the
study aimed to create a homogeneous participant group, thereby ensuring reliable and applicable
results for the target population.

2.3. Product and Solution Specifications

Rennova Elleva® (Rennova, Goiania, Brazil) is a sterile lyophilized preparation containing 210
mg of poly-L-lactic acid (PLLA), 132 mg of carboxymethylcellulose, and 178 mg of pyrogen-free
mannitol. It is designed for deep dermal, subcutaneous, or supraperiosteal injection.[22]

To prepare the solution, 12 mL of sterile distilled water and 2 mL of lidocaine without a
vasoconstrictor are added to the Rennova Elleva® vial. The vial is then placed in the Rennova Mixer
2.0 (Rennova, Goiania, Brazil), a device used by healthcare professionals, and shaken horizontally at
a speed of 2000 oscillations per minute for 1 minute to ensure thorough product homogenization.

From the prepared solution, a portion containing 90 mg of PLLA is utilized for treating the
temple and neck regions. To achieve this, 6 mL of the prepared solution (which contains 90 mg of
PLLA) is re-diluted to 18 mL, reducing the PLLA concentration to 5 mg/mL. Specifically, 15 mg of
PLLA is used for each temple, 30 mg for the submental region, and 30 mg for the cervical region.

2.4. Procedure

The procedure began with cleansing the skin using a 0.5% alcoholic chlorhexidine solution.
Following this, a 4% lidocaine-based anesthetic cream was applied to the treatment areas and left in
place for 30 minutes to ensure adequate numbing, after which the cream was carefully removed. A
22G 50 mm cannula (Rennova, Goiania, Brazil) was selected for the injections, with the entry point
created using a 21G needle inserted at a 30-45 degree angle to the skin surface.

For the temple region treatment, the entry point was precisely positioned at the intersection of
the middle and anterior thirds of the zygomatic arch. This strategic placement is crucial to avoid
complications associated with the superficial temporal artery, which typically lies more laterally. For
the neck region treatment, an entry point was made just below the chin for the submental area, and
another entry point was centrally located at the level of the cricoid cartilage for treating the cervical
region. The injection technique employed was linear retrograde injections without bolus
administration, ensuring even distribution of the product along the treated areas. This approach
follows the fanning technique, which is designed to cover a broader area more evenly. The targeted
layer for product application was within the subcutaneous fat. All injections were carried out by the
same experienced dermatologist to maintain consistency and precision in the procedure.
Immediately after the injections, a vigorous massage using a 2% chlorhexidine degerming solution
was performed to aid in the even distribution of the injected material. Patients were instructed to
continue this massage regimen at home, performing the massage 5 times a day for 5 minutes each
session over the next 5 days. This post-procedure care is vital for optimizing the results and ensuring
the even dispersion of the product. To protect the entry points and prevent infection, a sterile
occlusive dressing was applied to each site.

2.5. Clinical Evaluation

Clinical evaluations were conducted with each patient at six (monthly) intervals: Day (D)0, D30,
D60, D90, D120, and D150. At each of these follow-up time points, a detailed anamnesis and a
thorough physical examination was performed to monitor for possible adverse events. This included
a close inspection of the treated areas to assess the condition of the skin, any changes in texture or
appearance, and signs of inflammation or infection. Palpation of the facial skin was also conducted
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to check for any unusual lumps, tenderness, or other abnormalities that might indicate a
complication. In addition, patients’ weights were measured using a regular digital scale on DO and
D150 to evaluate any potential gain during these data collection endpoints that could interfere with
the clinical assessment. Height was reported by patients and this information was recorded on DO.

2.6. Ultrasound Evaluation

All ultrasound-based measurements were conducted by the same investigator (M.C.), a board-
certified dermatologist and radiologist, to ensure consistency in the measurements and clinical
assessments throughout the study. The ultrasound device utilized in this study was a Logiq e (GE
Healthcare, Milwaukee, WI), a high-resolution equipment with high frequency linear probe, hockey
stick—-shaped (upper frequency range, 8-18 MHz), always applying its maximum frequency of 18
MHz. The ultrasound images were recorded in grayscale. Patients were seated at a 45°C upright
position during the ultrasound imaging and measurement process. The transducer was positioned
in a thick layer of contact gel (Aquasonic Clear Ultrasound Gel, Parker Laboratories Inc., Fairfield,
NJ, USA) without direct skin contact to avoid compression of the facial soft tissues.

2.7. Patient Diary

Each patient received a diary to subjectively assess any adverse effects during the first 30 days
post-procedure. They were instructed to document specific injection-related symptoms or signs,

"non "non

including "redness," "pain," "hardening," "swelling," "lumps," "bruising," and "skin discoloration."
Additionally, patients were asked to rate the intensity of these symptoms as mild, moderate, or
severe. These diaries were collected and analyzed during the D30 visit to evaluate the presence and

severity of any adverse effects.

2.8. Subject Global Aesthetic Improvement Scale (S-GAIS)

The Subject Global Aesthetic Improvement Scale (5-GAIS)[23] was used to evaluate patient
satisfaction at two key points: D90 and D150. The GAIS is a five-point scale designed to measure the
overall aesthetic improvement in a patient's appearance compared to their pre-treatment state. The
scale ranges from exceptional improvement (1) and very improved (2), to improved (3), unaltered (4),
and worsened (5) (Table 1).

Table 1. Overview of the Global Aesthetic Improvement Scale Assessment (GAIS).

Degree Description
1 Exceptional Improvement Excellent corrective results
Very improved Marked improvement of the appearance but not completely
optimal
3 Improved Improvement of the appearance, better compared with the initial
condition, but a touch-up is advised
4 Unaltered The appearance substantially remains the same compared with the
original condition
5 Worsened The appearance has worsened compared with the original
condition

2.9. Physician Global Aesthetic Improvement Scale Assessment (P-GAIS)

In addition to the S-GAIS, the Physician Global Aesthetic Improvement Scale (P-GAIS) was used
to evaluate patient aesthetic improvement by two independent evaluators at both 90 and 150 days
after injection. The P-GAIS system is scored analogue to the S-GAIS.

2.10. Statistical Analysis

Differences between follow-up periods within the investigated groups were analyzed using
Wilcoxon signed-rank test. To examine the relationships between the investigated parameters,
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bivariate correlation analysis was performed using Spearman's correlation coefficient (rs). All
statistical calculations were conducted using SPSS Statistics 27 (IBM, Armonk, NY, USA). A
probability level of < 0.05 was considered statistically significant for guiding conclusions. Results are
presented as mean values with their respective standard deviations (mean + SD), unless otherwise
noted.

3. Results

3.1. Demographics

In our study, a total of n=16 female patients of Hispanic ethnic background with an average age
of 50.19 years (11.3) [range: 37-72 years] and an average BMI of 22.80 (2.2) [range: 18.4 — 26.2] at the
start of the study were included.

3.2. Patient Diary

All patients included in this study completed the patient diary. Eight patients (50.0%) reported
mild injection site reactions, and one patient (6.3%) reported a moderate site reaction. Redness at the
injection site was reported in 5 patients (31.3%), with all cases being mild and transient in nature. The
duration of mild injection site redness was 2.20 (1.6) days and was located in the temple and the neck
in three and two patients, respectively. Pain at the injection site was reported in seven cases (43.8%),
with all cases being mild. The average duration of mild injection site pain was 3.57 (2.4) days and was
located in the neck in three patients, in the temple in two patients, and in both regions in two patients.
Hardening at the injection site was reported in two cases (12.5%), with all cases being mild. The
average duration of mild injection site hardening was 1.0 (0.0) day and was located in the neck in one
patient and in the temple in one patient. Swelling at the injection site was reported in two cases
(12.5%), with one case being mild and one case being moderate. The mild injection site reaction was
located in the temple and lasted 1 day while the moderate reaction lasted 3 days without location
specification. Mild lump formation at the injection site was reported in one case (6.3%) and was
located in the neck with a duration of 1 day. Bruises at the injection site were reported in 3 cases
(18.9%), with all cases being mild. The average duration of mild injection site bruising was 4.67 (4.6)
days and was located in the neck in one patient, in the temple in one patient, and in both regions in
one patient. Mild skin discoloration at the injection site was reported in 1 case and was located in the
temple. All injection site reactions are summarized in Table 2.

Table 2. Overview of injection site reactions as reported in the patient’s diary.

Skin
Hardenin Lump discolorati
Redness| Pain g Swelling | formation | Bruising on
Mil | Modera
Mild Mild Mild p ; Mild Mild Mild
e
Average
2.20 3.57
Duration 1.000.0) | 1 3 1 4.67 (4.6) 1
(1.6) (2.4)
[days]
Location
Neck 2 3 1 0 1 1 0
Temple 3 2 1 1 / 0 1 1
Both 0 2 0 0 0 1 0
Total 5 7 2 1 1 1 3 1
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At 90 days, the mean patient-assessed GAIS was 3.1 (SD: 0.86), indicating an overall perception

of "improved" aesthetic appearance. By 150 days, the mean rating improved to 2.5 (SD: 0.97, p=0.12),

reflecting a "very improved" aesthetic outcome. Spearman's correlation analysis showed no

significant association between weight change and S-GAIS scores at 90 days (o = 0.084, p = 0.80) or
150 days (0 =-0.27, p = 0.40). Detailed results are presented in Table 3.

Table 3. Overview of patient characteristics and GAIS scoring.

Evaluator 1

Evaluator 2

PGAI PGAI PGAI PGAI
PGAI PGAI PGAI PGA
Weig Heig SGAI SGAI S S S S
Weight S S S 1S
ht ht S S Day Day Day Day
# Age Ethnicity Gender [kgl Day Day Day Day
kgl [m] Day Day 90 150 90 150
Day 150 90 150 90 150
Day 0 Day 0 90 150 Tem Tem Tem Tem
Neck Neck Neck Neck
ple ple ple ple
Hispanic/ FEMAL
1 38 72 72 1.74 2 2 3 3 1 1 3 1 2 1
Latino E
Hispanic/ FEMAL
2 45 56 55.5 1.68 2 3
Latino E
Hispanic/ FEMAL
3 45 58 58 1.62 4 4 4 3 2 2 4 2 3 2
Latino E
Hispanic/ FEMAL
4 72 45 42 15 3 4 4 4 4 3 3 3 2 2
Latino E
Hispanic/ FEMAL
5 38 57 58.5 1.69 5 3 2 3 3 2 3 3 2 2
Latino E
Hispanic/ FEMAL
6 44 68 71.8 17 2 2 4 5 3 5 4 4 4 4
Latino E
Hispanic/ FEMAL
7 47 67 67 171 3 3 4 4 3 3 3 3 3 3
Latino E
Hispanic/ FEMAL
8 43 66 67 1.62 4 2 2 2 3 3 3 2 2 1
Latino E
Hispanic/ FEMAL
9 47 62.3 59 1.6 3 2
Latino E
Hispanic/ FEMAL
10 71 59 58 157 3 3 2 2 2 1 3 3 2 2
Latino E
Hispanic/ FEMAL
11 67 65.3 67 158 3 1
Latino E
Hispanic/ FEMAL
12 37 63.3 60 1.6 3 2
Latino E
Hispanic/ FEMAL
13 53 56 56 1.51 1
Latino E
Hispanic/ FEMAL
14 57 57 57 1.58 3 3 3 2 2 3 1 2
Latino E
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Hispanic/ FEMAL
15 46 63 63 1.67 3 4 3 3 3 3 2 2 1
Latino E
Hispanic/ FEMAL
16 53 52 54 1.68 4 2 3 2
Latino E

3.4. Physician Global Aesthetic Improvement Scale Assessment (P-GAIS)

Blind evaluator 1 assessed GAIS scores at 90 days post-injection, yielding means of 3.3 (SD: 0.90)
for the temple and 3.1 (SD: 0.94) for the neck. At 150 days, scores were 2.7 (SD: 0.82, p = 0.16) for the
temple and 2.5 (SD: 1.2, p = 0.035) for the neck. Similarly, blind evaluator 2 reported mean scores of
3.1 (SD: 0.54) for the temple and 2.5 (SD: 0.82) for the neck at 90 days, with further improvements at
150 days to 2.3 (SD: 0.82, p = 0.005) for the temple and 2.0 (SD: 0.94, p = 0.014) for the neck.

Spearman's correlation analysis revealed no statistically significant relationship between weight
change and P-GAIS scores for either evaluator. Correlations of scores by blind evaluator 1 and weight
change revealed weak correlations at 90 days after injection in both temple (o = 0.016, p = 0.96) and
neck (o =-0.041, p = 0.91) regions, as well as at 150 days after injection in both temple (0 =0.044, p =
0.90) and neck (o = 0.36, p = 0.31) regions. Correlations of scores by blind evaluator 2 and weight
change revealed positive trends at 90 days after injection in both temple (0 = 0.30, p = 0.37) and neck
(0=0.041, p = 0.91) regions, as well as at 150 days after injection in both temple (o0 = 0.30, p = 0.35) and
neck (0 =0.15, p = 0.69) regions. Although not statistically significant, weight increase was associated
with poorer P-GAIS evaluation.

Interrater reliability of the P-GAIS scores was assessed using Spearman’s rank correlation. For
the measurements 90 days after injection, a moderate positive correlation was observed in the temple
region (0 = 0.41, p=0.21) and a moderate-to-strong correlation in the neck region (¢ = 0.53, p = 0.094),
although neither correlation reached statistical significance. In contrast, measurements 150 after
injection demonstrated negligible agreement in the Temple region (o =-0.093, p = 0.79) and a weak-
to-moderate correlation in the Neck region (o = 0.33, p = 0.35). These findings indicate limited and
inconsistent interrater reliability across timepoints and anatomical regions. Detailed results are
summarized in Table 3.

3.5. Clinical Evaluation

In the clinical evaluations, no major adverse events were reported.

3.6. Ultrasound Examination

In the ultrasound examination, the correct placement of the product was confirmed in all cases
and no irregularities regarding the injection site anatomy were found. (Figure 1 and Figure 2).

d0i:10.20944/preprints202503.1664.v1
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Figure 1. Ultrasound image of the cervical region. The dermis is highlighted with red markers, indicating the
uppermost layer of the skin. The product, Rennova Elleva®), is visualized in green, permeating the subcutaneous
tissue layer. The yellow markers delineate the platysma muscle, demonstrating its position relative to the
subcutaneous tissue and the product's distribution. This image illustrates the layering and localization of

Rennova Elleva® within the anatomical structures of the neck region.

Figure 2. This ultrasound image of the temporal region shows the subcutaneous tissue, highlighted with blue
markers, where the product was correctly applied. In addition, the superficial temporal artery is visualized with

Power Doppler Imaging (PDI), positioned between the superficial temporal fascia.

4., Discussion

Although often overlooked by patients as contributing factors to overall facial aesthetics,
experienced aesthetic practitioners typically incorporate treatments of the neck and temples in a
holistic approach to full-face rejuvenation.[24] However, there is a scarcity of clinical studies
investigating the efficacy and safety of soft tissue fillers in these regions. To address this knowledge
gap, we herein introduced and evaluated an injection technique using hyperdiluted Poly-L-Lactic
Acid (PLLA). Our approach aimed to address the unique anatomical challenges of the temple and
neck areas, such as varying thickness of the skin and the underlying soft tissues.[25,26] By tailoring
the concentration of PLLA to these anatomical characteristics, we hypothesized that our technique
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would not only warrant high safety but also sustained patient satisfaction. Notably, when evaluating
the outcomes, the authors primarily relied on the patient’s perception and assessment, for both
efficacy (i.e., S-GAIS) and safety profile (i.e., patient diary), thereby moving away from the often-
biased injector-centered perspective and returning to the core of aesthetic medicine: the patient's
experience.

Patient satisfaction was assessed by patients using the 5-point S-GAIS from 1 (“exceptional
improvement”) to 5 (“worsened”) (Table 1). The average rating was 3.1 at 90 days, equating to an
“improved” aesthetic appearance. Interestingly, the clinical results not only remained stable but also
improved over a longer follow-up period, with an average rating of 2.5 at 150 days, thereby
approaching a “very improved” rating defined as “2” by S-GAIS. Put differently, 81.5% (13) of
patients reported at least an “improved” (i.e., 2 3) aesthetic appearance at 90 days, which yet again
increased to 87.5% (14) at 150 days. A similar trend can be observed in the P-GAIS, where scoring by
both evaluators showed improvements at 150 days compared to 90 days after injection. Moreover, no
significant correlation could be established between weight gain over the study period and changes
in S- and P-GAIS. A recent meta-analysis of randomized clinical trials involving patients treated with
tissue fillers for the nasolabial fold area revealed that pooled patient satisfaction was highest during
the initial follow-up examination and then progressively decreased.[27] On the contrary, our finding
of gradually increasing patient satisfaction highlights both the longevity and the beneficial aesthetic
effects of the hyperdiluted PLLA injections over time. This may be mainly attributed to the collagen-
inducing capacities of PLLA, which promotes tissue remodeling and stepwise improvements in skin
quality. As PLLA microparticles are gradually resorbed by the body, they stimulate fibroblasts to
produce new collagen, increasing skin thickness and firmness.[5,11,12] This process continues over
several months, echoing in higher patient satisfaction at the 150-day mark.[28] To capitalize on these
effects, precise product placement in the desired layer and the employed injection technique is
essential: ~ Ultrasound-guided subcutaneous placement using a retrograde fanning injection
technique ensures optimal contact between the product and the dermis, thereby stimulating collagen
synthesis in dermal fibroblasts (Figure 1 and Figure 2).[29]

From a safety standpoint, no major adverse events were recorded through a clinical expert lens.
Injection site reactions, mostly mild, were reported by half of the patients. The most common
reactions included pain (seven patients) and redness (five patients) at the injection site. Less
commonly reported reactions included bruising (three patients), swelling (two patients), hardening
(two patients), lump formation (one patient), and skin discoloration (one patient) (Table 2). It is worth
noting that this, at first glance, relatively high rate of these minor adverse effects is likely due to the
methodology of the study, whereby patients were vigilant and meticulously recorded any change in
their condition. Monitoring and documenting symptoms via a patient diary increases the likelihood
of capturing even the slightest variations in health status that might otherwise go unnoticed by
clinical experts.[30] Studies relying on the latter would typically only report adverse events when
they are exceptional or outside the norm of daily observations. This “complication rate”, therefore,
rather reflects comprehensive patient-centered data collection rather than a high incidence of
clinically significant issues. Importantly, with the exception of one moderate injection site swelling,
all reactions were mild and transient. The injection site reactions appear to be consistent with those
reported in previous studies on PLLA and other injectable treatments, suggesting that they are more
related to the injection procedure itself rather than the product used.[31-33] The use of ultrasound
examinations in our study further confirmed the absence of adverse events such as injury of
neurovascular structures, providing additional reassurance regarding the safety of our technique.

In summary, treating the temple and neck area with hyper-diluted PLLA is a safe and effective
option for facial rejuvenation, yielding high levels of patient satisfaction and low rates of clinical
adverse effects. Even if patients may report minor symptoms after treatment, these are usually short-
lived and do not compromise the overall positive result. The anatomically aligned approach ensures
even distribution of PLLA according to the structural characteristics of different skin regions,
minimizing complications and maximizing aesthetic outcomes (Figure 3). The stability and gradual
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increase of S-GAIS ratings over time emphasize the long-lasting efficacy of PLLA-based soft tissue
filler injections.

Figure 3. Side-by-side comparison (lateral and oblique views) of a patient before (DO; left) and one month after
(D30; right) receiving poly-L-lactic acid (PLLA) injections into the neck and temples (see Supplementary Figure
S1). Initially, the patient shows visible sagging and wrinkles in the neck area, along with a loss of volume in the
temples. After 30 days, the images reveal a significant reduction in neck sagging and wrinkles, reflecting
enhanced skin tightening and rejuvenation. In addition, the temples appear fuller, contributing to a more
youthful and refreshed appearance. These results exemplify the efficacy of PLLA injections in addressing age-

related changes in both the neck and temple areas.

For patients, understanding the safety and efficacy of customized PLLA injections in
anatomically challenging areas such as the temples and neck can provide reassurance and inform
their choices about aesthetic treatments. For providers, our study offers practical insights into how
adjusting PLLA concentrations to suit the anatomical and structural nuances of each target area can
enhance treatment outcomes and reduce the risk of complications. In fact, on broader scale, the
implications of our findings extend beyond the specific areas treated in this study. The concept of
tailoring collagen biostimulator concentrations to the anatomical characteristics of different skin
regions can also be applied to other areas. This personalized approach to aesthetic medicine
underscores the importance of considering individual anatomical differences when designing
treatment protocols.
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5. Limitations

The study's findings should be interpreted considering its inherent limitations. First, the data
collection relied heavily on subjective self-reporting by participants, which may have led to some
adverse events being either overreported or unrecognized. Second, the study sample was limited in
size and drawn exclusively from the private healthcare sector, potentially limiting the generalizability
of the results to the broader population. Third, the study included only female participants, which
means that the results presented herein need to be validated in male patients, who typically have
different skin characteristics that could affect treatment outcomes.[34] Fourth, the follow-up period
of 150 days does not account for all long-term effects and satisfaction, which are, however, crucial for
a comprehensive understanding of the treatment's ultimate efficacy and safety. Lastly, the exclusion
of individuals with certain medical conditions and those using specific medications may have created
a more homogeneous sample, but it also limits the applicability of the findings to a wider, more
diverse patient population.

6. Conclusion

In conclusion, our study demonstrates that injections of hyper-diluted Poly-L-Lactic Acid
(PLLA) are safe and effective treatments for facial rejuvenation of the temple and neck areas, offering
sustained patient satisfaction and minimal adverse effects. The gradual improvement in patient
satisfaction, as reflected by increasing S-GAIS ratings, underscores the long-term benefits of this
approach, likely due to the collagen-stimulating properties of PLLA. Importantly, the tailored
injection technique, which accounts for the unique anatomical characteristics of these regions,
minimizes adverse effects while maximizing results. This study not only provides valuable insights
for practitioners but also reinforces the importance of customized treatment strategies in aesthetic
medicine. Future research should continue to explore the anatomically adjusted injection of collagen
biostimulator in other challenging areas to further refine and expand this promising approach.

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org.
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