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Abstract: The primary objective of this systematic review study was to investigate the effectiveness, durability, 
and adverse events of PLLA treatment for aesthetic indications. The search strategy was performed in 
MEDLINE (Ovid). The electronic literature search of five databases was performed, from the inception of the 
databases until 12th of February 2024. This was to identify randomized clinical trials that assessed PLLA 
treatment in adult individuals exhibiting facial aging and/or facial lipoatrophy. Risk of bias was assessed using 
the Cochrane Risk-of-Bias Tool for Randomized Trials (RoB 2). Eleven RCTs out of 1467 identified citations 
were included. Four studies showed increased dermal thickness, significant improvement in facial lipoatrophy 
severity and aesthetic clinical scores, after PLLA treatment with its effects sustained for at least 25 months. Two 
studies demonstrated the superiority of PLLA over injectable human collagen. Also, three studies showed 
positive results favoring PLLA when compared with PH gel in lipoatrophy severity, trans epidermal water 
loss, skin quality, elasticity, and patient satisfaction. All adverse events were mild-to-moderate in intensity, 
and the main ones worth noting were bruising, hematoma, tenderness, nodules, and edema. Five out of 11 
studies were considered as high risk of bias. The evidence on the effectiveness and safety of PLLA for facial 
rejuvenation is of low quality; thus, the reported high effectiveness, safety, and long-lasting effects for this 
purpose, should be further investigated. 

Keywords: poly-L-lactic acid; facial aesthetics; biostimulador; systematic review 
 

1. Introduction 

With the growing interest in facial rejuvenation and the consequent advancement in 
understanding the aging process, collagen bio-stimulators such us Poly-L-lactic Acid (PLLA)  have 
been prominent in the aesthetic market[1]. PLLA is a synthetic, biodegradable, biocompatible, and 
immunologically inert polymer belonging to the family of alpha hydroxy acids polymers[2]. Its 
mechanism of action occurs through the stimulation of neo-collagenases, by triggering a foreign body 
reaction to the injected material, resulting in a controlled cellular inflammatory response, which 
consequently activate fibroblast to produce autologous collagen[3]. This results in a natural and semi-
permanent correction of facial volume loss associated with aging[4].  

Historically, PLLA was first approved in Europe as a filler in 1999, under the trade name New-
Fill® (Biotech Industry SA). Then, in 2004, it was approved as Sculptra® (Dermik Laboratories, Sanofi 
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Aventis, USA) by the FDA (Food and Drug Administration) as a lipoatrophy treatment for people 
with human immunodeficiency virus (HIV), presenting high efficacy in the restoration of facial 
volume loss[5–7]. In 2009, it was also approved for correction of deep nasolabial folds and other 
wrinkles in HIV population and recently, in 2023, an extension of the indications was approved for 
the correction of fine wrinkles in the cheek region.[8,9]. In addition, PLLA (Sculptra Aesthetic®), has 
also been used for aesthetic indications in healthy patients, showing an extensive track record of 
efficacy and safety[3,8,10]. 

Therefore, PLLA is a recommended treatment for enhancing skin tightness due to aging. It is 
also effective for improving wrinkles, creases, scars, and other changes caused by aging and volume 
loss. Application in various layers like supraperiosteal, subcutaneous, and subdermal is advised for 
optimal results in facial rejuvenation by improving skin quality, firmness, and facial contour [11,12]. 

In addition, numerous clinical trials assessing its safety, effectiveness, and durability have been 
published. These studies included not only HIV populations, but also healthy individuals and 
reported that the majority of the studied volunteers were satisfied or very satisfied with the clinical 
results of PLLA treatment[6,8]. Notwithstanding,  it is important to assess the aforementioned 
studies, since most of them used different PLLA treatment protocols, mainly regarding the dilution 
process and the quantity of  PLLA applied, factors that certainly influence the efficacy, durability 
and adverse events of this bio-stimulator[13]. Thus, there is a necessity of a systematic synthesis of 
PLLA literature for aesthetic indications, to enhance its uses in clinical practice and to provide a 
guideline protocol. Based on this, the aim of this systematic review was to investigate the 
effectiveness, durability, and adverse events of PLLA treatment for aesthetic indications.  

2. Materials and Methods 

Protocol and Research Question  

This systematic review was registered beforehand in PROSPERO (the International Prospective 
Register of Systematic Reviews, #CRD42023472405). The research question was formed using the 
PICO framework[14], being an acronym for: P = Patients, I = Intervention, C = Comparison, O = 
Outcome. The population comprised of patients (P) with signs of facial aging and/or lipoatrophy, 
while the investigated intervention (I) was treatment with Poly-L-Lactic Acid for the restoration of 
tissue volume and facial aging. The outcomes (O) were the efficacy, durability and safety of PLLA 
and the comparison (C) were no treatment, placebo or another treatments for the aging face and/or 
lipoatrophy. The present systematic review followed the Preferred Reporting Items for The PRISMA 
Extension Statement for Reporting of Systematic Reviews Incorporating Network Meta-Analyses of 
Health Care Interventions (the PRISMA-P checklist)[15] (Supplemental file 1).   

The inclusion criteria were a) Randomized clinical trials; b) adult individuals (over the age of 
18) exhibiting of facial aging; c) adult individuals (over the age of 18) presenting facial lipoatrophy. 
The following exclusion criteria were applied: a) Studies that cannot be found in other languages 
other than English, Portuguese and Spanish; b) publications irrelevant to the research question; c) 
cross-sectional, case-control, and observational studies, editorials, letters, legal cases, interviews, 
case-series, case reports and reviews. 

Search Strategy and Selection Criteria 

The search strategy was created and executed in MEDLINE (Ovid) with the assistance of the 
librarians (LL) and (ELS) at the University Library at Karolinska Institutet. The search methods were 
reviewed by another librarian before the final searches. Together with authors RS and GDC, each 
search concept was identified using Medical Subject Headings (MeSH-terms) and free text terms. The 
Polyglot Search Translator[16] was utilized to translate the search into other databases. The final 
electronic search covered databases such as MEDLINE, EMBASE, CINAHL, and Web of Science from 
the inception of each database up to the 12th of February 2024. The duplication was carried out 
following the method by Bramer et al. (2016)[17]. Additionally, a step was included to compare digital 
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object identifiers (DOI) and search the reference-lists of the included studies. The complete search 
strategy for all databases is provided in Supplemental file 2. 

Selection of Studies  

To mitigate any potential bias during the study screening process, we utilized the web-based 
tool Rayyan[18]. This screening was conducted independently and in a blinded fashion by authors 
RS and FCS. In instances of disagreement regarding eligibility, these were resolved through 
discussions with author GDC, who took the final decisions. Once all discrepancies were resolved, 
authors RS and FS endeavored to obtain the full texts of the included and potentially eligible studies. 
Subsequently, these retrieved studies were thoroughly reviewed in full text by authors RS and FCS 
to ascertain their alignment with the inclusion criteria. Any disagreements were addressed through 
discussions with author GDC, as before. Additionally, we identified supplementary articles through 
citation searches. The full texts of the identified studies were then retrieved and reviewed in the same 
manner as previously described. 

Analysis of Risk of Bias  

Risk of bias and quality assessment of the included articles were performed using the Cochrane 
Risk-of-Bias Tool for Randomized Trials (RoB 2)[19]. This tool is composed of five domains: 
randomization process (D1), deviations from the intended interventions (D2), missing outcome data 
(D3), measurement of the outcome (D4) and selection of the reported results (D5). Each domain can 
be judged for risk of bias into three categories: low risk, some concerns or high risk. Two authors (AB 
and AC) evaluated the risk of bias for each study blinded and independently. In cases where conflict 
arose it was resolved by discussion with the author RP, serving as a judge. The individual quality 
assessment of each included study is presented in Table 1.  

Extraction of Data  

Following the risk of bias and quality assessment, data extraction was carried out. A data 
extraction form was devised, created (by authors RS, GDC), and pilot-tested independently on three 
randomly chosen studies by authors RS and MCS to ensure extraction consistency. The extracted data 
encompassed information on the characteristics of the included studies and participants, including 
author details, study type, diagnosis/criteria utilized, participant numbers, average age, gender 
distribution, doses of PLLA, dilution protocol, regions in which PLLA was injected, and details of 
randomized studies. Any discrepancies in the data extraction process were resolved by author GDC, 
acting as an adjudicator. 

3. Results 

Literature Search Outflow  

The entire literature search from all databases provided 2,586 citations, of which 1,119 were 
overlaps (Figure 1). Thus, 1467 citations were evaluated for eligibility. The title and abstracts of those 
articles were then screened which resulted in an exclusion of 1412 articles, leaving 55 full text that 
were sought for retrieval, of which all of them were successfully retrieved. Out of this 55 full-texts, 
44 full-texts did not meet the inclusion criteria and were excluded. Then, 11 full texts were included 
in this systematic review, all randomized controlled studies (RCTs) (Table 1). 
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Figure 1. The figure illustrates the PRISMA flow-chart of the database search strategy. 
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Table 1. Table illustrating the extracted study characteristics of the eleven included studies. 

Authors, year Population (P) Intervention (I) Comparison (C) Outcomes (O) Study design (S) 

Moyle, et al 2004 

N= 30 (15 in each group) 
 

Sex: 2 women; 28 men 
 

Age:  mean 41.7 
 

Subjects: HIV-related facial 
lipoatrophy 

G1 - immediate: three, PLLA 
(Newfill TM) bilaterally 

injections session on day 1, 2 
and 4W later. Total, 4–

5mL/session    
 

D: not described  
               

F: 24W           
 

A: facial photography, facial 
ultrasound, perceived 
changes in body shape 

(VAS) and HADS 

G2 – delayed: three, 
PLLA (Newfill 

TM) bilaterally 
injections sessions 

on W 12, 14 and 16. 
Total, 4–5mL. per 

session 
 
 

A significant increase of dermal 
thickness in injected regions and in 
self-assessment scores was found in 
G1 compared to G2 at week 12. No 

differences in dermal thickness were 
observed between the groups at 

week 24. 
The severity score of lipoatrophy 

declined in both groups. 
 

AE:  bruising and limited superficial
local cellulitis. 

Randomized, open 
label 

Moyle, et al. 2006 

N= 27 (G1: n=13; G2: n=14) 
 

Sex: 2 women; 25 men mean 
  

Age: mean 41 years 
 

Subjects: HIV-related facial 
lipoatrophy 

G1 - immediate: PLLA 
(Newfill TM), three 

bilaterally injections session 
on 1, 2 and 4W. Total, 4–

5mL/session 
 

D: 2 mL/sterile water and 
1mL/lidocaine 

 
F: 2 years 

 
A: perceived changes in 
body shape (VAS) and 

HADS 

G2 – delayed: three, 
PLLA (Newfill 

TM) bilaterally 
injections sessions 
on 12, 14 and 16W. 

Total, 4–5mL/session 
 

Patients’ self-perceived facial 
thinness was significantly more 

positive after 2 years than at baseline 
in both groups. Also, both groups 

were less depressed and anxious at 
the 2 years recall visit than at 

baseline. However, these 
improvements only reached 

statistical significance for depression 
in the delayed group. 

                   
AE: From baseline to 2 years, 112 
treatment AEs were reported and 
classified as mild, moderate and 

severe in intensity in 44, 47 and 7% 
of cases, respectively. A single case 

Randomized, open 
label 
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of injection-site induration and nine 
cases of injection-site nodules were 

noted at the 2 years recall. 
 

Carey, et al 2007 

N= 100 (G1 n=50; G2 n=50) 
 

Sex: 8 women; 92 men  
 

Age: mean 49.8 
 

Subjects: HIV-related facial 
lipoatrophy and 

immunocompetent 
 

G1 – immediate: PLLA 4 
bilaterally injection sessions 

at 2W interval. 
5mL/side/session 

 
D: 5 mL/sterile water  

 
F: -1,1,3, 5, 7, 12 and 24W 

 
A: CT and MBSRQ-AS 

 

G2 – delayed: PLLA 
bilaterally injections 

after 24W 
 
 
 

PLLA did not increase FSTV.  
At 24W FSTV scores do not differ 

significantly between groups. 
Facial lipoatrophy severity was 

improved in (90%) in G1 compared 
with 18% G2 at 12 and 24W. 

MBSRQ-AS scores were improved in 
G1 compared with G2 at 12 and 

24W. 
 

AE: 96% of patients experienced at 
least 1 procedure/product-related 
AE, like pain/discomfort, localize 

edema, and erythema. Most events 
were grade mild or moderate and of 

short duration. At 24W, 
noninflammatory nodules and  

papule were reported in 6 
participants. 

Randomized, open 
label, multicenter 

 

Brandt, et al. 2010 
 
 

N= 233  
 

Sex: 220 women; 13 men 
 

Age: mean 51.4   
 

Subjects: Immunocompetent 

G1: PLLA ( Sculptra), 1 to 
4 bilaterally injection 

sessions at 3W interval. 
Maximum of 2.5mL/side or 

5mL total/session 
 

D: 5 mL/sterile water, 2 
hours before injection  

 

G2: Human collagen 
(CosmoPlast), 1 to 
4 bilaterally injection 

sessions of 
1mL/side, at 3W 

intervals 
 

G1 reported a significant higher 
improvement in IGE through all the 

follow-ups, compared to G2.   
 

AE: G1 demonstrated a favorable 
safety and tolerability profile 

comparable to G2. The majority of 
AE were of mild to moderate in 
intensity (papules and nodules). 

Randomized, single-
blinded, multicenter 
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F: 3W; 3, 6, 9, 13M 
 

A: IGE 

Narins, et al. 2010 
 

N= 233 (G1: n=116; G2: n=117) 
 

Sex: 220 women; 13 men  
 

Age: mean 51.4 years       
 

Subjects: Immunocompetent 

G1: PLLA (Sculptra), 1 to 4 
bilaterally injection sessions 
at 3W interval. Maximum of 

2.5mL/side or 5mL 
total/session 

 
D: 5 mL/sterile water, 2 
hours before injection  

 
F: 3W; 3, 6, 9, 13,19 and 25M 

 
A: Photography and WAS 

scale 
 

G2: Human collagen 
(CosmoPlast), 1 to 
4 bilaterally injection 
sessions of 1mL/side 

at 3W intervals 
 

A significantly improvement in the 
mean change from baseline in WAS 
score was reported for G1 compared 

to G2 at 13-month follow-up. 
Improvements (up to 25 months) 

were significantly greater just in G1. 
 

AE:  The majority were mild to 
moderate in intensity and self-

limiting.  Higher incidence of AEs 
was reported on  the collagen group 
(63.2%) compared with the injectable 

PLLA group (53.4%). 
 

Randomized, single-
blinded, multicenter  

Brown, et al 2011. 
  

N= 233 (G1 n=116; G2 n=117) 
 

Sex: 220 Women; 13 men  
 

Age: mean 51.4      
 

Subjects: nasolabial fold wrinkles 
 

G1: PLLA ( Sculptra), 1 to 
4 bilaterally injection 

sessions at 3W interval each. 
Maximum of 2.5mL/side or 

5mL total/session      
 

D: 5 mL/sterile water, 2 
hours before injection  

 
F: 3W; 3, 6, 9, 13,19 and 25M 

 
A: SGE, SS 

 

G2: Human collagen 
(CosmoPlast), 1 to 
4 bilaterally injection 
sessions of 1mL/side 
at 3W intervals each 

 

Aesthetic improvement in G1 was 
maintained overall above 90% at the 
13M follow-up and above 81% at 19 
and 25M follow-ups. In contrast, G2 

declined to 15% at 13M. 
In G1, the proportion of subjects 
with good to excellent SS scores 

remained above 84% throughout the 
follow-up periods, while in G2, 

subjects with good to excellent SS 
scores decreased progressively until 

the 13M follow-up. 
 

 
Randomized, parallel, 

multicenter 
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AE: The most common AEs were 
injection-site erythema, pain and 

pruritus in both groups.  
Product-related application-site 

papules and nodules were found in 
both groups after 13M, decreasing in 
G1 at 25M. All events were of mild 

to moderate intensity. 

Lafaurie, et al 
2012 

N= 148  (G1: n=73; G2: n=75) 
 

Sex: 10 women; 138 men 
 

Age: mean 47 years 
 

Subjects: HIV-related facial 
lipoatrophy 

 

G1: PLLA (Newfill TM), 3 
to 7 injection sessions of 

every 4W until 24W 
 

D: 4 mL/sterile water and 
1mL/lidocaine, 2 hrs before 

injections 
 

F: 96W 
 

A: VAS, photographic 
images, MOS-HIV  

G2: PH 
(Eutrophill®) gel  

A significant improvement from 
baseline in lipoatrophy severity in 
both groups at week 48 and 96 was 

found.  
No significant differences were 

found in patients satisfaction scores 
and lipoatrophy severity between 

treatments at 48 and 96 weeks.  
 

AE: Bleeding, hematoma at injection 
site, vagal hypertonia during 

injections, and edema post-injections 
were reported in both groups and 

considered mild or moderate.  
Subcutaneous nodules were reported
in 41% and 37% of cases in the PLLA 

and PH.  

Prospective, 
randomized, single-

blinded non inferiority 

Bohnert, et al 
2019  

 

N= 40 (G1 n=20; G2 n=20) 
 

Sex: women  
 

Age: 30–60   
 

G1: PLLA (Sculptra 
Aesthetic) 3 bilaterally 

injection session at intervals 
of 4W. 5 to 

6mL/side/session. 
 

G2: Saline Solution 

All skin quality assessments  
were significantly improved at the 
12M visit in G1 compared with G2. 

Patient satisfaction was higher in G1 
compared with G2 through all the 

study. 

Randomized, 
controlled, double-

blinded, multicenter  
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Subjects: shallow to deep 
nasolabial fold, other facial 

wrinkles  
 

D: 5mL/sterile water 24h 
before injections, after this 

2mL/sterile water. 
Immediately before 

injections, 2mL/1% lidocaine 
was added. Total of 9 mL.  

 
F: 6, 9 and 12M 

 
A: Skin Quality Rating 

(VAS), Subject Satisfaction,  
Standardized Photography, 

Skin Physiology 
(Corneometer, Tewameter 

and Cutometer). 

At the 12M follow-up, the G1 
exhibited a greater reduction in  

trans epidermal water loss compared 
to G2.  

Elasticity significantly increased in 
G1 compared with G2 in all follow-

ups. 
 
 
 

AE: No adverse events related to the 
treatment were reported. Temporary 
mild swelling was reported in three 

patients. 

Palm, et al  
2021 

 

N= 80  
 

Sex: 76 women; 4 men 
 

Aged: mean 51.5 
 

Subjects: deficiencies in 
nasolabial contour  

G1: PLLA (Sculptra 
Aesthetic), up to 4 

injections sessions with 4W 
intervals. Maximum volume 

9 ml/session (4.5mL per 
nasolabial fold). 

 
D: 8mL/sterile water  and 1 

mL of 2% lidocaine 
hydrochloride. Total volume 
of 9 mL.  No standing time 

was required. 
 

F:  16, 24, 32, 40 and 48W 
 

A: WAS, GAIS, FACE-Q and 
a subject questionnaire. 

G2: PLLA (Sculptra 
Aesthetic), up to 4 
injections sessions 
with 4W intervals. 
Maximum volume 

5mL/session (2,5 mL 
per nasolabial fold). 

 
D: 5mL/sterile water. 

Two to 72 hours 
standing time.  

WAS scores were slightly higher for 
G2 than for G1 at earlier time points, 

however values were similar 
between the groups at 48W.  

GAIS scores showed that all subjects 
improved at all visits.  

Individuals in both groups were 
satisfied with the appearance of their 

nasolabial folds after 48W. 
 

AE: 11.9% in G1 and  33.3% in G2 
reported AEs related to the study 
product or injection procedure.  

The most common AEs were 
headache, rhinorrhea, and perioral 

hypoesthesia, all of mild intensity in 
the treatment group.  

Randomized, single-
blinded, multicenter  
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Han, et al.  
2023  

 
 

N= 55 (G1 n=55 ; G2 n=55 ) 
 

Sex: 48 women; 7 men 
 

Age: mean 53.8     
 

Subjects: nasolabial folds 
wrinkles  

 

G1: PLLA (Sculptra) a 
maximum of 1mL. 

Optionally, touch-up 
injection at 6W  

 
 

D: 8mL/sterile water 12 
hours before injection. 

 
 F: 0, 2W, 3 and 6M 

A: WSRS score, and GAIS  

G2: PLLA (GANA 
V), a maximum of 
1mL. Optionally, 

touch-up injection at 
6W  

D:15mL/sterile  
 

WSRS scores showed a significant 
improvement for G2 and no 

improvements in G1 after 6 months. 
No significant differences were 

observed between the two groups in 
GAIS scores in all follow-ups. 

A higher satisfaction score in the 
immediate outcome assessment, was 

reported in G2 compared with G1. 
G2 has an acceptable 6M 

effectiveness compared with G1, 
which is in line with the establoished 

non-inferiority margin 
 

AE: Both groups experienced 
erythema, tenderness, firmness, 
swelling, bumps, bruising, and 
pigmentation. There were no 

significant differences in the rate of 
injection site reactions between the 

two groups. 

Randomized, double-
blind, non-inferiority, 
split face controlled  

Fabi, et al  
2024  

 
 
 
 

N= 149 (G1 n=97; G2 n=52 ) 
 

Sex: (144 women, 5men)  
 

Age: mean 60.7 
Subjects: moderate to severe 

cheek wrinkles. 
 

G1: PLLA-SCA (Sculptra ) 
1 bilaterally injection 
session, with 3 more 

injection sessions permitted 
at monthly intervals. 

 
D: 8 mL/ sterile water and 1 

mL/lidocaine(2%)  
 

F: 7, 9, and 12M  

G2:  No treatment 
 
 

GCWS scores at rest and dynamic 
was significantly higher in 

G1compared to G2 at 7, 9, 12M GAIS 
scores showed responders to 

treatment just in G1 through all the 
study. 

FACE-Q scores showed a significant 
increase in G1 in all follow-up points 

when compared with G2. 
 

Randomized, single-
blinded, no-controlled 
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A: GCWS, GAIS, and FACE-

Q questionnaire 
 

AE: The most common post-
treatment symptoms were 

tenderness, bruising, swelling, and 
pain, being mild to moderate in 

intensity. The most common 
treatment-related AEs included 

injection site bruising, dizziness, and 
headache. No serious treatment-

related AEs were reported. 
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Studies Results 

Efficacy and Durability of PLLA: Immediate x Delayed Protocol 

Some studies used an immediate or delayed protocol for PLLA injection. As for short follow-up 
(up to 12 weeks), some studies found a significant increase of dermal thickness in injected regions 
and in self-assessment scores for the immediate group, compared to the delayed[6], but no differences 
at week 24. The severity score of lipoatrophy was declined in both groups after 2 years[6],  as well 
as patients’ self-perceived facial thinness was significantly more positive for both groups, leading to 
less depression and anxiety; moreover, PLLA’s positive psychological and physical effects persisted 
for at least 18 months[20] .Conversely, some studies found a significant improvement in facial 
lipoatrophy severity[5], MBSRQ-AS scores[5], aesthetic improvement[21], and SS scores[21] for the 
participants in the immediate group protocol. In addition, Brown et al.21 found that individuals 
receiving injectable PLLA maintained aesthetic improvement for up to 25 months. 

PLLA x Human Collagen 

Two studies compared the use of PLLA with injectable human collagen. In both, the PLLA 
demonstrated statistically significant improvements from baseline in WAS score2 and in IGE through 
all the follow-ups[10], being superior to human collagen. 

Other Comparisons 

PLLA was compared with polyacrylamide hydrogel (PH) gel by Lafaurie et al (2012)[22]. A 
significant improvement from baseline in lipoatrophy severity was found in both groups at week 48 
and 96, with no significant differences in patients satisfaction scores[22]. When compared to saline 
solution (placebo), participants receiving PLLA had significantly improved skin quality at the 
12month-visit, and greater reduction in trans epidermal water loss, higher elasticity, and higher 
satisfaction through all the follow-ups[3]. Moreover, this improvement was also found when 
comparing PLLA with no treatment[8]. Participants receiving PLLA had higher GCWS scores at rest 
and dynamic, increased GAIS scores, and significant increased FACE-Q scores in all follow-up[8]. 

Adverse Events 

Most studies reported mild-to-moderate intensity adverse events, such as bruising, bleeding, 
tenderness, firmness, injection-site hematoma, erythema, pain, pigmentation and pruritus, limited 
superficial local cellulitis, headache, rhinorrhea, perioral hypoesthesia, dizziness, vagal hypertonia 
during injections, and edema post-injections[5,6,8,21–24]. Additionally, Moyle et al.[20] reported that 
7% of adverse events were severe in intensity: one case of injection-site induration and nine cases of 
injection-site nodules, which were noted at the 2 years recall. Subcutaneous papules and nodules 
were also reported in shorter follow-ups in some studies[5,10,21], being presented in 41% of the 
studied population in the study conducted by Lafaurie et al.[22]. 

Studies comparing PLLA and human collagen concluded that higher incidence of adverse events 
were reported on the collagen groups compared with the injectable PLLA groups[2,10]. Further, only 
one study reported no adverse events related to the treatment[3], stating that just three patients had 
temporary mild swelling.  

Dilution Protocol 

Only one study tested dilution protocol for PLLA (Sculptra). Palm et al.[23] evaluated two 
protocols to dilute PLLA: 8mL/sterile water + 1 mL of 2% lidocaine hydrochloride, totaling 9 ml of 
product, with no standing time was required (experimental – G1). The control group (G2) received 
PLLA diluted in 5ml of sterile water only, with a standing time from 2 to 72 h. The amount of product 
injected was also different: for G1, 4.5mL per nasolabial fold; as for G2, 2.5 mL per nasolabial fold. In 
the last follow-up (48 weeks), both groups presented similar results for WAS, GAIS, and satisfaction 
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with results. The remaining studies presented varied protocols according to what was prescribed by 
manufacturers by the time of data collection (which has changed over the years). 

Quality Assessment 

None of the included studies were considered as having low risk of bias. Five articles were 
considered as having high risk of bias as not fulfilling the criteria for the topic “deviation from 
intended intervention” (D2)[5,6,8,20,23]. The risk of bias of the remained six articles was considered 
as some concerns [2,3,10,21,22,24]. Further, most of the studies presented some concerns regarding 
the “randomization process” (D1) and for “selection of the reported of results” (D5) all manuscripts 
were considered as presenting “some concerns” related to the risk of bias (Table 2). 
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Table 2. Table summarizing quality assessment and risk of bias. 

Author, year 
Randomization  

Process 
Deviations from  

Intended Interventions 
Missing Outcome 

Data 
Measurement of  

the Outcome 
Selection of the Reported 

Results 
Overall 

Moyle et al., 2004 Some concerns High risk Low risk Low risk Some concerns High risk 
Moyle et al., 2006 Some concerns High risk Some concerns Some concerns Some concerns High risk 
Carey et al., 2007 Some concerns High risk Low risk Low risk Some concerns High risk 
Brandt et al., 2010 Some concerns Low risk Some concerns Some concerns Some concerns Some concerns 
Narins et al., 2010 Some concerns Some concerns Low risk Low risk Some concerns Some concerns 
Brown et al., 2011 Low risk Some concerns Some concerns Some concerns Some concerns Some concerns 

Lafaurie et al., 2013 Low risk Some concerns Some concerns Some concerns Some concerns Some concerns 
Bohnert et al., 2019 Low risk Low risk Some concerns Low risk Some concerns Some concerns 

Palm et al., 2021 Some concerns High risk Low risk Low risk Some concerns High risk 
Han et al., 2023 Low risk Low risk Some concerns Low risk Some concerns Some concerns 
Fabi et al., 2024 Some concerns High risk Low risk Low risk Some concerns High risk 
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4. Discussion 

The primary findings of this systematic review indicate that PLLA is a highly effective and long-
lasting treatment for facial aesthetics. Its effectiveness surpasses all other substances it was compared 
to, being a safe treatment, as most adverse effects were mild to moderate and resolved spontaneously. 
However, it is important to note that these results are mainly based on low-quality evidence. 

The reported high efficacy of PLLA in all the included studies could be explained by its 
composition and mechanism of action that favors neocollagenesis. PLLA is an enantiomeric polymer 
of lactic acid, that is part of the alpha-hydroxy acids family, being biocompatible and biodegradable 
in nature. Its particles have an average size of 52 µm (40 µm to 63 µm),  plate-shaped, non-porous, 
which accounts for their lower degradation rate when injected into tissues[25,26]. This slower 
degradation favors the process of neocollagenesis for a longer period. This process begins with the 
immune cells recognizing PLLA particles as foreign bodies resulting in a controlled cellular 
inflammatory response, in which monocytes are recruited and transform into macrophages, then fuse 
to form giant cells, recruit fibroblasts, and increase the levels of TGF-β1 and tissue inhibitor of 
metalloproteinase 1 (TIMP1), promoting the deposition of type I and III collagen. This process 
contributes to increase collagen production in the area treated with PLLA, resulting in firmer, thicker, 
and more elastic skin[25,26]. 

PLLA is made available in the form of a lyophilized powder in a sterile vial also containing non-
pyrogenic mannitol (which improves the lyophilization of the particles), croscarmellose (an 
emulsifying agent that maintains particle distribution after reconstitution)[26]. Over the years, the 
process of reconstituting PLLA particles has been revisited[27]. In addition, most of studies included 
in this review presented varied reconstitution protocols. However, it is important to highlight that 
the reconstitution instructions of PLLA have changed according to the time of which the studies were 
performed, following the manufacturer’s instructions at each specific time. Initially, with 
NewFill®/Sculptra®, reconstitutions were carried out with a total volume of 5 mL[27]. In the present 
study, the most common reconstitution protocols were using 5 mL or 8 mL of sterile water. 
Notwithstanding, when these reconstitution protocols were compared no significant differences were 
found in the efficacy of PLLA[23]. Additionally, the efficacy remains unchanged whether 
reconstituted immediately or 24 to 72 hours before the procedure[27]. The resting period of 24 to 72 
hours was considered necessary to hydrate the PLLA molecules, forming a homogeneous suspension 
with carboxymethylcellulose (CMC) without the formation of lumps. However, recent studies have 
shown no statistical differences between performing the reconstitution at 72 hours and immediately, 
without altering clinical efficacy. Therefore, based on the results of the included studies, we might 
confirm that the efficacy of PLLA is not altered by both the reconstituted volume and reconstitution 
time before injection procedure[27]. 

Since PLLA particles are not amorphous, they easily agglomerate with the excipient CMC, 
commonly leading  to needle and cannula blockages making injection process difficult and the 
formation of nodules after applications, which was one of the most common adverse effects related 
to the product found in this study. To prevent nodules formation, post-application massages were 
recommended to avoid these complications, as the mechanical process dissolves potential nodules 
that may form[3]. The chance of nodule dissolution is higher when performed after application, even 
though a proper protocol has not been reported. Importantly, the most prevalent adverse effects 
reported in this review are related with the injection procedure and patients’ following post-injection 
recommendations, and not to PLLA per se. Furthermore, despite the fibroplasia process caused by 
PLLA influencing aesthetic outcomes, there is no evidence of residual fibrosis[4], insignificant 
amounts of degradation residues are found in vital organs, and the product is completely eliminated 
within 18 months, which demonstrates its safety[28]. However, only one study was considered free 
of treatment-related adverse events[3]. 

The global market for PLLA is undergoing substantial growth. In 2023, the market size for PLLA 
fillers was estimated to be approximately $268.1 million, with Scultra® being the front leader in the 
market[29]. In addition, among the included studies, all were conducted with the commercial PLLA 
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product Sculptra®/NewFill®, confirming the predominance of these products in the available data. 
Only one study used a different product, GANA V®, to verify non-inferiority, compared with 
Sculptra®[24]. Although both products are composed of PLLA, they have different physicochemical 
properties, resulting in distinct particle shapes which can influence their clinical responses, 
durability, and adverse effects. Due to the limited literature on GANA V®, more studies are needed 
to prove its efficacy, durability, and safety, as well as to evaluate its polymeric chemical composition. 

The quality of the evidence presented in this systematic review should be carefully considered 
when interpreting the results. Although PLLA has demonstrated significant efficacy and an 
acceptable safety profile compared to other substances, most of the included studies were classified 
as having high or moderate concerns regarding the risk of bias. Additionally, the lack of consistency 
in evaluation methods and clinical protocols limit the robustness of the conclusions. Therefore, even 
though PLLA treatment for facial aesthetic is increasing in clinical practice, it is essential to develop 
higher-quality clinical trials including objective and subjective assessments to confirm the findings 
presented in this systematic review. 

Study Strengths and Limitations 

The following measures were taken in order to minimize bias. The literature search was 
performed in several databases with the help of search experts. The article selection process and the 
risk of bias assessment was performed by two blinded authors independently to prevent bias, 
ensuring that each other’s decisions would not be a factor of influence. Another strength of this 
systematic review is the inclusion of only RCTs. However, this could also be seen as a limitation, as 
the included RCTs exhibit methodological flaws that prevent them from being considered high 
quality. Also, a quantitative analysis was not feasible since the outcomes and assessment of the 
included studies were diverse. In addition, there were substantial variations in PLLA reconstitution 
and administration protocols, which impacted the comparability of results. Also, the relatively low 
number of included studies (11) could be considered a limitation for this review. 

Clinical Implications and Generalizability   

The results of this study indicate that the clinical response to PLLA in both HIV patients and 
general patients for aesthetic purposes seems to be high. Both professional and patient evaluations 
are positive in almost all studies, indicating a significant improvement in dermal thickness and 
aesthetic perception. However, it is necessary to interpret these results with caution since all studies 
demonstrate gaps that reveal strong risks of bias, preventing a rigorous assessment of the real effects 
of PLLA-based biopolymers and complete recommendations for clinical practice.  

Future Applications 

To confirm the efficacy and safety of PLLA in facial aesthetic treatments, future high-quality 
studies should be conducted with high methodological rigor and impartiality. These studies should 
adopt standardized methodologies and ensure proper randomization and blinding processes, which 
were the major limitations of the included studies. These recommendations are necessary to reduce 
the risks of bias in future RCTs, and to stablish validated clinical protocols to provide robust and 
reliable evidence base on the clinical effects of PLLA.  

5. Conclusions 

PLLA demonstrated to be a highly effective and long-lasting treatment for facial aesthetics with 
a reasonable safety profile. However, all findings are supported by low-quality evidence. 

Supplementary Materials: The following supporting information can be downloaded at the website of this 
paper posted on Preprints.org, S1: Prisma Checklist; S2: Search strategy in different databases. 
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