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Exploring the synergistic effects of poly-Il-lactic acid (Sculptra®) and
retinoic acid (tretinoin) in facial rejuvenation treatment for age-related
skin laxity

Kuo-Liang Liao and Kuo-Hsiang Liao*
Sin-An Cosmetic Clinic, Taipei, China

Abstract: To investigate the synergistic effects of Poly-L-Lactic Acid (PLLA) and Retinoic Acid (RA) on age-related
skin relaxation in the treatment of facial rejuvenation. 120 patients received facial rejuvenation treatment at Sin-An
Cosmetic Clinic Hospital from April 2022 to August 2023 were divided into control group (n=42) and observation group
(n=78). Both groups were treated with RA and observation group was added with PLLA. The outer corner wrinkles and
lower eyelid wrinkles, nasolabial wrinkles, self-perception ratings of skin effects and adverse reactions incidence were
compared between both groups. After treatment, the total improvement rates of outer eye corners, lower eyelid wrinkles
and nasolabial folds, the improvement rate of the overall aesthetics of the mid-face, the scores of skin elasticity, water
content, skin colour, pores and other skin conditions of the observation group were significantly higher than the control
group and the scores of oil secretion and dark spots were significantly lower than the control group (P<0.05). The
incidence of adverse reactions in the observation group was lower than the control group, but the difference was not
significant (P>0.05). Combined treatment can improve patients' skin condition and promote facial rejuvenation, which

has high clinical application value.
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INTRODUCTION

Facial rejuvenation treatment has always been an
important topic in the field of medical cosmetology,
especially in the aging trend of the population today, this
topic is particularly urgent (Urdiales-Galvez et al.,
2023).With age, the skin will undergo a wvariety of
morphological and histological changes, including skin
relaxation, wrinkle formation, decreased elasticity and
pigmentation (Griffiths et al., 2023). These changes not
only affect the physical appearance of the individual, but
also often bring psychological and emotional distress.
Therefore, the exploration and development of effective
facial rejuvenation treatment has important clinical
significance and social value.

The aging process of skin is a complex biological process
involving the interaction of many factors (Ziai & Wright,
2022).Among them, the accumulation of glycosylation
products (AGEs) is an important factor leading to skin
sclerosis. AGEs will gradually accumulate in the skin
with age, causing the skin to harden and lose elasticity,
affecting the activity of fibroblasts and collagen synthesis
and increasing the oxidative stress of the skin (Nie et al.,
2022). In addition, the decline of mitochondrial function
and the increase of matrix metalloproteinases are also
important mechanisms of skin aging (Fisher et al.,
2024).Therefore, effective facial rejuvenation treatment
not only needs to intervene against these mechanisms, but
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also needs to comprehensively improve the overall state
of the skin through a variety of ways. In medical beauty
projects, there are more and more means to promote
collagen regeneration or remodeling through different
mechanisms to improve skin firmness, among which
Poly-L-Lactic Acid (PLLA) and Retinoic Acid (RA) are
two effective anti-aging ingredients. In recent years, the
treatment of facial rejuvenation has been widely
concerned and studied (Fisher et al., 2024; Milosheska &
Roskar, 2022).

PLLA, one of the main components of Sculptra, is a
biodegradable and biosoluble synthetic polymer derived
from the alpha-hydroxy acid family (McCarthy et al.,
2024).After PLLA is injected into the skin, it can induce
fibroblasts to produce an immune response and promote
the synthesis and secretion of collagen, thereby improving
the texture and appearance of the skin (Dong et al., 2024).
Multiple studies have shown that PLLA injections can
significantly improve facial wrinkles and skin sagging
and is a safe and effective facial rejuvenation treatment
(Christen, 2022). RA is a derivative of vitamin A and is
widely used in the field of dermatology and cosmetology.
As the gold standard anti-aging drug, it mainly improves
skin elasticity and texture by penetrating into the inner
layer of the skin and promoting the production of collagen
fibers and elastic fibers (Y. Wu et al., 2022). However, the
use of RA is also accompanied by certain irritants and
some patients are poorly tolerated, limiting its wide
application (Althwanay et al., 2024).
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Facial rejuvenation treatment is a complex problem

involving  multiple  disciplines, which  requires
comprehensive consideration of skin physiology,
molecular biology, materials science and aesthetic

medicine (Contini et al., 2023). PLLA and RA are two
potential facial rejuvenation treatments and their
combined application may bring new treatment strategies
and clinical effects. However, there is a paucity of
research on the combined use of the two. Previous studies
have focused on monotherapy or the combination of other
facial rejuvenation tools, but systematic investigations
combining PLLA and RA are rare. The novelty of this
study lies in the fact that it is the first controlled clinical
trial to explore the synergistic effect of these two
components in facial rejuvenation treatment for age-
related skin laxity. This innovative attempt is expected to
break through the limitations of traditional monotherapy
and open up new treatment strategies. Through rigorous
trial design and collection of systematic clinical data, it
will provide a solid scientific basis for clinical
application, fill the research gap in this field and bring a
new development direction for facial rejuvenation
treatment.

MATERIALS AND METHODS

General information

Participants

A total of 120 patients who received facial rejuvenation
treatment in Sin-An Cosmetic Clinic Hospital from April
2022 to August 2023 were included and divided into
control group (n=42) and observation group (n=78)
according to different treatment plans. Among them, the
control group: 3 males, 39 females; The average age was
(51.2245.39) years, ranging from 46 to 58 years.
Observation group: 5 males and 73 females; The average
age was (53.06£5.21) years, ranging from 47 to 59 years.
There was no significant difference in gender, age and
other baseline data between the two groups, that is, they
were comparable.

Inclusion criteria

e Meet the needs of facial rejuvenation, such as loose
skin, more wrinkles, facial depression and other features,
GSP score>33 point.

o Age 45-60 years old.

o Informed and consented to this study.

Exclusion criteria

e History of allergy to the ingredients of the drug used in
this study.

e Acne, eczema and other skin diseases.

e Recent (within six months) experience in facial beauty
treatment, such as plastic surgery, laser treatment,
chemical peels, etc.

¢ Obvious scar or scar constitution.

o Impaired skin barrier or sensitive skin.

e Pregnant or lactating women.

Method

e Control group: Before using RA, patients need to
prepare their skin, such as cleaning their skin and
avoiding the use of other irritating cosmetics. Early low
concentration (0.025%) to establish tolerance, 2
times/week, applied to the face, the cycle of about 1
month. Later, replace the normal concentration (0.05% or
0.1%), apply every day or every other day and apply to
the face for about 5 months. The total treatment period
was 6 months. The dosage of RA is strictly in accordance
with the instructions. The same concentration of RA for
all patients is produced by the same manufacturer. RA:
National Drug Code H31020126, Manufacturer: Shanghai
Xinyi Yan'an Pharmaceutical Co. Ltd. Specification:
10g:2.5mg (0.025% concentration), 10g:5mg (0.05%
concentration), 20g:20mg (0.1% concentration).

e Observation group: PLLA injection treatment was
performed on the basis of the control group (injection was
performed after RA tolerance period was established) :
after ensuring the injection environment was clean and
sterile; PLLA powder was prepared into a uniform
suspension using 5 mL sterile water for injection and 18
G sterile needle and was left for 2 h to ensure that PLLA
powder formed a homogeneous suspension.. Before
injection, mark the injection point with a marker pen and
sterilize the injection area with a cotton pad. Use a 25G or
smaller needle for injection, using cluster injection or
cross injection (tunnel) technology; In group injection, the
amount of a single injection should be controlled in the
range of 0.05~0.3mL, depending on the injection site and
the doctor's judgment. When cross-injected, multiple
injections should be given at different points to ensure an
even distribution of the drug. A total of 4 injections were
completed in the total course of treatment, with a single
injection interval of 6 weeks (RA was not used within 3
days after injection) and the total treatment cycle was 6
months. Note: The PLLA powder used by all subjects was
produced by the same batch of manufacturers. After the
injection, the pateint should avoid sunlight or ultraviolet
exposure, so as not to affect the injection effect. This
experiment was approved by Sin-An Cosmetic Clinic
Hospital Ethics Committee.(No. 2022(036))

Observation index

Improvement of outer canthus and lower eyelid wrinkles
According to the guidelines of the Japanese Society of
Aesthetic Sciences (Akita ef al., 2014), The improvement
of outer canthus and lower eyelid wrinkles were assessed
and divided into 8 grades (grade 0 was smooth, grade 7
was deep static lines). The improvement degree is divided
into 4 levels: no improvement (level unchanged), slight
improvement (level increased by 1~2 levels), moderate
improvement (level increased by 3~4 levels) and
significant improvement (level increased by 5 levels or
more). The evaluation was performed by the same
experienced attending physician who was not involved in
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the injection. The attending physician is only responsible
for evaluation work and does not involve the patient's
injection therapy process.

Improvement of nasolabial wrinkles

The evaluation was performed by the same experienced
attending physician who was not involved in the injection.
Evaluate by Wrinkle Severity Rating Scale (WSRS) (Day
et al., 2004),The scale is divided into 5 levels: Level 1: no
visible creases; Level 2: mild wrinkling; Level 3:
moderately deep creases, disappear when stretched; Level
4: heavy and long and deep fold, < 2mm after extension;
Level 5: extremely heavy and long and deep folds,
stretching to see 2~4mm V-shaped folds. During follow-
up, a 1-grade reduction on both sides was considered as a
slight improvement, a 2-levels reduction as a moderate
improvement and a 3-levels reduction or more as a
significant improvement.

Overall aesthetic improvement of the middle face

The evaluation was performed by the same experienced
attending physician who was not involved in the injection.
Assessed by the Global Aesthetic Improvement Scale
(GAIS) (Narins et al., 2003), The scale is divided into 5
levels: Level 1: the improvement is very obvious; Level
2: the improvement is obvious but not as significant as
level 1; Level 3: There is some degree of improvement;
Level 4: No change; Level 5: Worse than before
treatment. During the follow-up, levels 1 to 3 were
regarded as improvement and the improvement rate was
the percentage of the improvement cases in the total
number of cases.

Skin condition test results

The evaluation was performed by the same experienced
attending physician who was not involved in the injection.
VISIA face detector was used to detect skin elasticity,
moisture content, oil secretion, dark spots, skin color,
pores and other relevant indicators of skin condition. Each
item scored 80 points. The higher the score of skin
elasticity, skin color, pores and water content and the
lower the score of oil secretion and dark spots, the better
the skin condition. (3 groups of repeated tests and the
results were averaged).

Self-sensory evaluation of patients

Patients themselves evaluated skin firmness, wrinkle
improvement, skin texture and overall effect before and
after treatment (X. Wu et al., 2022), The degree of
improvement is divided into 0 to 4 levels, which are
expressed as "no improvement", "slight improvement",
"moderate improvement", "significant improvement" and
"perfect improvement" in turn.

Incidence of adverse reactions
The patients were followed up for 6 months after
treatment and the occurrence of adverse reactions (allergy,
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redness/bruising, itching, dryness/peeling) in both groups
were counted.

STATISTICAL ANALYSIS

SPSS 22.0 was used for statistical analysis. Measurement

data were represented by ( X +s), T-test and counting data
were represented by n (%) and y’-test. P < 0.05 was
considered statistically significant.

RESULT

The improvement of outer canthus, lower eyelid

wrinkles and nasolabial furrows

After the last treatment, the total improvement rates of
outer canthus, lower eyelid wrinkles and nasolabial
furrows in the observation group (94.87%, 97.44%,
97.44%) were significantly higher than those in the
control group (78.57%, 80.95%, 73.81%) (}*=7.509,
9.710, 15.776, P < 0.05). (fig. 1)

Overall aesthetic improvement of the middle face

After the last treatment, the overall aesthetic improvement
rate of the middle face in the observation group (92.31%)
was significantly higher than that in the control group
(42.86%) (¥*=35.604, P < 0.05). (table 1)

Skin condition test results

After the last treatment, skin elasticity, moisture content,
skin color, pores and other skin status scores in the
observation group were significantly higher than those in
the control group (+=14.836, 10.635, 11.073, 13.525, P <
0.05). The scores of oil secretion and dark spot were
significantly lower than those of control group (#=9.331,
9.475, P <0.05). (table 2)

Self-sensory evaluation of medical patients

After the last treatment, the total improvement rates of
self-skin firmness, wrinkle improvement, skin texture and
overall effect in the observation group were significantly
higher than those in the control group (y*=12.420, 13.226,
11.729, 18.069, P < 0.05). (fig. 2)

Incidence of adverse reactions

The incidence of adverse reactions in observation group
(3.85%) was lower than that in control group (7.14%), but
there was no significant difference (P > 0.05). (table 3)

DISCUSSION

Skin relaxation is a natural physiological process with
age. The main causes include decreased collagen,
degradation of elastic fibers, water loss, thinning of fat
layers and muscle relaxation (Freytag et al., 2022). Facial
rejuvenation treatment is an important topic in the field of
modern medical cosmetology, especially for the treatment
of age-related sagging skin.
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Table 1: Comparison of overall facial aesthetic improvement between the two groups [n (%)]

Overall improvement

Groups Level 1 Level 2 Level 3 Level 4 Level 5 (Level 1 to 3) rate
Control
group(n=42) 0 3(7.14) 15 (35.71) 22 (52.38) 2 (4.76) 18 (42.86)
Observation
group(n=78) 19 (24.36) 32 (41.03) 21 (26.92) 5(6.41) 1(1.28) 72 (92.31)
b 35.604
P <0.001
Table 2: Comparison of skin status test results between the two groups [min, ( X £s)]
Index Control Observation ; P
group(n=42) group(n=78)
Skin elasticity Pre-treatment 29.89+3.87 28.70+4.23 1.513 0.133
Post-treatment 43.73+5.93" 63.79+7.60" 14.836 <0.001
Moisture content Pre-treatment 23.52+3.95 24.35+3.64 1.156 0.250
Post-treatment 32.70+3.85" 45.73+7.41" 10.635 <0.001
Qil secretion Pre-treatment 64.57+9.25 66.71+8.30 1.294 0.198
Post-treatment 54.52+6.72" 44.04+5.36" 9.331 <0.001
Dark spot Pre-treatment 70.56+8.47 68.75+10.18 0.983 0.328
Post-treatment 63.63+£9.73" 48.87+7.15" 9.475 <<0.001
Complexion Pre-treatment 29.28+4.11 29.10£3.98 0.234 0.816
Post-treatment 40.34+5.42" 55.19+7.72" 11.073 <0.001
Pore Pre-treatment 25.99+3.85 25.43+4.05 0.735 0.464
Post-treatment 37.58+4.64" 56.46+8.37" 13.525 <0.001
Note: Compared with before treatment, *P<<0.05.
Table 3: Comparison of the incidence of adverse reactions between the two groups [n (%)]
Group Allergy Redness/Bruising Itching Dryness/Peeling Totality
Control group(n=42) 1(2.38) 0 1(2.38) 1(2.38) 3(7.14)
Observation group(n=78) 1(1.28) 1(1.28) 1(1.28) 0 3 (3.85)
2 0.625
P 0.429

Back in 1999, PLLA was licensed and put on the market
in Europe as a new filler "newfill", while Sculptra was
also certified to treat skin wrinkles, scars, skin aging and
other symptoms (Munia et al., 2022). PLLA is widely
used in facial rejuvenation treatments due to its injectable
properties and slow degradation into carbon dioxide and
water in soft tissues (Wu et al., 2024). Sculptra was
approved by the U.S. Food and Drug Administration
(FDA) in August 2004 after a fast-track review for the
treatment of human immunodeficiency virus-associated
facial fat atrophy. Subsequent studies have further shown
that Sculptra can significantly increase the thickness of
the skin and the amount of tissue in the fat atrophy area of
the face and restore the fat atrophy area to its original
state, with good safety (Fabi & Braséter, 2023; Haddad e?
al., 2024).In China, Shanghai Xinsheng Medical Products
Co., Ltd. produces "Meso De" injection PLLA, which has
the same material, structure and composition as Sculptra.
It is mainly used for the correction of subcutaneous facial
fat and skin collagen loss and the elimination of facial

wrinkles and has passed the registration test of China
Drug and Biological Products Identification Institute.
Several clinical trials have investigated the effect of
PLLA in the treatment of facial rejuvenation (Lin & Lin,
2022; Xu et al., 2024). Previous studies have shown that
patients receiving PLLA injection filler therapy have
significant differences in skin improvement between
weeks 4 and 24 compared with the control group and have
long-term efficacy and safety (Sarubi et al., 2022).

Current studies have shown that RA has multiple anti-
aging mechanisms. On the one hand, it can reduce the
degradation of collagen by inhibiting the activity of
collagenase, which helps to maintain the normal structure
and elasticity of the skin; On the other hand, RA can also
reduce UV damage to the skin and prevent photoaging
(Kang et al., 2022). RA, as a clinically approved anti-
aging product, has been widely used in dermatology and
medical cosmetology fields. Its safety and efficacy are
supported by numerous studies. However, the use of RA
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also requires attention to its potential side effects, such as
dry skin, redness, peeling, etc., so it needs to be used
under the guidance of a professional physician
(Eichenfield et al., 2021). Although PLLA and RA have
each shown significant efficacy in the treatment of facial
rejuvenation, there has been relatively little research on
the synergies between the two. In theory, PLLA increases
dermal thickness by stimulating collagen production,
while RA improves skin elasticity and texture by
promoting elastin synthesis and skin cell regeneration.
When used in combination, the two may produce better
anti-aging effects.

This study is a clinical retrospective study and subjects
meeting the inclusion criteria will be divided into two
groups according to the different treatments received by
the patients: PLLA combined with RA treatment group
(observation group) and RA treatment group alone
(control group). Through the evaluation and follow-up
before treatment and after the last treatment and by means
of skin histology and imaging analysis, the improvement
of facial skin relaxation, wrinkles, elasticity, gloss and
fineness of the two groups of subjects was compared and
the synergistic mechanism of PLLA and RA combined
application was discussed. The results showed that after
the end of the last treatment, the total improvement rates
of outer canthus, lower eyelid wrinkles, nasolabial
wrinkles (WSRS) and middle face overall aesthetics
(GAIS) in the observation group were significantly higher
than those in the control group. In addition, the scores of
skin elasticity, moisture content, skin color and pores
were significantly higher than those of the control group.
The scores of oil secretion and dark spot were
significantly lower than those of control group. The
improvement rate of self-skin firmness, wrinkle
improvement, skin texture and overall effect in
observation group was significantly higher than that in
control group. Follow-up results showed that the
incidence of adverse reactions in the observation group
was lower than that in the control group, but there was no
significant difference.

Analysis of the results of this study

When PLLA is injected into the skin, its particles are
gradually coated by macrophages and lymphocytes,
triggering a mild subclinical inflammatory response in the
skin. This response is a natural repair mechanism of the
body that stimulates fibroblasts to produce new collagen,
mainly type I and Type III collagen. Type I collagen is the
most abundant type of collagen in the skin, which
increases skin's fineness and elasticity (Chen et al., 2023).
Type III collagen is mainly distributed between the
epidermis and dermis and acts as a subcutaneous scaffold,
which is related to the formation of static wrinkles in the
superficial layer of the face (Shahrajabian & Sun, 2024).
At the same time, PLLA also enhances the activity of
proline hydroxylase, which helps provide energy for
collagen synthesis. As a result, PLLA is able to rapidly

enhance the support structure and thickness of the skin,
significantly improving the elasticity and firmness of the
skin in the short term (Su et al., 2024). RA accelerates
skin renewal by regulating epidermal cell proliferation
and differentiation and stratum corneum metabolism and
helps reduce pigmentation, thereby improving skin
roughness and fine lines, uneven skin tone and dark spots.
At the same time, RA can also promote the recovery of
skin barrier function and the improvement of moisturizing
ability, so as to balance the secretion of oil on the skin
surface, reduce the accumulation of oil and improve the
problem of oily skin (Motamedi et al., 2022; Reynolds et
al., 2024).When RA is used in combination with PLLA,
the multiple functions of RA provide a better environment
for the collagen generated by PLLA, making the
generation and distribution of collagen more uniform,
promoting the repair and regeneration of skin tissue and
realizing its anti-aging effect (Lee et al., 2022). That is,
this complementarity makes the combination of the two
likely to have a better therapeutic effect. In addition, the
combined application of PLLA and RA may produce
synergies through some common mechanisms. For
example, both may improve skin condition by affecting
mitochondrial function and oxidative stress levels. The
injection of PLLA can promote the metabolic activity of
fibroblasts and increase the number and function of
mitochondria, thus improving the antioxidant capacity of
the skin (Sarubi et al., 2023).RA regulates intracellular
REDOX balance and reduces the production of reactive
oxygen species, thereby reducing oxidative stress in the
skin (Abed et al., 2023). Therefore, the combined
application of the two can also further improve the aging
state of the skin by co-regulating mitochondrial function
and oxidative stress levels.

This study explored the synergistic effect of PLLA and
RA on age-related skin relaxation in facial rejuvenation
through a controlled clinical trial. The results showed that
PLLA together with RA could significantly improve the
total improvement rate of outer canthus, lower eyelid
wrinkles and nasolabial wrinkles, improve the overall
aesthetic effect of the middle face, improve skin elasticity,
moisture content, skin color and pore state, reduce oil
secretion and dark spot scores and significantly improve
patients' self-perception evaluation and generally showed
high safety and effectiveness. The above results depend
on the synergistic mechanism of PLLA and RA, which is
mainly reflected in promoting the synthesis of collagen
and elastic fibers, regulating the proliferation and
differentiation of skin cells and improving skin barrier
function. These mechanisms work together to
significantly improve the physiological state and
appearance of the skin. Therefore, PLLA combined with
RA therapy has high clinical significance and application
value and is worthy of further research and application. In
future studies, we will further explore the optimal dose
and frequency of PLLA and RA, as well as the combined
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application with other anti-aging techniques, to further
improve treatment effectiveness and patient satisfaction.
Long-term follow-up results can also be looked at to
assess the durability and safety of treatment. Through
these studies, we hope to provide more accurate and
effective solutions for facial rejuvenation treatment,
bringing beauty and confidence to more patients.

This study has some limitations. The sample size was
relatively limited, which may bias the results and
adversely affect the extrapolation of conclusions.
Individual differences in patients' underlying discases
may also affect the generalisability of the findings. The
reliability of the results of the synergy between PLLA and
RA may be affected by the fact that there was no group
set up to use PLLA alone. Therefore, further expansion of
the sample size and development of precise assays are
recommended to more fully assess the efficacy and
synergistic effects of combination therapies.

CONCLUSION

In this study, we analysed the role of PLLA and RA on
age-related skin laxity in facial rejuvenation treatment,
with a view to providing a new reference basis for clinical
treatment. The results showed that after the combined
treatment, the skin condition of the patients was
significantly improved and facial rejuvenation was
promoted, along with a good safety profile, which is of
high clinical application value. However, this study has a
small sample size and a short follow-up period and failed
to observe the long-term effectiveness of this method of
treatment. Multi-centre, large-sample, high-quality
clinical studies can be continued for verification in the
later stage.
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