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Abstract: Dermal fillers have gained significant attention in the field of aesthetic medicine due to
their ability to restore volume and correct facial wrinkles. Even though such formulations have
similar compositions, they can have different microstructure and molecular characteristics, which
in turn affect the biodegradation profile. This study presents the results of an investigation of
the physicochemical characteristics of four dermal fillers from different manufacturers (Sculptra®,
Gana V®, AestheFill®, and Repart PLA®). The molecular and supramolecular characteristics of
polylactic acid (L/D isomer ratio, molecular weight, degree of crystallinity), the morphology and
size of PLA microparticles were determined. Hydrolytic degradation studies in phosphate buffer
revealed differences in the rate of molecular weight reduction in the polymer. The obtained data
may be important for the analysis and interpretation of the results of biological studies and clinical
outcomes of the PLA dermal fillers.

Keywords: biodegradable polymers; dermal filler; polylactide; microparticles

1. Introduction

Dermal fillers have found extensive application in the field of cosmetic dermatology
for the correction of facial folds and wrinkles, enhancement of facial skin quality, and
addressing other medical and aesthetic concerns. These preparations have a rich history
spanning over a century [1]. However, it is in the last two decades that dermal fillers
have gained remarkable popularity, thanks to the successful development of biocompatible
materials that offer a prolonged efficacy with minimal risks of complications. Fillers can
be categorized into temporary, permanent, and semi-permanent types based on their
biodegradability. Also, they can be classified according to their primary components, which
encompass collagen, hyaluronic acid, polylactic acid (PLA), poly(ε-caprolactone), calcium
hydroxyapatite, polymethylmethacrylate, polyacrylamide, and autologous fat cells [2].
Recently, the biocompatible and biodegradable polylactic acid [3,4] has drawn increasing
attention among cosmetologists, leading to a growing interest in biodegradable fillers based
on this polymer. The main mechanism of action of PLA-based fillers lies in their ability to
stimulate the production of new collagen through a moderate tissue response.

Fillers based on polylactic acid (PLA) typically comprise a mixture of PLA micropar-
ticles and auxiliary components, such as sodium carboxymethylcellulose and mannitol.
Despite the similar composition of these formulations, notable variations are often observed
in their practical applications, encompassing aspects ranging from the ease of injection to
the occurrence of complications. Previous investigations have indicated that the effective-
ness and safety of these fillers are closely related to the physicochemical characteristics
of the PLA microparticles present within them [5–7]. PLA degradation proceeds through
the scission of the ester linkages in the main chain of the polymer, which is induced by
hydrolysis due to the sorption of water in microparticles. In the human body, the soluble
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degradation products (lactic acid and its oligomers) are metabolized by the cells. The
rate of degradation has been found to be dependent on a range of factors, such as the
stereochemical composition of the polymer (L-to-D-isomer ratio), its molecular weight and
crystallinity, size, and morphology of the microparticles, pH, enzyme activity, and others.
The composition of the polymer and its molecular weight are among the key parameters.
The degradation profile of the filler determines the rate of lactic acid formation, which can
affect the activity of fibroblasts in the synthesis of collagen. Therefore, understanding the
differences in the biological effects of PLA-based fillers may lie in analyzing their physico-
chemical characteristics and comparing them with the results of in vivo experiments and
clinical outcomes reported in the literature. While the literature contains information on
the in vitro, in vivo, and clinical studies of some commercial products [8–11], there is a
significant lack of reports devoted to the analysis of their physicochemical characteristics.
Therefore, the aim of this study is to analyze the key characteristics and hydrolytic degrada-
tion of PLA microparticles in four commercial products: Sculptra®, Gana V®, AestheFill®,
and Repart® PLA.

2. Materials and Methods
2.1. Sample Preparation

The following polylactic acid-based fillers were studied: Sculptra® (Q-Med AB, Upp-
sala, Sweden), Gana V® (Gana R&D, Seongnam, Republic of Korea), AestheFill® (REGEN
Biotech Inc., Seoul, Republic of Korea), and Repart PLA® (Ingal, Moscow, Russia). The
composition and key parameters of the formulations claimed by the manufacturers in the
manual are presented in Table 1.

Table 1. Characteristics of the studied fillers claimed by manufacturers.

Filler
Composition Degradation

Period, MonthsMicroparticles Na-CMC Mannitol

AestheFill® 154 mg poly(D,L-lactic acid) 46 - 24
Gana V® 210 mg poly(L-lactic acid) 132 177 27.6

Repart PLA® 154 mg poly(D,L-lactic acid) 46 167.2 24
Sculptra® 150 mg poly(L-lactic acid) 90 127.5 24

As indicated in Table 1, the investigated formulations are mixtures of polymeric
microparticles and auxiliary components, namely sodium carboxymethylcellulose (Na-
CMC) and mannitol. To separate the microparticles from the auxiliary components, the
following procedure was performed. Firstly, a sample of the filler (100 mg) was suspended
in 2 mL of distilled water and vigorously shaken by vortex until a homogeneous suspension
was achieved. Next, the suspension was subjected to centrifugation at 5000 rpm for 5 min
to precipitate the microparticles. The supernatant containing water-soluble components
(Na-CMC and mannitol) was carefully decanted, and an equal volume of distilled water
was added. This process was repeated twice more to ensure the complete elimination of
water-soluble components. During the centrifugation of AestheFill and Gana V fillers,
along with the precipitate, a floating fraction was formed on the surface due to the porosity
of the microparticles. This fraction was also subjected to analysis. Finally, the washed
microparticles were flash-frozen in liquid nitrogen and freeze-dried to obtain dry powders
for further analysis.

2.2. Hydrolytic Degradation Studies

The PLA microspheres (120 mg) isolated from formulations were suspended in 10 mL
of phosphate-buffered saline (PBS) with pH = 7.4 and incubated at 37 ± 0.3 ◦C in a
thermostat incubator for a total period of 9 months. The AestheFill microparticles did not
form a homogeneous suspension in PBS; therefore, the degradation study of this sample
was conducted in distilled water. Samples were collected at 1, 4, 6, and 9 months after the
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start of the experiment. To determine the molecular weight and investigate the morphology
of the microspheres, the samples were frozen in liquid nitrogen and freeze-dried.

2.3. Nuclear Magnetic Resonance

To determine the chemical composition, the samples were dissolved in deuterated
chloroform, and the resulting solutions were analyzed using 1H nuclear magnetic resonance
(NMR) spectroscopy on a Varian-Agilent VNMRS 700 spectrometer.

2.4. Gel Permeation Chromatography

The molecular weight characteristics of the polymers were investigated using gel
permeation chromatography on a Knauer chromatographic system (Berlin, Germany)
equipped with a refractive index detector. The samples were dissolved in tetrahydrofuran
(5 mg/mL). The experiments were conducted at a temperature of 40 ◦C and with an
eluent flow rate (tetrahydrofuran) of 1 mL/min. The Agilent PLgel Mixed-C column was
calibrated using polystyrene standards.

2.5. Scanning Electron Microscopy

The morphology and size of the microspheres were investigated using a Phenom XL
scanning electron microscope (Thermo Fisher Scientific, Waltham, MA, USA) equipped
with backscattered and secondary electron detectors. The operating pressure was set at
0.1 Pa, and the accelerating voltage was 5 kV. To construct size distribution histograms
using the ImageJ software, the size of at least 700 particles was determined. In the case
of irregularly shaped particles, the size was determined based on the maximum distance
between their points. The size Dav is reported as mean size ± standard deviation.

2.6. Differential Scanning Calorimetry

Thermal properties and the degree of crystallinity of poly(L-lactic acid) were studied
using differential scanning calorimetry in dynamic mode on a Perkin-Elmer DSC 7 instru-
ment. The investigations were conducted in a temperature range from −20 to 200 ◦C with
a heating rate of 10 ◦C/min.

3. Results and Discussion
3.1. Molecular Structure and Crystallinity

Poly(lactic acid) (PLA) is a biocompatible and biodegradable polymer, wherein the
monomeric unit is lactic acid. This molecule exists in two stereoisomeric forms: L-lactic acid
and D-lactic acid. The polymers composed exclusively of L-lactic acid units are referred to
as poly(L-lactic acid) (PLLA), while those composed of D-lactic acid units are known as
poly(D-lactic acid) (PDLA). In case of an equal ratio of L-lactic acid and D-lactic acid, the
polymer is called poly(D,L-lactic acid) (PDLLA). The ratio of L- and D-units in PLA is a vital
characteristic as it governs the physicochemical properties and degradation profile [12].
Due to stereoregular structure, PLLA and PDLA exhibit crystallization ability, whereas
PDLLA is entirely amorphous. By manipulating the L-to-D-lactic acid ratio in PLA, the
biodegradation rate of the polymers can be controlled within a broad range, spanning from
several months to years. It is worth noting that the kinetics of biodegradation is influenced
by various other parameters, including molecular weight, the degree of crystallinity, shape,
size, porosity, and more [4]. Moreover, environmental conditions within the organism, such
as pH levels and the presence of enzymes, also significantly affect this process.

Composition. The composition of the polymer microspheres was determined using
1H nuclear magnetic resonance (NMR) spectroscopy; the spectra are presented in Figure 1.
The observed a and b signals correspond to the CH groups (chemical shift 5.15–5.25 ppm)
and CH3 groups (1.55–1.6 ppm) of polylactic acid, respectively. Upon closer examination
of the CH group region, it can be observed that the signals for the Sculptra and Gana V
samples exhibit quartets, which is indicative of poly(L-lactic acid). In contrast, the Repart
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PLA and AestheFill samples show a splitting of this signal (the appearance of additional
multiplets in the 5.20–5.24 ppm range), which is characteristic of poly(D,L-lactic acid).
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Therefore, the results of the NMR spectroscopy confirm that the stereochemical com-
position of the microspheres corresponds to the one claimed by the manufacturers. The
microspheres in Sculptra and Gana V are made of poly(L-lactic acid), while Repart PLA
and AestheFill consist of poly(D,L-lactic acid).

Crystallinity. It is known that, unlike amorphous poly(D,L-lactic acid), poly(L-lactic
acid) can crystallize. The presence of a crystalline phase in the polymer significantly influ-
ences the material’s properties, including its degradation rate, as water penetration into
polymer crystallites is hindered. Therefore, to determine the degree of crystallinity, the
Sculptra and Gana V samples were additionally studied by differential scanning calorime-
try (DSC). The DSC curves for the first heating cycle (Figure 2) exhibit endothermic melt-
ing peaks in the range of 120–180 ◦C for both samples, corresponding to the melting of
poly(L-lactic acid) crystallites. Two or even three melting peaks are observed, indicating
the presence of crystallites with varying degrees of imperfection. The total melting enthalpy
for the Sculptra and Gana V samples was found to be 60 and 67 J/g, corresponding to a
crystallinity degree of 64% and 72%, respectively. One can expect the slower degradation
for these microparticles in comparison with fully amorphous poly(D,L-lactic acid) analogs
since water penetration into a crystalline phase of material is hindered. On the curves of the
second heating, transitions corresponding to the polymer glass transition temperature are
clearly visible. It was observed at 57 ◦C for Sculptra and 50 ◦C for Gana V. Additionally, on
the curves of the second heating, exothermic crystallization peaks are observed in the range
of 100–130 ◦C, followed by melting peaks. Such a pattern is characteristic of poly(L-lactic
acid), which is capable of crystallization due to the stereoregularity of the polymer chain.
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Molecular weight. Another important parameter is the molecular weight of PLA. In
the study [6], the biological effect of fillers based on poly(L-lactic acid) with an average
molecular weight ranging from 32 to 290 kDa was compared. It was observed that the
inflammatory reaction was more prolonged for fillers based on higher-molecular-weight
polymers, while the level of inflammation was approximately the same for all samples.
Over the observation period of 13 months, the highest collagen production was found
for the PLA sample with a number-average molecular weight Mn (arithmetic average of
the molecular masses of the individual macromolecules) of 208 kDa. In this study, the
molecular weight characteristics of PLA in the investigated fillers were determined using
the gel permeation chromatography method. The obtained results are presented in Table 2.

Table 2. Composition and molecular weight characteristics of polylactic acid (PLA) in dermal fillers.

Filler Composition Mw, kDa Mn, kDa Ð

Sculptra Poly(L-lactic acid) 78 31 2.48
Gana V Poly(L-lactic acid) 114 47 2.45

AestheFill Poly(D,L-lactic acid) 80 39 2.03
Repart PLA Poly(D,L-lactic acid) 107 51 2.08

From Table 2, Gana V and Repart PLA exhibit a higher molecular weight (Mw~110 kDa)
compared to the samples of AestheFill and Sculptra (Mw~80 kDa). The dispersity (Ð),
which characterizes the width of the molecular weight distribution, is lower for the Aesthe-
Fill and Repart PLA. Overall, this can be considered as an advantage of these preparations
since a lower Ð provides a more controlled polymer degradation profile.

3.2. Size and Morphology of PLA Microspheres

The particle size of the filler should be sufficiently large (above 20 µm) to avoid
phagocytosis, yet small enough (below 100 µm) to easily pass through a needle. The
diameter and porosity of microspheres can influence the degradation kinetics of the filler
and its biological effects.
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AestheFill. Scanning electron microscopy (SEM) was employed to investigate the sizes
and morphology of the microspheres. Figure 3 presents SEM micrographs of AestheFill
without any prior preparation.
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Figure 3. Electron microscopy images of AestheFill without any prior preparation.

The images show microspheres with diameters ranging from 10 to 50 µm, immersed
in a matrix of Na-carboxymethylcellulose. This matrix complicates the analysis of micro-
spheres, so prior to further investigation, the removal of water-soluble components was
performed for all samples. SEM images of the isolated AestheFill microspheres, as well as
their size distribution, are presented in Figure 4. The particles exhibit a large surface area,
and their shape is close to spherical. The histogram depicting the size distribution of the mi-
crospheres demonstrates a single peak, with the average particle size of Dav = 27 ± 17 µm.
The parameter D90 indicates that 90% of all particles have a size of 47 µm or less, while the
parameter D10 suggests that 10% of the particles have a size of 8 µm or less.
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Figure 4. SEM images and size distribution of the isolated AestheFill microparticles.

To analyze the internal structure of the microspheres, an individual particle was sliced
using a focused ion beam, as shown in Figure 5. Within the cross-section of the particle,
irregularly shaped pores with sizes ranging from 2 to 5 µm are visible (pores are indicated
by arrows).
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top view (b).

The presence of internal pores in the microspheres is also confirmed by the fact that
upon centrifugation, the AestheFill suspension formed a floating fraction on the surface. A
smaller fraction of precipitate was also observed, likely consisting of less porous particles.
To construct a size distribution histogram, both fractions were analyzed.

Repart PLA. Figure 6 displays SEM images of the Repart PLA sample, revealing that
the microspheres exhibit a smooth surface and spherical morphology. The particle diameter
ranges from 5 to 80 µm. Based on the analysis of the images, it has been determined that
the size distribution of the particles is monomodal, and its size characteristics are similar to
those of the AestheFill. The average particle size Dav is 28 ± 16 µm, with D90 = 50 µm and
D10 = 10 µm.
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Unlike AestheFill, the Repart PLA microspheres exhibit a smooth surface and do
not contain pores. To analyze the internal structure of the Repart PLA microspheres, an
individual microsphere was sliced using a focused ion beam, as shown in Figure 7.
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The images of the cross-section presented in Figure 7 demonstrate the absence of
internal pores. The observed defects can be attributed to material degradation caused by
the ion beam. The absence of a floating fraction after centrifugation further supports the
assumption of a solid (non-porous) internal structure of the microspheres.

Gana V. Upon centrifugation, the Gana V sample separated into a sediment and a
floating fraction, similar to the AestheFill. As shown in the SEM images in Figure 8, the
particles exhibit an irregular shape and porous morphology. The analysis of the images
revealed that the particles in Gana V are larger compared to AestheFill and Repart PLA.
The average particle size Dav is 42 ± 22 µm, and the parameters D90 and D10 are 58 µm and
18 µm, respectively. The size distribution is monomodal.
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Sculptra. Figure 9 displays SEM images of the Sculptra sample. The particles exhibit
an irregular flat plate-like shape. They do not possess any visible pores, which is also
confirmed by the formation of only a sediment fraction after centrifugation.
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Figure 9. SEM images and size distribution of Sculptra microparticles.

The microspheres in Sculptra exhibited the largest size among the investigated fillers.
The average particle size Dav is 52 ± 29 µm, and the parameters D90 and D10 are equal
to 93 µm and 17 µm, respectively. The size distribution is relatively broad, with a small
fraction of particles having a diameter of 100 µm and above.

To summarize, the PLA microparticles in the studied fillers have different sizes and
size distribution, as well as different morphologies, which can be spherical or irregular
in shape, and either porous or non-porous. Normally, the more narrow size distribution
is preferred, since a fraction of too small (i.e., <20 µm) microparticles can be processed
by phagocytes, while a fraction of too large particles (i.e., >100 µm) can become stuck
in the needle during injection. Concerning the shape of the particle, the smooth regular
morphology might be more favorable, since particles with rough surfaces and irregular
shapes can cause a foreign body granuloma as a dominant characteristic of the long-term
biological response [13].
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3.3. Hydrolytic Degradation Studies

The degree and duration of the inflammatory reaction, as well as the stimulation of
collagen synthesis, depend on the degradation profile of PLA microspheres in the filler.
In the study [6], it was demonstrated that when the degradation of low-molecular-weight
poly(lactic-co-glycolic acid) or low-molecular-weight polylactic acid microspheres occurs
too rapidly, the inflammation subsides quickly, but the volume of newly synthesized
collagen is relatively small. A more pronounced neocollagenesis was observed for medium-
and high-molecular-weight PLA microspheres, which also exhibited a longer duration
of the inflammatory response. Therefore, the investigation of the degradation of PLA
microspheres is an important issue.

Hydrolytic degradation is one of the main mechanisms of polylactic acid breakdown,
leading to the cleavage of ester bonds in the polymer chains and a reduction in molecular
weight. According to a bulk degradation mechanism, water readily diffuses into the
microspheres, causing hydrolysis not only at the surface, but also throughout the particle
volume. The molecular weight of PLA decreases until the formed short chains (1 kDa and
below) become soluble in water. At the final stage, these oligomers are eliminated from the
particle, leading to its gradual dissolution and disappearance.

To study the degradation of microspheres, the samples were suspended in phosphate
buffer (distilled water for AestheFill) and incubated for 9 months at 37 ◦C. Samples were
taken at different time points to determine the molecular weight of PLA, which characterizes
the degree of degradation. The morphology of the microspheres was also investigated
using electron microscopy at the sixth month time point. The research revealed that for all
samples, except Gana V, the molecular weight distribution at all time points is monomodal
and gradually shifts toward lower molecular weights (Figure 10a,c,d), confirming the bulk
degradation mechanism.

Figure 10. Molecular weight distributions of PLA during the hydrolytic degradation of microparticles
in different fillers.

Starting from the first month, the molecular weight distribution of PLA in Gana V
microspheres shows a second peak in the region of lower molecular weights (~8 kDa) in
addition to the main peak (Figure 10b). Furthermore, the molecular weight distribution
significantly broadens during the degradation process. Already at the one-month time
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point, the dispersity (Ð) is 3.9, and at the six-month time point, it reaches a value of
4.3. Such a degradation pattern may be associated with the presence of regions that are
more susceptible to hydrolysis, such as the surface layers of the particles. These results
indicate a heterogeneous degradation accompanied by the formation of low molecular
weight oligomers of lactic acid from the early stages. Depending on the concentration of
these oligomers in the implantation area, such a degradation profile can be both a positive
and a negative factor. On the one hand, the increased concentration of acidic (-COOH)
groups at early stages may contribute to maintaining a moderate level of inflammation,
leading to an increased collagen production. On the other hand, an excessively high
concentration of lactic acid oligomers can cause acidification and an undesirably strong
inflammatory reaction. Only in vivo experiments can show how the observed degradation
profile specifically influences the biological effect of the Gana V filler.

In Figure 11, the absolute and relative (normalized to the initial) weight-average (Mw)
molecular weights of polylactic acid at different time points of degradation are presented.
Overall, the degradation rate increases in the following order: Sculptra, Gana V, AestheFill,
Repart PLA.
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Figure 11. Absolute (a) and normalized (b) weight-average molecular weight (Mw) of PLA during
the hydrolytic degradation of the microparticles over a period of 9 months.

The Repart PLA sample based on poly(D,L-lactic acid) demonstrated the most rapid
degradation, with the Mw value decreasing by 5 times (from 100 to 18 kDa) over 6 months.
After 9 months, it completely decomposed into low-molecular-weight water-soluble oligomers.
For the porous particles of poly(D,L-lactic acid) in AestheFill, a delayed degradation effect
was observed for up to 4 months, after which the process became much more intensive,
and these microspheres almost completely degraded within 9 months. The Sculptra based
on poly(L-lactic acid) exhibited the slowest degradation rate, with its molecular weight
decreasing from 78 to 30 kDa over 9 months. The porous PLA microparticles of Gana V
degraded faster than the non-porous Sculptra particles, with the weight-average molecular
weight decreasing from 114 to 25 kDa over 9 months.

In general, the observed patterns correspond to the known data that poly(L-lactic acid)
degrades slower than poly(D,L-lactic acid) [4]. It is necessary to consider that degradation
kinetics are influenced by parameters such as the degree of polymer crystallinity, particle
size [14], and porosity [15]. The presence of interconnected pores can slow down the
degradation process due to the absence of an autocatalytic effect caused by the accumulation
of acidic degradation products in the material.

The analysis of microparticles after 6 months of degradation using electron microscopy
revealed that the Sculptra and Gana V samples based on poly(L-lactic acid) maintained
their shape and size, while the morphology of AestheFill and Repart PLA fillers changed
significantly (Figure 12). After 6 months, the AestheFill microparticles formed a continuous
polymeric layer with pores and some spherical particles with a size of less than 5 µm
(Figure 12a). The smooth spherical particles of the Repart PLA sample after 6 months of
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degradation shrank, and pores were formed on the surface and in bulk. This observation
suggests the leaching of degradation products from the particle volume through the pores
(Figure 12b,c).
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Figure 12. SEM images after 6 months of the degradation of microparticles in AestheFill (a), Repart
PLA (b). Cross-section of Repart PLA microparticle (c).

The hydrolytic degradation studies of microparticles revealed that, despite all the
manufacturers claim an almost similar degradation period of around 2 years, the AestheFill
and Repart PLA consisting of poly(D,L-lactic acid) demonstrated a much faster hydrolysis,
with the period of total hydrolytic degradation estimated as 10–12 months. The process
was accompanied by changes in the morphology of microspheres. Poly(L-lactic acid)-based
fillers Sculptra and Gana V degraded slower with no changes in morphology after 9 months
and a decrease in molecular weight to 25–30 kDa. The projected period for a complete
resorption of these microparticles can be close to 2 years, as claimed in the manual. It
is worth noting that the in vivo degradation profile can be affected by the presence of
enzymes and other factors.

4. Conclusions

A comprehensive study was conducted on the physicochemical characteristics of
polylactic acid microspheres in commercially available fillers from different manufacturers.
It was found that in Sculptra and Gana V fillers, the microspheres consist of semi-crystalline
poly(L-lactic acid) and exhibit different morphologies with average sizes of 52 µm and
42 µm, respectively. The microspheres in Repart PLA and AestheFill consist of amorphous
poly(D,L-lactic acid) and have the same average diameter of 28 µm. However, Repart PLA
microspheres are smooth and spherical with no visible pores, while AestheFill microspheres
are spherical, have a large surface area, and exhibit high porosity. The differences in
physicochemical characteristics of the microspheres are reflected in the kinetics of hydrolytic
degradation at 37 ◦C. The degradation rate increases in the following order: Sculptra, Gana
V, AestheFill, Repart PLA. After 9 months, microspheres based on amorphous poly(D,L-
lactic acid) in AestheFill and Repart PLA fillers have almost completely degraded, while
for Sculptra and Gana V samples based on poly(L-lactic acid), the reduction in molecular
weight over the same period was 62% and 78%, respectively.

The results of the present research in combination with further biological studies may
pave the way for understanding the effect of these characteristics on tissue response and
the synthesis of de novo collagen, as well as the development of new-generation dermal
fillers with improved safety and efficacy.
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