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ABSTRACT

Background: The selection of dermal fillers in aesthetic medicine often relies on factors such as cost, immediate outcomes,
and practitioner experience. However, incorporating knowledge of fillers' rheological properties, such as viscoelasticity and co-
hesiveness, allows for more precise product selection tailored to patient needs and treatment goals while reducing the risk of
complications.

Aims: This review aims to summarize essential considerations for filler selection, focusing on rheological properties, safety pro-
files, and clinical applications. Additionally, it seeks to highlight differences between hyaluronic acid (HA) fillers and non-HA
fillers to guide practitioners in aesthetic procedures.

Patients/Methods: A systematic review was conducted following PRISMA guidelines. Searches across PubMed, Scopus, Web
of Science, and the Cochrane Library yielded 619 articles. After duplicate removal and rigorous screening, 50 peer-reviewed
studies were included. Data extraction focused on filler types, rheological properties (e.g., G’ and G” values), safety, and efficacy.
Results: HA fillers, particularly monophasic types, exhibit smoother consistency and better cohesiveness, making them ideal for
high-mobility areas like the mouth. Biphasic fillers, with higher viscoelasticity, provide superior lifting capacity for deeper tissue
support. Non-HA fillers, such as poly-L-lactic acid and calcium hydroxylapatite, offer longer-lasting results but require precise
techniques due to irreversibility. Proper selection based on filler rheology, target area, and patient needs can mitigate risks such
as overfilled syndrome, Tyndall effect, and delayed inflammatory responses.

Conclusions: Understanding the rheological and safety profiles of fillers is essential for achieving optimal aesthetic outcomes.
HA fillers are recommended for novice practitioners due to their reversibility, while experienced clinicians may explore non-HA
options. Tailored filler selection based on rheological properties and clinical context ensures safer and more effective treatments.

1 | Introduction

In the absence of rheological knowledge or information, cli-
nicians frequently base their selection of HA fillers on factors
such as product cost, immediate post-procedural outcomes,
patient satisfaction, or the experiences and recommendations
of colleagues. However, by integrating rheological knowl-
edge, clinicians can make more informed decisions, thereby

minimizing reliance on trial and error influenced by market-
ing or anecdotal evidence. This informed approach facilitates
the selection of fillers that meet essential clinical requirements.
Subsequently, considering the patient's facial condition and
aesthetic preferences is likely to yield optimal results. This re-
view summarizes the key considerations, including the physi-
cal properties of fillers, which are essential for their selection
in clinical practice.
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2 | Methods

A systematic review was conducted following PRISMA guide-
lines to identify studies relevant to the topic, “Conditions to
Consider When Choosing Fillers.” Searches were performed
across four major databases—PubMed, Scopus, Web of Science,
and the Cochrane Library—using a comprehensive search strat-
egy. The search utilized a combination of keywords and Boolean
operators, including “hyaluronic acid fillers,” “non-hyaluronic
acid fillers,” “rheological properties of fillers,” “viscoelasticity
in fillers,” and “filler safety and efficacy.” Search strings were
structured as “(Hyaluronic acid OR HA fillers) AND (viscoelas-
ticity OR rheology) AND (adverse effects OR complications).”
The review was restricted to full-text articles published in
English up to January 2025.

The initial search identified 619 articles. After duplicate re-
moval, 421 articles remained for screening. Title and ab-
stract screening excluded 300 articles that were irrelevant to
the topic or failed to meet the inclusion criteria. Subsequently,
full-text assessments were performed on 123 articles, re-
sulting in further exclusions due to incomplete data, irrele-
vance, lack of clinical applicability, or non-English language.
Ultimately, 50 studies met the criteria and were included in
the final review.

Eligible studies were required to be published in peer-
reviewed journals, focus on hyaluronic acid (HA) fillers or
non-hyaluronic acid (non-HA) fillers (e.g., poly-L-lactic acid
[PLLA], calcium hydroxylapatite [CaHA], polymethyl methac-
rylate [PMMAY]), and address filler properties such as rheology,
elasticity, viscosity, or cohesiveness. Studies reporting safety
profiles, adverse effects, or efficacy outcomes involving human
participants or clinically relevant in vitro analyses were also
included.

Exclusions were applied to non-English publications, stud-
ies limited to animal models without clinical relevance, case
reports, editorials, and commentaries with insufficient data.
Articles discussing fillers unrelated to aesthetic or dermatologic
applications, lacking full-text access, or identified as duplicates
across databases were also excluded.

The study selection process was carried out in two stages. First,
titles and abstracts were screened for relevance, followed by a
full-text assessment against inclusion and exclusion criteria.
Two independent reviewers conducted all evaluations, with dis-
agreements resolved through discussion or consultation with a
third reviewer.

Data extraction followed a standardized process, collecting
details on authorship, publication year, study location, design,
filler types (HA or non-HA), rheological properties (e.g., G’ and
G" values, cohesiveness), safety profiles, adverse events, and
clinical outcomes such as longevity and patient satisfaction.
Extracted data were synthesized into key themes, including
filler types, rheological characteristics, safety considerations,
and adverse effects. This rigorous and methodical approach
ensured a reliable and comprehensive analysis of evidence, cul-
minating in the inclusion of 50 high-quality studies for detailed
review.

2.1 | Hyaluronic Acid Fillers Versus
Non-Hyaluronic Acid Fillers

For novice filler practitioners, it is advisable to initially employ
HA fillers that can be dissolved and removed if necessary. Apart
from severe side effects due to intravascular injection, HA fillers
can be promptly degraded using the enzyme hyaluronidase in
the event of complications or unsatisfactory outcomes [1-5].

Once proficiency in performing safe and effective filler pro-
cedures has been achieved, practitioners may consider using
longer-lasting fillers at their discretion. However, fillers com-
posed of substances other than hyaluronic acid cannot be dis-
solved and removed, necessitating their sparing and cautious
use [6, 7].

Irrespective of the type of filler chosen, it is imperative to pri-
oritize safety-proven products. As previously mentioned, newly
developed fillers should be used restrictively and observed
in clinical settings for a minimum of 6 months before broader
adoption. Managing complications that arise post-procedure is
often more challenging than the procedures themselves, par-
ticularly for novice practitioners who may lack experience in
handling adverse effects. Therefore, it is prudent to minimize
complications stemming from product issues rather than prac-
titioner errors. The most reliable method for ensuring safety is
to select fillers that have been extensively used over a prolonged
period without major issues and have consistently demonstrated
reliable results [8].

2.2 | Basic Approval Conditions for Hyaluronic
Acid Filler Products

When selecting the most commonly used HA fillers, it is im-
perative to understand the clinical requirements and the basic
approval criteria set by regulatory agencies such as the Korean
Ministry of Food and Drug Safety (MFDS). Clinically desirable
HA fillers must meet specific conditions to ensure both safety
and efficacy.

First, HA fillers must be biocompatible and biodegradable, con-
taining no harmful chemicals. They should not provoke severe
inflammatory or immunological reactions and must integrate
well with human tissue, maintaining stability at the injection
site without migration. Most importantly, HA fillers should ef-
fectively smooth wrinkles and enhance volume in accordance
with the treatment goals. Over the long term, they should pre-
serve their results without significant deformation or degrada-
tion [9, 10].

While some of these desirable conditions can only be confirmed
through actual clinical use, all products must pass certain lab-
oratory tests prior to market release. Filler manufacturers are
required to submit measurements of various parameters, in-
cluding pH, osmotic pressure, sterility, toxicity, endotoxin lev-
els, heavy metal content, residual cross-linking agents, and the
injection pressure required for the product.

Using a recently released domestic HA filler product as an ex-
ample, Table 1 outlines the laboratory test items necessary for
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TABLE 1 | Laboratory test standards and results for HA filler
product.

Category Standard Result
Appearance Transparent and Satisfied
colorless viscous
liquid with no
foreign substances
pH 6.8-7.5 6.83
Residual BDDE Maximum 2.0 PPM 0 PPM

Heavy metal Maximum 10.0 PPM  Below 10 PPM

Injection force Maximum 30N 149N
Osmotic pressure 200-400mmol/kg 318 mmol/kg
Volume Minimum 1.0mL 1.07-1.09mL
Septic/toxic Aseptic/non-toxic Satisfied

MFDS approval, the standard values for each item, and the
results submitted by the manufacturing company. This infor-
mation serves as a guideline for understanding the approval pro-
cess and ensuring the selection of safe and effective HA fillers.

2.3 | Quality and Quantity of Raw Materials

When selecting a filler, it is crucial to understand the quality
and quantity of the raw materials used in its production. Even if
products are manufactured using the same process, differences
in raw material quality can significantly affect the frequency of
post-procedure complications. Therefore, it is important to ver-
ify the source of the raw materials for each filler product [11, 12].

Globally, there are hundreds of HA filler products, but the mo-
lecular weight and concentration of HA used as raw materials
do not vary significantly between products. The HA used in
HA fillers is typically extracted from bacteria, with a molecular
weight generally ranging from 1.5 million to 2.5 million Daltons.
High molecular weight HA is commonly used in HA fillers de-
signed to enhance volume. The concentration of HA in a product
is usually indicated as milligrams per milliliter (mg/mL), with
most products containing between 15 and 25mg/mL of HA. The
most common concentration is around 20 mg/mL. The concen-
tration of hyaluronic acid affects not only the physical proper-
ties of the filler, such as strength, but also the degree of swelling
after the procedure [13]. Typically, 5.5mg of HA balances with
1mL of water, so higher concentration HA fillers can attract
more water post-injection, resulting in greater swelling at the
treatment site [8].

As previously explained in the manufacturing process section,
many filler manufacturers have long-established methods for
producing safe HA filler products. Although each company may
have proprietary techniques to achieve the unique characteris-
tics of their fillers, the basic principles of safe filler production
are generally the same. If a new product differs significantly
from the traditional manufacturing processes of existing fill-
ers, it should be scrutinized more carefully. When using new

products that claim to employ different or innovative technolo-
gies, it is advisable to observe their safety over a sufficient period
to confirm their reliability.

2.4 | Biphasic Versus Monophasic Hyaluronic Acid
Fillers

HA fillers available on the market are generally classified as
either biphasic or monophasic based on their manufacturing
methods. While filler manufacturing technology has signifi-
cantly advanced, leading to the development of HA fillers that
claim to combine the advantages of both types, the fundamen-
tal concepts remain unchanged. Biphasic HA fillers emphasize
physical cross-linking, whereas monophasic HA fillers empha-
size chemical cross-linking [8].

Understanding these fundamental differences is crucial when
choosing a filler product. Biphasic fillers typically consist of HA
particles of various sizes that are physically cross-linked, result-
ing in a firmer texture and higher lifting capacity. In contrast,
monophasic fillers consist of a homogeneous gel with chemically
cross-linked HA, offering a smoother consistency and better co-
hesiveness [9].

Despite advancements in filler technology, the basic principles
of biphasic and monophasic fillers still hold. It is important to
be aware of any additional factors that might affect the prop-
erties of the fillers, beyond the basic cross-linking methods,
before using the product. Each manufacturing company may
incorporate unique elements into their fillers to enhance spe-
cific characteristics. Therefore, a thorough understanding and
consideration of these factors are essential for selecting the most
suitable filler for clinical use.

2.5 | Rheological Properties
2.5.1 | Particle Form

When discussing the rheological properties of HA fillers, it is
common to differentiate between biphasic fillers, which have
good lifting capacity, and monophasic fillers, known for their
cohesion. A prevalent misconception is that biphasic fillers are
composed of particles, while monophasic fillers are uniform gels
devoid of particles. However, microscopic examination reveals
that all HA fillers consist of gel particles. Monophasic fillers
feel smoother to the touch because their particles are less dis-
cernible. Therefore, it is more accurate to classify fillers based
on their consistency: biphasic fillers possess distinct and firmer
particles, whereas monophasic fillers have less noticeable and
more flexible particles (Figure 1) [9, 14].

2.5.2 | Viscoelasticity

Viscoelasticity, defined by the parameters of elasticity (G’ modu-
lus, storage modulus) and viscosity (G” modulus, loss modulus),
is a crucial concept in rheology used to assess the properties of
materials. These values are combined to calculate the viscoelas-
tic modulus (G*), which provides a comprehensive measure of a
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Firm HA filler

Flexible HA filler

FIGURE1 | Division of HA filler based on consistency—firm or flexible HA filler.

material's resistance to external forces and its degree of defor-
mation. HA fillers, as viscoelastic materials, exhibit both elastic
and viscous behaviors. The G’ value measures the material's re-
sistance to deformation, while the G” value measures how easily
the material continues to deform under an external force [15].

Biphasic fillers, with their distinct and firm particles, typically
exhibit higher viscoelastic values in laboratory tests, indicating
better volume retention and shape maintenance after injection.
However, they are also stiffer and more challenging to use.
Monophasic fillers, on the other hand, have lower viscoelastic
values but are easier to inject due to their smoother consistency.

For monophasic fillers, an increase in viscosity is often accom-
panied by a proportional increase in elasticity, making it possi-
ble to infer viscoelastic properties from the viscoelastic modulus
alone. In contrast, biphasic fillers may show high viscoelastic
modulus values due to their elasticity, but their absolute viscosity
values may not accurately reflect their viscous properties [15].

To gain a more comprehensive understanding of a filler's rheo-
logical characteristics, one can compare the values of elasticity
and viscosity using the phase angle (tangent §), which is calcu-
lated as the ratio of G” to G’ (G”/G"). A phase angle approaching
0 indicates that the material behaves more like a solid elastic
body, whereas a phase angle approaching 1 suggests that the
material behaves more like a viscous fluid. For example, even
with similar viscosity values, biphasic fillers will exhibit lower
phase angles, reflecting their greater elasticity, while monopha-
sic fillers will display higher phase angles due to their relatively
higher viscosity [16].

Manufacturers typically measure and provide data on the visco-
elastic modulus and phase angle of their HA fillers. It is advis-
able to request this information to better predict the rheological
behavior of the fillers being used.

2.5.3 | Cohesiveness and Flexibility

2.5.3.1 | Cohesiveness. Cohesiveness refers to the force
that enables filler particles to restore their structure after being
deformed by external forces. As previously discussed, biphasic
and monophasic fillers exhibit distinct cohesiveness character-
istics due to their differing manufacturing processes. Generally,
it is not advisable to use fillers with low cohesiveness and high

elasticity in areas of the face that experience significant move-
ment. These regions are frequently subjected to external forces,
necessitating fillers that can gently deform under pressure
and then return to their original shape once the pressure is
relieved [17, 18].

If a filler possesses high elasticity and resists deformation, pa-
tients may experience discomfort when moving their facial
muscles. Furthermore, when a filler with high elasticity but low
cohesiveness is deformed by strong pressure (e.g., during a mas-
sage), it may not revert to its original shape once the pressure is
removed, leading to an altered appearance post-procedure [19].

Therefore, for areas such as the cheeks, monophasic HA fillers
with good cohesiveness are ideal. These fillers can maintain a
proper shape and respond gently to minor daily forces, such as
facial movements or touch, returning to their original form once
the force is removed [20].

2.5.3.2 | Flexibility. Areas around the mouth experience a
significant amount of stretching and contracting forces. Hence,
it is crucial to choose a monophasic filler with appropriate
flexibility that can adapt well to such forces [21, 22]. Chemical
cross-linking does not necessarily result in high cohesiveness,
and heavily cross-linked monophasic HA fillers may not demon-
strate good flexibility. Fillers that have undergone extensive
chemical cross-linking to increase stickiness may have HA
molecules bound closely together, thereby diminishing their
capacity to stretch and contract smoothly under lateral forces
(Figure 2).

In contrast, monophasic HA fillers with less densely packed HA
molecules display more fluid-like properties, allowing them to
stretch and contract more easily under the same force, demon-
strating better adaptability (Figure 3). Therefore, for areas with
significant movement around the mouth, it is preferable to use
monophasic fillers that offer not just good cohesiveness but also
sufficient flexibility to accommodate the skin's stretching and
contracting without breaking the filler's basic structure. This
ensures better outcomes and less discomfort for patients, partic-
ularly in high-movement areas around the mouth.

In recent times, there has been a trend toward selecting fillers
based on the specific treatment area, considering the required
viscoelasticity, cohesiveness, and flexibility to choose the most
suitable product.

40f 12

Journal of Cosmetic Dermatology, 2025

B5USD 1 SUOWIWIOD dAIERID 3|qedl|dde au3 Aq paueA0b /e 311 YO 88N JO S3JNU 10) Afiq178UIUO AB|IA UO (SUOIPUOD-PUR-SLLLBIALIOY™AB | IMALe1d 1 [BUI|UO//SANY) SUORIPUOD PUe SWS L 81 39S *[S20z/TT/ET] Uo Ariqiauliuo A)iIMm ‘ARidiT PN AISRAIUN BSUO A AQ G002 PIOITTTT OT/I0p/W0d" A3| 1M Akeiq 1 puljuo//sdiy woJy papeojumod ‘€ ‘SZ0e ‘S9TZELYT



VAV

; ><><>§ A
H XN
/" \

(NN
NENENON
CNENINN
2 YAVAVAN

Monophasic HA filler with more cross-linking points
needs more force for the stretched state.

FIGURE2 | Monophasic HA filler with more cross-linking points.

Monophasic HA filler with fewer cross-linking points
stretch more easily with less force.

FIGURE3 | Monophasic HA filler with fewer cross-linking points.

2.5.4 | Particle Size and Consistency

2.5.4.1 | Particle Size. The particle size of HA fillers var-
ies depending on the manufacturing methods employed by each
company. Fillers composed of larger particles are generally more
advantageous for creating a more prominent volume. Addition-
ally, the consistency of particle size has become increasingly
important, as uniform particle sizes make it easier to achieve
a more even overall shape. When injected with consistent pres-
sure, fillers with uniform particle sizes are smoother to adminis-
ter compared to those with irregular particle sizes. Thus, fillers
with consistent particle sizes retain the necessary viscoelastic
properties while being more user-friendly [23].

2.6 | Extrusion Force and Molding

Improving the consistency of particle size does not reduce the
viscoelastic values but decreases the required extrusion force.
This enhancement makes the fillers easier to use while main-
taining similar volumizing capabilities. Another practical ad-
vantage of consistent particle sizes is the ease with which the
filler can be molded into the desired shape post-injection. Fillers
with irregular particle sizes are more challenging to mold com-
pared to those with uniform particle sizes [24].

The following graph (Figure 4) illustrates the particle sizes of
domestically produced HA filler products. An optimal filler
should have a narrow diameter range with minimal spread. By
enhancing the consistency of filler particles through homoge-
nization processes, it is possible to achieve similar volumizing
effects while improving ease of use. Fillers with consistent par-
ticle sizes and shapes can be more effectively employed in cases
or treatment areas that were previously difficult to manage with
fillers composed of irregular particles [25].

2.7 | Recommendation

When selecting a product, it is advisable to check the particle
size and consistency of the filler being used. Ensuring that the
filler has uniform particle sizes will not only make the injection
process smoother but also facilitate better shaping and molding
outcomes post-injection (Figure 5).

2.8 | Volume Maintenance After Injection
To facilitate easy injection, molding, and shape creation with

minimal foreign body sensation, some HA fillers are mixed
with a free HA solution. These fillers are designed to be softer
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FIGURE4 | Particle size of the HA filler product.
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HA filler with regular particle sizes

FIGURE5 | Comparison of particle size uniformity of HA fillers.

and more manageable during and after the procedure. However,
as the free HA is broken down and absorbed a few days post-
injection, the overall volume of the injected filler decreases,
leading to a reduction in volume over several weeks.

Several factors influence the maintenance of shape and volume
after the filler injection. It is crucial for practitioners to under-
stand how well the filler they are using will retain its volume
over time. Awareness of these factors and the properties of the
chosen filler can help predict the longevity of the filler's effect
and manage patient expectations effectively.

2.9 | Injection Pressure

The injection pressure required for HA fillers typically tends
to be more consistent with monophasic fillers compared
to biphasic fillers, which can exhibit more variability [26].
Although manufacturers provide data on the force needed to
inject their fillers, practitioners should personally assess the
required injection pressure during actual use. When a force
is applied to an object, the change in its length in the direc-
tion of the force relative to the changes in the perpendicular

HA filler with irregular particle sizes

directions is described by Poisson's ratio. Generally, rigid sol-
ids have a Poisson's ratio of less than 0.3, while viscoelastic
materials such as rubber have a ratio of about 0.5. A higher
ratio indicates that the material deforms more easily under
compression or tension [27].

When pressure is applied to expel filler from a syringe, the ma-
terial adheres to these principles. If the filler has high viscosity
and large particle size, it will not easily exit through the syringe's
tip and will instead press against the syringe walls, requiring
more force and making it harder to use.

To assess the required injection pressure for a filler, connect the
supplied needle and apply minimal force to the plunger to expel
the filler. Measure the force needed for the filler to start emerg-
ing from the needle and evaluate the pressure needed for contin-
uous injection. A filler that requires consistent pressure without
fluctuations is considered easy to inject (Figure 6) [28].

The study of the authors demonstrates that Figure 7 illustrates
the measured injection pressures required for various HA fill-
ers. Filler A demonstrates the most inconsistent and irregular
pressure requirements, making it less favorable. Comparatively,
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FIGURE 6 | Graphical appearance of the desirable injection force of the HA filler product.
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FIGURE 7 | Comparison of injection force of various HA filler products.

while B and C require slightly higher pressures, B exhibits more
consistent pressure requirements overall. Filler D, with the low-
est and most consistent pressure requirements, is deemed the
easiest HA filler to use.

2.10 | Presence of Additives

Initially, HA fillers were produced without additives. However,
modern HA fillers commonly include 3% lidocaine to reduce
pain during the procedure [29-31]. Manufacturers must ensure
that the addition of lidocaine does not alter the physical proper-
ties of the filler.

In addition to lidocaine, some HA fillers now include vitamins
and antioxidants [32]. Antioxidants are believed to inhibit the
activation of reactive oxygen species, which can cause osmotic
degradation during the initial filler injection. Therefore, some
manufacturers add antioxidants like mannitol to extend the lon-
gevity of the HA filler. Mannitol is said to inhibit the degrada-
tion of fillers caused by free radicals and possesses antibacterial
properties. However, as mannitol is a polymer substance that at-
tracts water, it can cause the filler to increase in volume beyond
the initial amount injected [33]. This potential for increased vol-
ume should be taken into consideration when using such fillers.

2.11 | Degree of Dialysis or Washing

Dialysis or washing is a crucial process to remove toxic sub-
stances such as sodium hydroxide (NaOH), residual butane-
diol diglycidyl ether (BDDE), and endotoxins from fillers. The
removal of these toxic substances from the HA gel, which is
solid in form, takes a considerable amount of time, and each
manufacturer employs their own specific methods for dialysis
or washing. Generally, a cycle of dialysis or washing is consid-
ered to be 24 h long, but there is no standardized protocol for the
number of cycles required. We must rely on the manufacturers'
descriptions of their processes and their data regarding residual
BDDE and endotoxin levels [34].

Even if a product meets the regulatory standards set by health
authorities like the Food and Drug Administration (FDA) or the
Korean Food and Drug Administration (KFDA), it does not guar-
antee the complete absence of toxic substances. Paradoxically,
this means that adverse reactions related to these substances
can still occur with approved filler products.

If a particular filler product has a higher rate of early infections,
hypersensitivity, or tissue reactions compared to others, it is im-
portant to determine whether the product is at fault. The follow-
ing steps should be taken to check for product anomalies:
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2.11.1 | Evaluate Immediate Post-Procedure Reactions

Monitor for any immediate adverse reactions following the
procedure, including inflammation, allergic responses, severe
bleeding, or, in extreme cases, necrosis or blindness due to in-
travascular injection.

2.11.2 | Assess Delayed Reactions

Be aware of delayed reactions that can occur more than a month
post-procedure, sometimes even up to a year later. These may
include unexpected inflammatory responses and could be due
to the patient's immune system, latent infections, or issues with
the product itself.

2.11.3 | Check Consistency Across Batches

If similar adverse reactions are observed across multiple pa-
tients, it may be necessary to check the consistency of the prod-
uct across different batches. Consulting with nearby clinics
using the same product can help determine whether the issue
is widespread.

2.11.4 | Reevaluate Technique and Protocol

Ensure that the technique and procedural protocol are not con-
tributing to the adverse effects. If the problem persists, discuss
with the manufacturer about recalling or exchanging products
from the affected batch.

Regular monitoring and thorough evaluation of both immedi-
ate and delayed reactions are essential for maintaining patient
safety and ensuring the quality of filler products used in clinical
practice.

2.12 | Adverse Effect Monitoring

Adverse effects from filler procedures can be categorized based
on their onset time into immediate and delayed reactions [35].
Immediate adverse effects occur right after the procedure and
include tissue reactions to residual or toxic substances within
the filler, allergic responses, severe bleeding, and in extreme
cases, tissue necrosis or blindness due to intravascular injection
(Figure 8) [8].

FIGURE 8 | Ischemia of the nasal tip after filler injection.

In contrast, delayed adverse effects may manifest more than a
month post-injection, sometimes even up to a year later. These
can include unexplained inflammatory reactions. Identifying
the exact cause of delayed adverse effects is challenging, as they
may stem from issues with the patient's immune system, latent
infections, or problems inherent to the product itself.

When delayed adverse effects occur, both the medical prac-
titioner and the patient may find it difficult to determine the
cause. In such cases, the practitioner should immediately cease
using the suspected product and investigate the cause. It is also
important to check if other patients who received the same prod-
uct are experiencing similar issues. Consulting with nearby clin-
ics using the same product can help determine if the problem is
widespread [8, 36].

If adverse effects are determined not to be attributable to
the product but rather linked to the practitioner's technique
or procedure, it is imperative to reassess and enhance these
methods. Conversely, if the issue is traced back to the prod-
uct itself, the practitioner should discuss the potential for re-
calling or replacing products from the affected batch with the
manufacturer.

Prematurely employing a product in large quantities before con-
firming its safety can complicate the management of delayed
adverse effects. Hence, it is crucial to observe newly released
filler products for an adequate period, ideally at least 6 months,
to monitor for any adverse effects before widespread use.

Routine and meticulous monitoring of both immediate and de-
layed reactions is vital to ensure patient safety and uphold the
standard of filler products employed in clinical practice.

2.13 | Advance Uses of Hyaluronic Acid Filler

Hyaluronic acid (HA) fillers with low levels of cross-linking
have become popular as skin boosters, primarily for enhancing
hydration and skin quality through intradermal and subder-
mal injections. Unlike heavily cross-linked fillers designed for
volumizing, low-cross-linked HA fillers are lighter and more
fluid, making them ideal for improving skin texture and elas-
ticity rather than adding volume. These fillers retain the natural
properties of HA, which is already abundant in the skin's dermal
layer, helping retain moisture, supporting hydration, and stim-
ulating growth factors. As a result, HA skin boosters provide a
more natural, subtle improvement by enhancing the skin's abil-
ity to hold water, which in turn smooths and softens the skin's
surface [37].

In clinical settings, HA fillers with low cross-linking are used to
address skin dryness, loss of elasticity, and fine lines. They act
as “moisturizers” at a deeper level, delivering hydration directly
to the dermis and subdermal layers, where each HA molecule
can bind up to 218 water molecules. This effect is particularly
beneficial in thin or delicate skin areas, such as around the
eyes, where added volume is not the primary goal. Studies have
shown that injecting these fillers encourages collagen synthesis,
as HA pulls in water from the extracellular matrix, increasing
skin volume by up to 500-1000 times its molecular size. This

8 of 12

Journal of Cosmetic Dermatology, 2025

B5USD 1 SUOWIWIOD dAIERID 3|qedl|dde au3 Aq paueA0b /e 311 YO 88N JO S3JNU 10) Afiq178UIUO AB|IA UO (SUOIPUOD-PUR-SLLLBIALIOY™AB | IMALe1d 1 [BUI|UO//SANY) SUORIPUOD PUe SWS L 81 39S *[S20z/TT/ET] Uo Ariqiauliuo A)iIMm ‘ARidiT PN AISRAIUN BSUO A AQ G002 PIOITTTT OT/I0p/W0d" A3| 1M Akeiq 1 puljuo//sdiy woJy papeojumod ‘€ ‘SZ0e ‘S9TZELYT



expansion leads to fibroblast activation, which further promotes
collagen production, thereby supporting a healthier, plumper
skin structure [38].

Low-cross-linked HA skin boosters are widely used due to their
smooth integration into peripheral tissues, resulting in a nat-
ural finish without surface irregularities. They have a shorter
duration than more cross-linked fillers, typically lasting around
6months, and are often administered in a series of three ses-
sions for optimal results. Recent advances, such as combining
HA with glycerol (as seen in Belotero Revive), have extended the
benefits, enhancing skin hydration, firmness, and glow for up to
36weeks. These innovations continue to push the boundaries of
HA skin boosters, creating formulations that not only improve
skin appearance but also support the skin's resilience and bar-
rier function [38].

Recent advancements in self-crosslinking hyaluronic acid (SC-
HA) fillers represent a significant innovation in minimally in-
vasive aesthetic treatments, aiming to provide longer-lasting

and more effective outcomes. Unlike traditional fillers that
require chemical cross-linking agents, SC-HA fillers undergo
a natural cross-linking process facilitated by active oxygen
within the body. This process, achieved through gallol mod-
ification of the hyaluronic acid structure, allows for immedi-
ate gelation upon injection, forming a stable and volumizing
matrix. This eliminates the need for potentially toxic cross-
linking agents, enhancing both the safety and biocompatibil-
ity of the filler [39].

2.14 | Non-HA Filler

Non-hyaluronic acid (non-HA) fillers, including poly-L-lactic
acid (PLLA), calcium hydroxylapatite (CaHA), and polymethyl
methacrylate (PMMA), provide unique alternatives to HA fill-
ers, each possessing distinctive properties that address specific
aesthetic needs beyond the scope of HA fillers alone. Poly-
L-lactic acid (PLLA) functions as a biostimulatory filler that
gradually stimulates collagen production rather than delivering

FIGURE9 | The patient had a flat forehead with a prominent supraorbital ridge; therefore, 3 cc of HA filler with high viscosity and high elasticity

was injected above the ridge. The image shows the forehead before (A) and after (B) the treatment.

FIGURE10 | The patient received 3 cc of high-viscosity and high-elasticity HA filler injected above the ridge. The image is taken from a 45° angle,

showing before (A) and after (B) the treatment.
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immediate volumization. Its effects emerge progressively over
several months as collagen forms around the injected particles,
yielding a natural, long-lasting volumizing outcome. PLLA is
particularly effective for patients seeking gradual enhance-
ment in volume-deficient areas, such as the cheeks and temples,
though its application requires skilled technique and careful
patient selection to mitigate risks like nodule formation and un-
even contouring [40, 41].

Poly-D, L-Lactic Acid (PDLLA) is a biocompatible, biodegrad-
able polymer used in fillers like Juvelook for its robust collagen-
stimulating effects and known to provide less risk of nodule
formation. PDLLA provides both immediate and sustained
rejuvenation by inducing collagen production, which gradu-
ally restores volume and firmness in targeted areas. This col-
lagen response improves skin elasticity, smooths fine lines,
and enhances overall skin texture, with results lasting up to
18-24months. PDLLA is particularly suitable for areas needing
structural support, such as the cheeks, nasolabial folds, and jaw-
line, offering a subtle, natural-looking enhancement. Due to its
biocompatible degradation into harmless byproducts, PDLLA is
a safe and effective option, appealing to patients seeking non-
surgical anti-aging treatments [42, 43].

FIGURE 11 | Incorrect method: High G’ filler injected superficially,
resulting in the Tyndall effect and a mass-like appearance.

Calcium hydroxylapatite (CaHA), composed of calcium-based
microspheres in a gel carrier, provides immediate volume upon
injection along with collagen-stimulating effects over time. With
a denser consistency, CaHA is ideal for deeper injections in areas
requiring structural support, such as the jawline and cheeks. Asa
biodegradable filler, CaHA generally maintains its effects for over
a year but is less suitable for delicate areas like the lips or under-
eye regions, where its density could lead to undesired outcomes
[44]. Polymethyl methacrylate (PMMA) is a semi-permanent
filler consisting of smooth microspheres suspended in collagen,
providing durable volume correction [45, 46]. The PMMA micro-
spheres act as a scaffold, promoting collagen formation around
them, and are commonly used in areas like the nasolabial folds.
However, PMMA's permanence necessitates precise application
and is generally recommended for experienced practitioners and
patients seeking long-term results. Each type of non-HA filler
presents distinct advantages and limitations, and optimal filler
selection requires consideration of the patient's aesthetic goals,
target area, and desired duration of effects. While HA fillers are
versatile and reversible, non-HA fillers offer extended duration
and collagen-stimulating benefits, making them valuable options
for patients with specific aesthetic needs.

3 | Discussion

High-viscosity fillers are generally unsuitable for superficial fat
tissues, as their dense consistency can limit even distribution
and exert undue pressure on surrounding structures, such as the
lip elevators. Instead, these fillers should be strategically placed
within the deep fat tissues, where they can provide stable vol-
ume support without affecting muscle movement or causing un-
even texture on the skin's surface. This deeper placement allows
for a more natural contour and avoids complications related to
filler spread and pressure on delicate areas.

Misuse of hyaluronic acid fillers, particularly when high-
viscosity fillers are placed superficially or in excessive amounts,
can lead to a condition known as “overfilled syndrome.” This
occurs when too much filler is injected or placed incorrectly, re-
sulting in an unnatural, overly plump appearance, distortion of
facial features, and sometimes impaired movement. Overfilled
syndrome can cause aesthetic concerns, such as a heavy or
bloated look, and may impact facial expressions due to excess
pressure on surrounding muscles and tissues. Proper technique

FIGURE 12 | Correct method: Filler injected deeply. Before treatment (A) and after treatment (B).
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and filler selection, based on tissue depth and patient anatomy,
are essential to prevent this outcome and achieve natural-
looking results.

Selecting appropriate fillers in aesthetic medicine involves
considering rheological properties, safety profiles, and clinical
efficacy. Understanding these factors is crucial for optimizing
patient outcomes and minimizing adverse effects (Figures 9 and
10). HA fillers are recommended for novice practitioners due to
their reversibility and established safety profiles, which allow
for dissolution with hyaluronidase in case of adverse outcomes.
As clinicians gain experience, they may explore non-HA fillers
for longer-lasting results, but caution is advised due to their irre-
versibility and potential for long-term complications [6, 7].

For example, when addressing hollow areas under the eyes,
softer fillers are typically used. However, such fillers tend to in-
flate the skin during the procedure, often leading to swelling
and a higher likelihood of the Tyndall effect. Instead, placing
a firmer filler precisely beneath the muscle along the groove,
while preserving the tough ligamentous structures in the under-
eye area, can result in smoother skin and minimize the risk of
the Tyndall effect. This demonstrates that contrary to conven-
tional assumptions, selecting the physical properties of fillers
according to the specific characteristics of each facial region is
crucial (Figures 11 and 12).

Understanding the differences between biphasic and mono-
phasic HA fillers is also essential. Biphasic fillers, with their
particle-based structure, provide strong lifting capacity but can
be challenging to inject and mold. In contrast, monophasic fill-
ers offer smoother consistency and better cohesiveness, mak-
ing them easier to handle and suitable for dynamic facial areas
[26, 47]. The viscoelastic properties of fillers, including parame-
ters like G’ and G” moduli and phase angle, play a critical role in
their performance [48, 49]. Clinicians should analyze these rhe-
ological data from manufacturers to make informed decisions
tailored to patient needs and treatment areas. This approach en-
hances the likelihood of achieving satisfactory aesthetic results
while minimizing complications.
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