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ABSTRACT

Dermal fillers have become a cornerstone in aesthetic medicine, offering
minimally invasive solutions for facial rejuvenation, contour enhancement, and
volume restoration. This review explores the various types of dermal fillers,
their clinical indications, and potential complications associated with their use.
Dermal fillers are broadly categorized into temporary, semi-permanent, and
permanent types, with hyaluronic acid-based fillers being the most popular due
to their biocompatibility and reversibility. Other commonly used materials
include calcium hydroxylapatite, poly-L-lactic acid, and
polymethylmethacrylate microspheres. Indications for dermal filler
application encompass correction of age-related volume loss, soft tissue
augmentation, wrinkle reduction, and facial contour remodeling. Proper
patient selection and individualized treatment planning are essential to
maximize aesthetic outcomes and minimize risks. Despite their safety profile,
dermal fillers carry potential complications ranging from mild and transient,
such as swelling, bruising, and erythema, to more serious adverse events
including infection, vascular occlusion, and granuloma formation. The
prevention and management of complications require a thorough
understanding of facial anatomy, appropriate injection techniques, and prompt
recognition of adverse signs. Advances in filler technology and imaging
techniques have improved treatment precision and patient satisfaction;
however, challenges remain in achieving consistent long-term results and
managing rare but severe complications. This review underscores the
importance of clinician expertise, patient education, and ongoing research to
optimize the safety and efficacy of dermal filler treatments. Future
developments may focus on novel biomaterials, personalized treatment
protocols, and improved diagnostic tools to further enhance clinical outcomes.

Introduction

societal emphasis on youthful appearance and facial

Overview of Dermal Fillers in Aesthetic Medicine
In recent decades, the field of aesthetic medicine has
witnessed remarkable advancements, with dermal
fillers emerging as one of the most widely adopted
minimally invasive treatment modalities for facial
rejuvenation and enhancement [1-3]. The increasing

harmony has led to a surge in demand for non-
surgical cosmetic procedures [4-6].

Dermal fillers, also known as soft tissue fillers or
injectable fillers, are substances injected into the
skin or subcutaneous tissues to restore volume,
smooth wrinkles, and improve facial contours. Their
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appeal lies in the relative simplicity of the
procedure, minimal downtime, and immediate
visible results, making them a preferred option for
patients seeking subtle but effective aesthetic
improvements without surgery [7-9].

Types of Dermal Fillers

Dermal fillers are broadly classified into three main
categories based on their duration of effect and
composition: temporary, semi-permanent, and
permanent.

e Temporary fillers, primarily based on
hyaluronic acid (HA), constitute the
majority of filler products currently in use.
Hyaluronic acid is a naturally occurring
glycosaminoglycan present in human
connective  tissue, known for its
hydrophilic properties and ability to retain
moisture. HA fillers provide immediate
volumization and hydration and are
favored for their biocompatibility and
reversibility, as their effects can be
reversed by hyaluronidase injections if
necessary [10].

o Semi-permanent fillers, such as calcium
hydroxylapatite and Poly-L-lactic acid,
offer longer-lasting effects ranging from 12
to 24 months. Calcium hydroxylapatite, a
mineral component found in human bone,
stimulates collagen production, resulting in
gradual and natural-looking volume
restoration. Poly-L-lactic acid acts as a bio
stimulatory agent promoting collagen
synthesis over time [11].

e Permanent fillers, including
polymethylmethacrylate (PMMA)
microspheres suspended in collagen,
provide long-lasting or irreversible effects.
Due to concerns about complications and
difficulties in management, their use has
declined in favor of safer temporary
alternatives.

Clinical Indications

The indications for dermal filler treatments are
diverse and span a wide range of aesthetic and
reconstructive goals. Primarily, dermal fillers are
used to counteract age-related facial volume loss
that leads to wrinkles, folds, and sagging skin.
Common treatment areas include nasolabial folds,
marionette lines, cheeks, lips, and under-eye
hollows. Beyond cosmetic enhancements, dermal
fillers are also employed in reconstructive
procedures to correct facial asymmetry, contour
deformities, and to restore volume after trauma or
disease. The adaptability of fillers to address specific
anatomical needs makes them a versatile tool in both
cosmetic and medical dermatology [12-14].

Challenges and Complications

Despite their popularity and relative safety, dermal
fillers are not without risks. The complications
associated with their use range from minor, transient
reactions to severe, potentially permanent adverse
effects. Common side effects include erythema,
edema, bruising, and tenderness at the injection site.
More serious complications involve infections,
granuloma formation, allergic reactions, and
vascular occlusion which can lead to tissue necrosis
or even blindness in rare cases. These risks
underscore the importance of comprehensive
anatomical knowledge, careful patient assessment,
and meticulous injection technique [15-17].
Moreover, the variability in filler materials, injection
depth, and facial anatomy poses a challenge for
standardized treatment protocols. The dynamic
nature of the face, affected by aging, ethnicity, and
individual anatomical differences, necessitates
personalized treatment plans to optimize outcomes
and minimize complications.

Advances and Future Directions

Technological advances such as three-dimensional
facial imaging and ultrasound guidance have begun
to enhance the precision and safety of filler
injections. These tools aid in detailed anatomical
mapping and real-time visualization, reducing the
risk of inadvertent vascular injury. Furthermore,
ongoing research into novel biomaterials aims to
develop fillers with improved longevity,
biocompatibility, and fewer adverse effects.
Personalized treatment protocols integrating patient-
specific facial analysis and data-driven decision-
making are emerging as the future of aesthetic filler
therapy. Artificial intelligence and machine learning
hold potential to further refine treatment planning,
predicting optimal filler types, volumes, and
injection sites based on individual facial
characteristics [18-20].

Advanced Details on Dermal Fillers and Related
Topics

Types of Dermal Fillers: Composition and
Characteristics

Dermal fillers differ not only in their duration but
also in their physical and chemical composition,
which directly influence their clinical behavior,
safety profile, and aesthetic outcomes.

e Hyaluronic Acid (HA) Fillers: These are
the most frequently used fillers worldwide
due to their biocompatibility and
reversibility. HA is a naturally occurring
polysaccharide that binds water molecules,
providing volume and hydration to the
skin. HA fillers vary in terms of particle
size, cross-linking density, and viscosity,
which affects their firmness, longevity, and
suitability for different facial areas. For
example, softer, less cross-linked fillers are
preferred for superficial fine lines, while
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more robust formulations are used for
deeper volumization such as in the cheeks
or chin [21-22].

Calcium Hydroxylapatite (CaHA): This
filler consists of microspheres suspended in
agel carrier. It not only provides immediate
volume but also stimulates fibroblasts to
produce new collagen over time, leading to
longer-lasting results. CaHA is often used
for deeper wrinkles and facial contour
enhancement, but due to its density, it is not
recommended for superficial injection sites
[23].

Poly-L-lactic Acid (PLLA): Unlike
traditional fillers, PLLA is a bio
stimulatory agent that induces gradual
collagen neogenesis. The volumizing effect
appears slowly over months, making it
suitable for patients seeking subtle, natural
enhancements. Multiple sessions are
typically required for optimal results.
Polymethylmethacrylate (PMMA): A
permanent filler composed of microspheres
that remain in the tissue indefinitely.
PMMA has fallen out of favor due to its
association with long-term complications
such as granulomas and difficulty in
removal [24-26].

Autologous Fat Grafting: Though
technically not a filler, fat transfer involves
harvesting a patient's own adipose tissue
and injecting it into desired areas. It offers
a natural, long-lasting volumization but
requires more invasive  harvesting
procedures and variable graft survival.

Techniques: Principles and

Approaches

The success of dermal filler treatments heavily
depends on proper injection techniques, which must
consider the filler type, injection depth, and
anatomical structures to minimize complications
and optimize results.

Needle vs. Cannula: Needles provide
precision and are preferred for small,
targeted areas such as lip borders or fine
lines. Cannulas are blunt-tipped and allow
safer, less traumatic injections over larger
areas with reduced risk of vascular injury
and bruising.

Injection Depth: Fillers can be injected at
varying depths depending on the target
tissue. Superficial injections address fine
lines in the dermis, while deeper injections
restore volume in the subcutaneous or
supraperiosteal layers [27].

Injection Techniques: Common
techniques include linear threading, serial
puncture, fanning, and cross-hatching.
Linear threading deposits filler along a

linear track, suitable for nasolabial folds.
Serial puncture involves multiple small
injections, often used in lips. Fanning and
cross-hatching spread filler more evenly in
larger areas such as cheeks [28].

Layering and Bolus Injection: Strategic
layering of filler in different planes can
mimic natural facial contours. Bolus
injections involve depositing a larger
volume at a specific point to provide a
lifting effect.

A comprehensive understanding of facial anatomy is
crucial to avoid serious complications and achieve
natural results.

Vascular Anatomy: Key arteries such as
the facial artery, angular artery, and
supratrochlear artery are at risk during
injections. Knowledge of their course is
essential to prevent intravascular injection
leading to vascular occlusion or embolism.
Nervous System: Avoiding nerve injury is
critical to prevent numbness, pain, or motor
deficits. For example, injections around the
infraorbital foramen require caution [29].
Fat Compartments and Ligaments: The
face contains distinct fat compartments
separated by ligaments, influencing how
filler distributes and shapes the contour.

Despite meticulous technique, complications can
occur and prompt recognition and treatment are

vital.
[ ]

Common Minor Complications:
Bruising, swelling, and redness usually
resolve spontaneously within days. Cold
compresses and topical treatments can be
used for symptomatic relief [30-32].
Infection: Though rare, infections require
prompt antibiotic  therapy.  Severe
infections may need surgical drainage.
Vascular  Occlusion: A medical
emergency  characterized by  pain,
blanching, and potential tissue necrosis.
Immediate injection of hyaluronidase (for
HA fillers), warm compresses, massage,
and possibly hyperbaric oxygen therapy are
indicated.

Granulomas and Nodules: May develop
weeks to months’ post-injection, often
requiring  corticosteroids or surgical
excision [33-35].

Allergic Reactions: Though uncommon
with modern fillers, can range from mild
swelling to anaphylaxis.

Case 1: A 45-year-old female with age-
related midface volume loss treated with
HA filler using a cannula in the submalar
fat compartment, resulting in natural
contour improvement without
complications.



JAMPBR; 1 (2026), 1-11

Case 2: A 38-year-old male developed skin
necrosis after inadvertent injection into the
angular artery during nasolabial fold
treatment; managed successfully with

Case 3: A 52-year-old female presented
with delayed granuloma formation six
months post-PLLA injection, treated with
intraregional corticosteroids and resolved

immediate hyaluronidase administration
and supportive care.

over three months[36-38] (Table 1).
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Benefits and protocols of
combined treatments.

Guidelines for selecting
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Anatomical basis for targeted
filler injection.
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Economic analysis of filler
use in clinical practice.

Techniques and safety
considerations.

Benefits of combining
modalities for natural results.

Importance of structured
training to reduce
complications.

Analytical Discussion on Dermal Fillers: Types,
Indications, and Complications

Dermal fillers have revolutionized aesthetic
medicine by offering minimally invasive options for
facial rejuvenation and contouring. Their global
market has experienced exponential growth over the
past decade. According to the American Society of
Plastic Surgeons (ASPS), over 3 million soft tissue
filler procedures were performed in the United
States in 2022 alone, representing a 15% increase
compared to 2019 (ASPS, 2023). This surge
highlights both the popularity and clinical relevance
of fillers [39-41].

Types and Market Distribution

Hyaluronic acid (HA) fillers dominate the market,
accounting for approximately 85-90% of all filler
procedures worldwide (Allergan Market Report,
2021). This dominance stems from HA’s favorable
safety profile, reversibility, and versatility. Calcium

5

hydroxylapatite (CaHA) and Poly-L-lactic acid
(PLLA) fillers comprise roughly 7% and 2%,
respectively, while permanent fillers such as PMMA
account for less than 1%, reflecting concerns over
long-term complications [42-45].

The choice of filler type is influenced by treatment
goals: HA fillers are preferred for dynamic areas
requiring flexibility, such as lips and periorbital
regions; CaHA and PLLA are selected for
volumization in deeper tissues, like cheeks and
jawlines. Market surveys indicate that 65% of
practitioners use a combination of fillers to achieve
optimal outcomes (Global Aesthetic Survey, 2022).

Indications and Demographics

The primary indication for dermal fillers is the
correction of age-related volume loss and wrinkle
smoothing. According to a multicenter study of 1500
patients, the most commonly treated areas are
nasolabial folds (78%), lips (56%), cheeks (43%),
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and under-eye hollows (29%) (Smith et al., 2019).
The procedure is popular among females aged 35-54
years, who represent nearly 70% of patients.
However, there is a growing trend among younger
adults (25-34 years) seeking preventative or
enhancing treatments [46-48].

Complication Rates and Risk Factors

Despite the overall safety, complications occur in a
minority of cases. A meta-analysis of 58 studies
involving over 10,000 patients reported an overall
complication rate of approximately 3.8% for HA
fillers [49]. Most adverse events were mild and
transient, such as bruising (2.1%), swelling (1.8%),
and erythema (1.3%). More serious complications,
such as vascular occlusion, were rare, with incidence
estimated at 0.05-0.3% per treatment.

Risk factors for complications include injection
technique, practitioner experience, and anatomical
site. Vascular complications predominantly occur in
high-risk zones like the glabella and nasolabial folds
due to proximity to critical arteries. Delayed nodules
and granulomas, though infrequent (~0.2%), tend to
arise with semi-permanent or permanent fillers,
underscoring the need for careful filler selection
[49].

Advances in Safety and Efficacy

The integration of imaging modalities such as high-
frequency ultrasound has improved the detection of
vascular anatomy and filler placement accuracy,
contributing to a reduction in adverse events by
approximately 30% in centers using these
technologies. Furthermore, standardized training
programs have been shown to reduce complication
rates significantly. A retrospective review
comparing experienced injectors to novices showed
complication rates of 1.2% vs. 6.8%, respectively
[50].

Economic and Social Impact

The aesthetic filler industry is projected to reach a
global market value exceeding $6 billion by 2027,
driven by increased consumer demand and product
innovations. Social media influence and rising
acceptance of cosmetic procedures among men
(currently 15% of patients) contribute to this growth.
Dermal fillers have emerged as a pivotal modality in
aesthetic medicine, offering minimally invasive
solutions for facial rejuvenation, contouring, and
volume restoration. The evolution of filler materials,
injection techniques, and clinical understanding has
dramatically enhanced their efficacy and safety
profile, making them one of the most sought-after
cosmetic interventions worldwide. This conclusion
synthesizes the critical aspects of dermal fillers
types, indications, complications and outlines the
ongoing challenges and prospects for future
improvements [51].

Summary of Key Findings

Among the wide array of filler materials available,
hyaluronic acid (HA) fillers dominate clinical
practice due to their biocompatibility, reversibility,
and versatility. HA fillers can be tailored by
adjusting particle size, cross-linking, and viscosity
to suit various indications, from fine lines and
superficial ~ wrinkles to  deep  volumetric
augmentation. The ability to reverse HA fillers with
hyaluronidase in cases of complications or
unsatisfactory results provides a unique safety
advantage over other materials [52-54].

Other filler types, such as calcium hydroxylapatite
(CaHA) and Poly-L-lactic acid (PLLA), offer bio
stimulatory  effects by promoting collagen
neogenesis, providing longer-lasting results but
requiring more careful patient selection and
injection technique. Meanwhile, permanent fillers
like polymethylmethacrylate (PMMA) have become
less popular due to their association with long-term
adverse events such as granulomas and difficult
removal [55].

Indications and Patient Selection

Dermal fillers are primarily indicated for the
correction of age-related volume loss, wrinkle
smoothing, and enhancement of facial contours. The
most commonly treated areas include the nasolabial
folds, cheeks, lips, and under-eye hollows. Patient
demographics reveal a predominance of middle-
aged females seeking rejuvenation, although
younger adults are increasingly opting for
preventative and enhancing treatments. Proper
patient assessment including skin type, anatomical
considerations, and realistic expectation setting is
paramount to achieving satisfactory outcomes and
minimizing risks [56].

Complications and Their Management

While the safety profile of dermal fillers is generally
favorable, adverse events, ranging from mild to
severe, can occur. Common minor complications
such as bruising, swelling, and erythema are
typically  self-limiting. However, serious
complications like vascular occlusion, leading to
tissue necrosis or even blindness, although rare,
demand immediate recognition and intervention.
The incidence of vascular events is estimated
between 0.05% to 0.3% per treatment, underscoring
the critical importance of anatomical knowledge,
safe injection techniques, and readiness to manage
emergencies.

Delayed complications such as nodules and
granulomas, often associated with semi-permanent
or permanent fillers, emphasize the necessity for
appropriate filler selection and long-term follow-up.
Infection risk remains low but must be promptly
addressed with antibiotics and, if necessary, surgical
intervention [58-60].
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Advances and Innovations

Technological advancements, including the use of
high-frequency ultrasound imaging, have markedly
improved filler safety by enabling real-time
visualization of vascular structures and filler
placement. This imaging guidance helps reduce
inadvertent intravascular injection and guides more
precise delivery, which collectively decreases
complication rates [61-63].

Additionally, structured education and certification
programs for practitioners have proven effective in
enhancing injection technique proficiency and
reducing adverse events. Data suggest that
experienced injectors achieve significantly lower
complication rates, highlighting the importance of
specialized training in aesthetic medicine.

Economic and Social Implications

The global demand for dermal fillers continues to
rise, fueled by growing public acceptance of
cosmetic procedures, social media influence, and
increasing accessibility. The aesthetic filler market
is projected to surpass $6 billion by 2027, reflecting
its strong economic impact. Notably, an increasing
proportion of male patients and younger adults
underscores the broadening demographic appeal of
these treatments.

Challenges and Future Directions

Despite considerable progress, several challenges
persist. There remains a need for standardized
protocols regarding filler selection, injection depth,
and volume tailored to individual patient anatomy
and aesthetic goals. The risk of severe
complications, though low, necessitates ongoing
research into safer materials and more refined
techniques.

Future innovations may focus on the development of
novel filler formulations that combine immediate
volumization with sustained bio stimulatory effects

while minimizing immunogenicity and
complication risks. Enhanced imaging modalities,
artificial intelligence-driven injection guidance, and
personalized treatment planning based on 3D facial
mapping represent exciting frontiers.

Moreover, long-term safety data and registries are
essential for monitoring outcomes, identifying rare
adverse events, and guiding evidence-based
practice. Patient education and informed consent
must evolve alongside these advances to ensure
realistic expectations and shared decision-making.

Final Thoughts

Dermal fillers have transformed the landscape of
aesthetic medicine, providing effective,
customizable, and generally safe options for facial
enhancement. Their versatility allows practitioners
to address a wide range of concerns, from subtle fine
lines to dramatic contour restoration. However,
optimal results hinge on a comprehensive
understanding of filler properties, facial anatomy,
and potential complications, coupled with rigorous
training and adherence to safety protocols.

As technology and research continue to evolve, the
integration of innovative materials and imaging
techniques promises to further elevate treatment
outcomes and patient satisfaction. Maintaining
vigilance regarding complications and fostering
continuous practitioner education will be critical in
sustaining the success and growth of this dynamic
field [64].

Ultimately, dermal fillers exemplify  the
convergence of science, art, and technology in
medicine enabling tailored aesthetic improvements
that enhance patient confidence and quality of life.
The ongoing pursuit of safer, more effective
treatments reflects the commitment of clinicians and
researchers alike to advancing the standards of care
in aesthetic dermatology and plastic surgery (Table
2).

Table 2. The comparative table in English:

Material Natural Calcium and
Nature polysaccharide phosphate mineral
(biopolymer) (bio stimulator)
Indications Fine lines, Deep volumization,

wrinkles, volume
replacement, lips,
under-eye hollows

Duration of 6 to 18 months 12 to 18 months
Effect
Advantages - Reversible with

hyaluronidase

facial contouring,
deep wrinkles

Synthetic polymer Permanent synthetic

(bio stimulator) polymer
Collagen Permanent volume
stimulation, long- correction, deep defects,
lasting volume scars
restoration, skin
improvement

18 to 24 months Permanent (several years)
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Natural-looking results.

Lowest risk of allergy, Stimulates collagen
production.

Longer-lasting than HA.

Suitable for larger volume corrections,
Strong collagen stimulation.

Long-lasting effects.

Suitable for gradual restoration, Permanent
effect [65].

Ideal for deep, lasting corrections,
Disadvantages/Risks, Requires  repeat
treatments.

Low risk of allergic reaction.

Minor side effects like swelling, bruising,
Risk of granuloma formation [66].
Requires skilled injection technique,
Gradual onset (multiple sessions needed).
Risk of granuloma, High risk of
granulomas and chronic inflammation.

»  Serious issues if injected improperly.

YV VYV VV VY

YV WV VYV

Conclusion

The landscape of dermal fillers is characterized by
their widespread use, diverse applications, and
generally  favorable  safety  profile.  The
predominance of HA fillers reflects their
adaptability and reversibility, while the low but
significant complication rates emphasize the need
for expert clinical judgment.  Continued
advancements in anatomical understanding,
injection techniques, imaging guidance, and
practitioner education are essential to optimize
outcomes and minimize risks. With increasing
demand and technological progress, dermal fillers
will remain a cornerstone of aesthetic medicine for
years to come.

Dermal fillers represent a pivotal innovation in
aesthetic medicine, offering effective solutions for
facial rejuvenation and contouring. Their diverse
types and indications provide flexibility for tailored
treatment approaches. However, the spectrum of
potential complications calls for heightened clinical
vigilance and expertise. Continued advancements in
imaging, biomaterials, and personalized medicine
promise to enhance the safety and efficacy of dermal
filler treatments, meeting the growing demand for
minimally invasive aesthetic procedures.
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