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ABSTRACT

Contemporary cosmetic surgical approaches to facial rejuvenation have
undergone a significant transformation due to the integration of new
technologies aimed at addressing age-related facial changes. Among the most
commonly used minimally invasive techniques are neuromuscular blocking
agents and injectable fillers. The scope of minimally invasive procedures
encompasses a broad range of modalities, including nutritional and hormonal
interventions, light- and laser-based therapies, minimal-incision surgeries,
as well as botulinum toxin and dermal filler injections. This study specifically
focuses on injectable techniques for facial rejuvenation. Botulinum toxin
type A has demonstrated efficacy in softening hyper functional lines in both
the upper and lower face, with notable improvements observed in areas such
as the glabella, forehead, periorbital region, lips, and platysma muscle. More
recently, hyaluronic acid and other injectable fillers have gained widespread
use. These temporary fillers effectively diminish wrinkles and creases,
enhance deep nasolabial folds, augment thin lips, and correct volume loss
in periorbital hollows and other facial depressions or contour irregularities.
A major paradigm shift has occurred in facial rejuvenation, with injectable,
minimally invasive methods now offering solutions for age-related and
acquired deformities of the head and neck—providing temporary yet
effective corrections that were historically managed through more invasive
surgical approaches.
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INTRODUCTION

Facial aging has become an increasing concern in modern society. This
complex process involves two primary factors: progressive loss of facial
volume and repetitive muscular contractions that lead to the formation
of wrinkles and folds'.

Historically, facial rejuvenation relied heavily on dermatologic
procedures such as CO, laser resurfacing, microdermabrasion, and
electrical stimulation to stimulate collagen production in dermal
fibroblasts. The traditional approach centered on modifying the
dermal layers to counteract aging effects > Conventional surgical
techniques typically involved tissue excision and two-dimensional
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repositioning—tightening the skin primarily in
horizontal and vertical planes—without adequately
addressing underlying volume loss. Consequently,
skin tightening alone could sometimes result in an
unnatural or aged appearance.

The ideal outcome now emphasizes smooth,
firm, and well-hydrated skin, achieved through
the injection of fully absorbable, biocompatible
substances into the superficial dermis *>. Mesotherapy
injections promote skin rejuvenation by enhancing
both hydration and fibroblast activity. Additionally,
it is well established that antioxidants can mitigate
signs of aging. One of the most widely studied
theories posits that aging results from oxidative
stress, which damages proteins, DNA, and lipids.
In recent years, plastic surgery has experienced
a transformative evolution, marked by a decisive
shift toward minimally invasive techniques *. These
innovations have revolutionized aesthetic practice
by offering patients safer, more efficient, and less
invasive alternatives to achieve their cosmetic
goals. Minimally invasive procedures have surged
in popularity due to their ability to reduce scarring,
minimize postoperative discomfort, and accelerate
recovery. In contrast to traditional open surgeries—
which often require large incisions, extensive tissue
manipulation, and prolonged healing—minimally
invasive methods utilize smaller access points,
specialized instruments, and advanced technologies
to deliver optimal aesthetic results with minimal
disruption to natural anatomy?.

This study aimed to explore recent advancements
in minimally invasive techniques for facial
rejuvenation.

Injectables (Botulinum Toxin and Dermal Fillers)

Injectable treatments—primarily botulinum toxin
and dermal fillers such as hyaluronic acid (HA),
calcium hydroxyapatite (CaHA), and poly-L-lactic
acid (PLLA)—continue to serve as cornerstones of
non-surgical facial rejuvenation. Botulinum toxin
has consistently demonstrated short-term efficacy
in softening dynamic wrinkles and expression lines.
Experts have also highlighted its utility in refining
facial pore appearance and managing conditions like
masseter muscle hypertrophy and gummy smile °.

In addition, newer  filler = materials—
including PLLA, polycaprolactone (PCL), and
polymethylmethacrylate (PMMA) formulated as
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hydrogels—have attracted interest for their capacity
to restore volume, stimulate collagen production
through bioactive matrices, and achieve high patient
satisfaction. However, their long-term safety and
effectiveness warrant further clinical investigation’.
In contrast, combining HA with CaHA has yielded
encouraging outcomes in facial rejuvenation,
offering both immediate sustained collagen
stimulation, along with favorable tolerability,
high patient satisfaction, and only minor adverse
effects such as pain, swelling, nodules, or localized
inflammation ®.

Notably, the synergistic application of botulinum
toxin alongside dermal fillers appears to enhance
overall results, particularly in addressing dynamic
wrinkles and masseteric hypertrophy, with improved
patient satisfaction. When used in conjunction with
Profhilo—a stabilized HA-based gel—evidence
suggests superior and safer outcomes in neck
rejuvenation. However, caution is advised in patients
with pre-existing conditions such as muscular
weakness, joint instability, or spinal curvature, as
these may be exacerbated °. Despite its advantages,
this combined approach remains temporary, carries
risks of asymmetry, bruising (ecchymosis), ptosis,
or headache, and can be costly. Rare but serious
complications—including dysphagia, facial nerve
paralysis, systemic botulism, and even death—have
been documented, underscoring the critical need for
ongoing research to refine techniques and enhance
patient safety .

When choosing a filler, clinicians must evaluate
key factors such as rheological properties, target
tissue depth, and individual anatomical variations.
HA fillers offer distinct benefits, particularly their
reversibility with hyaluronidase, making them a
safer option for less experienced injectors. Non-
HA fillers, while associated with higher risks,
may be preferred when longer-lasting results are
desired '. Differentiating between biphasic HA
fillers—which provide robust volumizing effects but
are less moldable—and monophasic HA fillers—
which exhibit greater cohesiveness, softness, and
adaptability—along with assessing viscoelastic
characteristics, enables more precise, individualized
treatment planning '*.

Clinically, HA fillers have proven highly effective
for midface volumization, tear trough correction,
and lip augmentation. Additionally, HA-based “skin
boosters” have gained popularity for improving
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skin hydration and elasticity, meeting the growing
demand for subtle, natural-looking enhancements.
Nevertheless, serious complications—including
vascular occlusion, vision loss, and immune-
mediated  reactions—have  been  reported,
emphasizing the necessity of thorough patient
assessment and in-depth anatomical knowledge '
Currently, HA fillers remain the most widely utilized
injectables, especially for correcting nasolabial folds.
Their favorable safety profile is further supported by
the availability of hyaluronidase for prompt reversal
of complications. Common, self-limiting side effects
include pain, redness (erythema), swelling (edema),
and transient nodules. However, moderate to severe
adverse events—such as infection, filler migration,
and vascular compromise—can occur. Treatment
outcomes are influenced by multiple variables,
including injector expertise, product characteristics,
injection technique, and patient-specific factors
B, Furthermore, a dual-plane injection technique
using HA has been described for acne scar
revision, targeting both dermal and subdermal scar
components to achieve structural remodeling .

To support standardized clinical practice, a panel
of experts has developed a consensus framework
simplifying the use of the Restylane family of HA
fillers. This guidance aligns product selection
with specific facial regions, outlines exceptions,
and recommends optimal injection techniques—
aiming to harmonize clinical approaches, enhance
reproducibility, and improve decision-making in
aesthetic practice *°.

Bio-Stimulatory and Regenerative Therapies

Bio-stimulatory fillers—including calcium
hydroxyapatite (CaHA), poly-L-lactic acid (PLLA),
and polymethylmethacrylate (PMMA)—deliver
longer-lasting aesthetic improvements by promoting
endogenous collagen synthesis. CaHA, in particular,
serves a dual function: offering immediate
volumetric correction and delayed regenerative
benefits through neocollagenesis'®

Biostimulatory agents such as PLLA, CaHA,
platelet-rich plasma (PRP), and platelet-rich
fibrin (PRF) have demonstrated positive effects in
localized facial rejuvenation by enhancing collagen
production. Their clinical outcomes depend
on factors including the specific agent subtype,
delivery technique, and use of adjunctive therapies.

However, current evidence remains inconsistent,
with no standardized protocols for preparation,
administration, or objective assessment of results—
highlighting the need for further validation through
rigorous studies'’.

In facial rejuvenation, PLLA has emerged as a safe
alternative—comparable to hyaluronic acid (HA)
and collagen-based fillers—with proven efficacy
in improving skin texture, firmness, and elasticity,
and consistently high patient satisfaction rates. To
mitigate potential adverse effects, various strategies
have been proposed, including optimized dilution
protocols, adequate hydration periods prior to
injection, and refined administration techniques.
Despite these advances, the heterogeneity of existing
studies underscores the necessity for long-term
clinical trials to confirm safety, assess durability, and
explore novel formulations '®.

CaHA also holds specific utility in hand rejuvenation,
where innovative dilution or hyperdilution
techniques have yielded favorable aesthetic
outcomes. Furthermore, combining biostimulators
with botulinum toxin, dermal fillers, and energy-
based devices appears to produce synergistic
enhancements in skin laxity and wrinkle reduction.
At the cellular level, these combinations are thought
to amplify fibroblast activity through distinct
mechanisms: CaHA activates transforming growth
factor-beta (TGF-p) and macrophages; PLLA
stimulates collagen via lactic acid degradation; and
HA fillers engage CD44-MAPK signaling pathways,
further potentiated by hydration. These regenerative
processes are augmented when paired with
controlled thermal or mechanical injury induced
by energy-based modalities such as high-intensity
focused ultrasound (HIFU), radiofrequency (RF)
microneedling, and intense pulsed light (IPL).
Additionally, botulinum toxin type A contributes
by reducing dermal tension and stabilizing collagen
remodeling. Despite the promise of these multimodal
approaches, robust clinical evidence is still needed
to validate efficacy, standardize treatment protocols,
and establish long-term safety profiles *°.

Although common side effects like erythema and
localized edema are typically transient, experts
caution that rare but significant complications—
such as granulomatous inflammation and nodule
formation—can occur with biostimulatory agents.
Standardized management guidelines for such
adverse events remain essential '%.
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Meanwhile, polynucleotides (PNs) and PRP have
garnered increasing interest for their ability to
enhance skin elasticity, tone, and texture, particularly
in sensitive regions like the periorbital area, where
they effectively reduce fine lines®.

Polynucleotides stand out as naturally derived agents
that promote tissue regeneration, hydration, collagen
synthesis, and overall skin quality with sustained
effects. Their safety profile appears superior to that
of HA fillers and collagen-stimulating products.
Compared to PRP or PRF, PNs also offer practical
advantages, including lower cost, shorter procedural
time, and reduced dependence on operator
technique .

Similarly, PRP therapy has shown encouraging
results in treating female hair loss conditions such
as androgenetic alopecia, telogen effluvium, and
female pattern hair loss. Its mechanism involves the
release of growth factors—including platelet-derived
growth factor (PDGF) and vascular endothelial
growth factor (VEGF)—which activate stem cells
and promote angiogenesis. As an autologous,
biocompatible treatment, PRP carries a favorable
safety record. However, significant variability exists
in preparation methods, centrifugation protocols,
and external influencing factors. Therefore,
further long-term studies are needed to clarify its
efficacy, durability, and potential synergies with
other therapies. Among available preparation
techniques, the single-spin centrifugation method
has demonstrated superior clinical outcomes?'.

Mechanical Lifting (Thread Lifting)

Thread lifting using biodegradable materials such
as PLLA, PCL, or polydioxanone (PDO) offers a
minimally invasive approach to correct surface
irregularities, fine lines, and volume loss. Beyond
lifting, these threads also enhance skin texture and
firmness, granting clinicians improved precision in
tissue repositioning and contouring *.

PDO threads, in particular, are regarded as
a promising technique in non-surgical facial
rejuvenation. However, robust clinical data remain
limited regarding their performance across diverse
populations, skin types (Fitzpatrick phototypes),
and comparative safety and efficacy profiles among
different thread variants—including spiculated
versus monofilament designs and materials such as
PDO, PLLA, and PCL %.
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Complication rates associated with thread lifting
are influenced by multiple factors: thread material,
fixation mechanism, surface texture, and anatomical
placement. In terms of material, PCL has been
linked to increased tissue sensitivity and bruising
(ecchymosis), whereas PDO tends to provoke less
inflammatory response but carries a relatively higher
risk of infection. PLLA demonstrates an intermediate
safety profile between the two. Regarding thread
design, barbed threads—most commonly made
of PDO—are associated with higher incidences of
erythema, ecchymosis, tenderness, and infection
compared to smooth threads. Conversely, smooth
threads, due to their greater mobility within tissue,
are more frequently linked to inflammation, redness,
and bruising. Anatomicallocation further modulates
risk: placement in the midface—characterized by
thinner skin and rich vascularization—often results
in more pronounced inflammation, ecchymosis,
and sensitivity. In contrast, use along the jawline, in
proximity to branches of the trigeminal nerve and
dense salivary gland tissue, increases the likelihood
of paresthesia and infection. Collectively, these
risks emphasize the critical importance of operator
expertise, thorough anatomical knowledge, and
diligent post-procedural monitoring *.

Laser Treatments

Recent advancements in laser technology have
significantly expanded the repertoire of minimally
invasive options available to plastic surgeons. Lasers
havedemonstrated high efficacyinaddressinga variety
of aesthetic concerns, including skin rejuvenation,
scar revision, and hair removal *. For example,
fractional laser resurfacing promotes collagen
remodeling and enhances skin texture, effectively
diminishing the appearance of wrinkles and scars.
The precision and adaptability of laser systems make
them indispensable in modern aesthetic practice *.
By fine-tuning parameters such as wavelength and
energy intensity, clinicians can selectively target
specific tissues while sparing surrounding structures.
Another widely used application, laser lipolysis,
employs laser energy to melt and eliminate localized
fat deposits, enabling refined body contouring with
minimal scarring. Importantly, laser platforms can
be customized to accommodate different skin types
and clinical conditions, broadening their applicability
across diverse patient populations *
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Fat Transfer

Fat transfer—also referred to as fat grafting or
lipofilling—involves the extraction of adipose
tissue from a donor site on the patient’s body and
its subsequent reinjection into areas requiring
volume restoration or contour enhancement®. This
technique has undergone substantial refinement
in recent years, with optimized protocols for fat
harvesting, processing, and delivery ¥. Innovations
such as microfat and nanofat grafting enable more
accurate placement of adipocytes, leading to
improved graft take, enhanced tissue integration,
and more durable outcomes. Fat transfer is now
routinely employed in facial rejuvenation, as well
as in augmentation procedures for the breasts and
buttocks .

Scarless Surgery

Progress in minimally invasive surgical approaches
has paved the way for scarless or nearly scarless
interventions. A notable example is transoral
endoscopic surgery, which grants surgeons access
to internal anatomical structures through the
oral cavity, thereby avoiding external incisions
and eliminating visible scarring *. These scarless
techniques not only deliver excellent functional
results but also offer superior cosmetic outcomes,
helping patients avoid the psychological burden
often associated with postoperative scars *.

CONCLUSION

As aesthetic medicine continues to evolve, this
comprehensive review underscores the increasing
clinical relevance of nonsurgical and minimally
invasive techniques in facial rejuvenation. The
transition from conventional surgical methods
to less invasive modalities mirrors a wider trend
shaped by patient preferences for safer procedures,
shorter recovery periods, and outcomes that appear
natural. Nevertheless, these approaches are not
devoid of limitations. The review highlights a range
of potential adverse events and stresses the critical
role of thorough anatomical understanding and
individualized risk assessment in clinical decision-
making. Furthermore, the evidence supports
the strategic combination of therapies to achieve
comprehensive, multidimensional rejuvenation.

Consequently, future research should prioritize
well-structured randomized controlled trials and
long-term longitudinal studies that assess not only
treatment efficacy but also sustained safety profiles,
patient-reported satisfaction, and cost-effectiveness
across diverse populations and skin types.
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