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Abstract: As the face ages, the skin, fat, muscle, and fascia descend, and the underlying
bone, cartilage, and teeth may lose mass. Oculofacial aging is a multifactorial process that
is influenced by genetic, environmental, and lifestyle factors. This review summarizes the
patterns of oculofacial aging that are observed across populations, including variations
in periorbital hollowing, eyelid ptosis, and skin elasticity. Evidence indicates significant
variability in aging patterns between sex- and race-based subgroups. Nonetheless, there
remains a paucity of research on the progression of aging in some under-studied demo-
graphic groups. Signs of oculofacial aging often become apparent to patients well before
these changes reach full maturity in later years, leading many to seek early esthetic interven-
tions. Others may present with more advanced signs of aging, motivating a diverse range
of therapeutic options. We discuss minimally invasive esthetic interventions to mitigate
the signs of aging, which may include botulinum toxin injections, dermal fillers, applied
energy-based treatments (e.g., lasers), and emerging techniques such as micro-focused
ultrasound and platelet-rich plasma therapies. We review evidence on outcomes related to
patient satisfaction and quality of life following esthetic interventions for oculofacial aging.
Finally, we outline ethical considerations and challenges faced with the delivery of esthetic
surgery, including treatment complications and the influence of social media. This review
provides a comprehensive overview of oculofacial aging patterns, its management, and
important considerations for the provision of esthetic oculofacial treatment.

Keywords: oculoplastic surgery; oculofacial surgery; aging; esthetics; minimally invasive
procedures; diversity equity inclusion

1. Terminology and Scope
Oculofacial aging refers to the morphological evolution of orbital and periocular

structures in response to senescence-related changes, for which the underlying etiology
is multifactorial and may include genetic and environmental factors [1,2]. Although the
advanced stages of oculofacial aging are well recognized, the signs of this progressive
phenomenon may begin to manifest in early adulthood. The signs of oculofacial aging may
involve periorbital hollowing, eyelid ptosis, and reduced skin elasticity [2].
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In this narrative review, a manual review of PubMed (search terms: “oculofacial
ageing”, “peri-orbital ageing”, “facial ageing”) and citation lists of considered studies was
conducted to summarize the patterns of oculofacial aging across populations and provide
an overview of minimally invasive esthetic interventions for the treatment of age-related
periocular changes. Finally, we review the literature on post-intervention outcomes related
to patient satisfaction and quality of life, followed by a discussion on ethical considerations
and challenges associated with the provision of periocular esthetic treatment.

2. Patterns of Oculofacial Aging
2.1. Pathophysiology

Genetic factors, which play a pivotal role in determining the trajectory of oculofacial
aging, influence the production of collagen and elastin proteins essential for maintaining
skin elasticity and firmness [3]. Several genes underline the structure and function of
collagen and elastin, where different polymorphisms of these genes between individuals
have been suggested to confer varying resistance to aging [4]. In extreme cases, conditions
of anomalous or deficient matrix proteins may predispose individuals to accelerated skin
aging patterns [3].

To date, human collagen is thought to be influenced by a family of 46 genes [4]. Skin
is primarily composed of fibrillar collagen, which is predominantly composed of type I
collagen (contributed by the COL1A1 and COL1A2 genes), with smaller contributions
from type III (involving the COL3A1 gene) and type V (involving COL5A1 and COL5A2)
collagen [5]. In contrast, elastin, encoded by the ELN gene, includes 34 exons, 6 of which (22,
23, 24, 26A, 32, and 33) are alternatively spliced to modulate gene expression [6]. Notably,
exposure to ultraviolet (UV) light and high temperatures has been associated with the
increased expression of exon 26A—normally excluded—leading to structural changes in
elastin fibers linked to photoaged skin [7].

Besides determining matrix protein integrity, genetic factors also predict general re-
sistance to inflammatory and oxidative stressors [8]. The features of age-related changes,
including cellular and immune senescence, are driven by chronic systemic inflammation [9].
For instance, higher levels of superoxide dismutase 2 (SOD2), an enzyme responsible for
neutralizing reactive oxygen species, may enhance resistance to oxidative stressors, poten-
tially lowering the risk of age-related outcomes [10]. Moreover, genome-wide association
studies suggest a median heritability of 37% across a wide array of immune traits and cell
types, which appear to be key determinants in the inflammatory aging process [11].

Genetic factors further influence the content and type of cutaneous melanin, a protec-
tive factor against UV radiation [12]. Clinically, the Fitzpatrick skin type stratifies the range
of cutaneous melanin content from types I to VI [13]. Higher Fitzpatrick classifications (IV
to VI) demonstrate delayed photoaging effects due to elevated UV protection conferred by
higher melanin contents [12,14].

Besides genetic factors, environmental risk factors also play a significant role in oculo-
facial aging. Sun exposure is among the most prominent risk factors for skin aging. In-
creased exposure to sun-derived UV light accelerates photoaging, manifesting as cutaneous
wrinkling, altered skin texture, and hyperpigmentation [15]. UV-B radiation damages
the epidermis, causing DNA damage, pigmentation changes, and carcinogenesis, while
UV-A wavelengths penetrate deeper into the dermis, leading to collagen breakdown and
proteinase production [16]. These processes involve the generation of reactive oxygen
species, thereby increasing oxidative stress and resulting in apoptosis, melanogenesis,
and damage to DNA and proteins (e.g., collagen) in cutaneous soft tissue [17]. Further,
exposure to air pollutants (e.g., nitrogen dioxide, ozone, and polycyclic aromatic hydrocar-
bons, among other particulates) is another risk factor for skin aging, as it also generates
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reactive oxygen species, leading to cutaneous inflammation [17]. Various climate factors
(e.g., aridity, extreme temperatures, and excess wind or air conditioning exposure) promote
trans-epidermal water loss and moisture depletion from the stratum corneum, resulting in
dermal irritation and cutaneous wrinkling [18,19].

Lifestyle exposures compose a third major category of aging risk factors. Of these,
heavy smoking has been linked to accelerated periorbital wrinkling, tear-trough hollowing,
and under-eye puffiness [20,21]. One mechanism for this association may involve the
induced vasoconstriction of the periocular vascular supply [22], which may contribute to a
dull ashen-like skin quality with premature periocular wrinkling. Further, smoking has
been associated with impaired collagen production and increased synthesis of degrading
matrix metalloproteinases, resulting in wrinkling and premature skin aging [23,24]. Com-
paratively, less consistent evidence supports alcohol ingestion as a risk factor for facial
wrinkling and midface volume loss [25]. Healthy diets emphasizing sufficient fluid, an-
tioxidants (e.g., vitamins A, C, and E), and carotenoid intake are associated with decreased
facial wrinkling [26]. Other potential risk factors include chronic stress [27], the stasis of
dynamic wrinkling induced by repetitive facial expressions (e.g., squinting, frowning) or
distortions during sleep [28], and generally poor sleep hygiene [29]. A visual illustration of
the pathophysiological contributors to periorbital aging are depicted in Figure 1, whereas
Table 1 summarizes skin-related changes caused by these contributors.
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Figure 1. Visual summary of common pathophysiological contributors to periorbital aging. Among
these, sun exposure is a leading contributing factor. In this diagram, stress refers to both psychological
stress and mechanical stressors to the skin (e.g., facial rubbing, stretching from longstanding edema,
repetitive facial expressions, and sleeping prone). Abbreviation: ROS (reactive oxygen species).

Table 1. Summary of skin-related changes from common pathophysiological contributors to perior-
bital aging.

Contributor Class Mechanism

Sun Exposure Modifiable DNA damage, carcinogenesis, and
degradation of the extracellular matrix

Extreme Climate Modifiable Trans-epidermal water loss and moisture
depletion

Air Pollution Modifiable Generation of reactive oxygen species

Smoking Modifiable
May be related to cutaneous

vasoconstriction, impaired extracellular
matrix quality
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Table 1. Cont.

Contributor Class Mechanism

Diet Modifiable Retention of moisture, supplementation of
antioxidants and carotenoids

Chronic Stress and
Poor Sleep Modifiable Promotion of inflammation- and

oxidation-related skin changes
Repetitive Facial

Expressions Modifiable Repetitive reinforcement of dynamic
wrinkling

Extracellular Matrix Genetic Anomalous or deficient matrix proteins
may reduce resistance to aging

Innate Resistance to
Inflammatory and
Oxidative Stressors

Genetic Impaired resistance to inflammation- or
oxidation-related skin damage

Cutaneous Melanin Genetic Protective against ultraviolet radiation
Cutaneous Melanin Genetic Protective against ultraviolet radiation

2.2. Periorbital Aging Patterns

Oculofacial aging induces changes in orbital and facial regions throughout ones’s
lifespan. Generally, youthful appearances are associated with seamless transitions between
facial contours and uniform skin textures, while periocular aging alters the qualities of
bony and soft tissue landmarks, resulting in a less cohesive facial structure [2]. The changes
in the face with aging can be categorized into those affecting the upper and middle face.
Jowls occur from the sagging of the platysma muscle behind the mandibular ligament, but
we will not discuss this in detail. Figure 2 depicts common clinical examination findings in
peri-ocular aging.
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2.2.1. Upper Face: Forehead, Brows, and Upper Eyelids

In the early stages of oculofacial aging, the most notable changes can be seen as
decreased skin elasticity and changes in pigmentation, the onset of periorbital hollowing,
and mid-eyelid changes. The decreased elasticity of the skin results from a reduction in the
number of fibroblasts that synthesize collagen and elastin, thereby increasing the propensity
for skin laxity and periocular fine wrinkle lines [1]. There is also periorbital tissue hollowing,
particularly between the eyes and the upper medial cheeks, primarily driven by the volume
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depletion of soft tissue and bone resorption [30,31]. The upper one-third of the face includes
the forehead, which has an important role in providing structural support to the eyebrows
and eyelids. It is bounded by the hairline (superiorly), the temporal ridge (laterally), and
the supraorbital ridge (inferiorly). The frontal and parietal bones contribute to the skeletal
structure of the forehead, which undergoes changes over time that contribute to oculofacial
aging. The frontal bone enlarges and undergoes curvature distortion at the orbital rim,
contributing to an overall flattening of the forehead [32–34]. This flattening contributes to
the inward projection of the eyebrows and eyelids.

Furthermore, with age, the forehead, temporal, and brow regions undergo lipoatrophy,
making the underlying bony structures, such as the supraorbital rims, more pronounced.
This loss of subcutaneous fat gives the face a gaunt appearance. Volume loss in the forehead
and temple regions also decreases structural support for the lateral brow, resulting in brow
ptosis near or below the supraorbital rim [35,36]. Moreover, with subcutaneous fat loss
and decreased skin elasticity with aging, the forehead expression muscles become more
pronounced, leading to the formation of deep rhytids [37]. Transverse rhytids are formed
by the frontalis muscles, which elevate the brow and forehead. The procerus muscle
contributes to horizontal glabellar furrows. Vertical rhytids are formed primarily by the
corrugator supercillii and depressor supercilii muscles, which pull the brow medially and
inferiorly [2].

The eyebrows, eyes, and periorbital areas are a primary site of facial aging and are
among the most expressive regions of the face. A youthful appearance in the periocular
region is associated with eyebrow positioning above the supraorbital ridge, with forward
projection due to underlying retro-orbicularis oculi fat. As stated, lipoatrophy with age
causes the brow to fall, due to reduced structural support from decreased fat content and
increased skin laxity [38]. Temporal hooding may occur because the medial brow typically
descends less than the lateral brow. Next, the upper eyelid undergoes several changes
with aging, particularly dermatochalasis, blepharoptosis, and the formation of crow’s feet.
The attenuation of the orbital septum causes forward prolapse of the periocular fat in
the upper and lower lid. Dermatochalasis is characterized by increased skin laxity and
redundancy of the eyelid skin, a hallmark sign of periocular aging [39]. In comparison,
blepharoptosis is defined as the descent of the upper eyelid margin, caused by weakening
of the levator muscle and its attachments [40]. Periocular ligaments (e.g., orbito-malar
ligaments) likewise undergo aging changes, giving rise to deep periorbital hollows that
may be striking to patients. Patients may also experience facial volume loss secondary
to fat atrophy in the upper and lower eyelids, contrasting with fat prolapse, which may
occur independently or in other patients. Lastly, crow’s feet are rhytids radiating from the
lateral canthal area, caused by the repeated contraction of the orbicularis oculi muscle over
time [41].

2.2.2. Midface: Lower Eyelids and Nose

The midface is the region inferior to the lower eyelids and superior to the oral com-
missure. Faces that appear youthful have an ogee curve, an S-shaped contour noticeable
on the cheek when the face is viewed from an oblique angle [42]. This curve involves a
double curve with a single upper convexity formed by the suborbicularis oculi fat and
malar fat pad, which converge at the nasolabial fold [2]. With periocular aging, there is
gradual volume loss and sagging/descent of the midface, leading to a flattened double
convexity and disruption of the naturally occurring ogee curve [2]. The inferior eyelid
skin, eyelid fat pads, and both the pretarsal and preseptal portions of the orbicularis oculi
muscle shape the first upper convexity. Due to the enlargement and pseudoherniation of
orbital fat, the lower eyelid fat pads gradually appear more pronounced, emphasizing the
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tear trough [2]. In contrast, the suborbicularis oculi fat, malar fat pad, and orbital portion
of the orbicularis oculi muscle contribute to the lower convexity. Deeper tissues begin to
sag separately from the superficial skin, as areas with underlying facial ligaments, such
as the lid–cheek junction, experience reduced gravitational effects. The superficial aspect
of the inferior eyelid is highly prone to sun exposure and associated photoaging effects,
which may lead to skin malignancies, pigmentation changes, and rhytid formation [2].

Furthermore, the development of age-related eyelid malposition is closely linked to
the age-related changes seen in the midface. The laxity or disinsertion observed within the
medial or lateral canthal tendons may result in entropion or ectropion due to the inversion
or eversion of the inferior eyelid, respectively [2]. Within the midface, sagging can worsen
ectropion and lead to various symptoms, including eczematous skin changes, tearing, and
foreign body sensation [2].

Regarding the nose, it may appear larger due to alterations in projection, while nearby
structures recede as a result of age-related changes [37]. Simultaneous maxillary and
nasal bone loss enlarges the piriform aperture, reducing nasal support and causing the
columella and lateral cartilage to shift backward, leading to nasal tip ptosis and altering
nose projection [2].

2.2.3. Demographic Differences

Males and females exhibit some differences in the oculofacial aging patterns. In terms
of aging onset, women experience minimal change by age 30, whereas men experience
a significant increase in facial size [43]. Often, after the age of 50, women tend to ex-
perience a steeper trajectory of facial aging compared to men, particularly during early
menopause [44]. Women experience more rapid soft tissue atrophy compared to men
during pre-menopause; however, men exhibit more pronounced volume loss in the peri-
ocular area, with more severe lower eyelid sagging [45]. Men also have a reduced innate
antioxidant capacity, making them more susceptible to UV-induced cellular damage [45].

Similarly, oculofacial aging patterns vary across racial demographics, some of which
are illustrated in Figure 3. Caucasian patients generally have thinner skin and less subcu-
taneous fat compared to other racial groups, making them more vulnerable to the early
onset of fine rhytids, particularly around the eyes and forehead [46]. These patients are
also more affected by UV-induced damage due to lower melanin content, often presenting
with dyspigmentation and textural changes [47]. Furthermore, Caucasian skin often has
a thinner stratum corneum and reduced extensibility, which contributes to earlier signs
of aging. Caucasian patients typically have more prominent brow ridges and deeper-set
eyes, which may emphasize feature prominence with age-related facial volume loss [48].
Characteristic aging changes in Caucasians include fine rhytid formation in the periorbital
and periocular regions, skin sagging, and jowl formation around the neck and chin [46,49].
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Figure 3. Example of varying female oculofacial aging patterns between population groups. Images
were generated using artificial intelligence to preserve patient confidentiality. (A) Caucasian. (B) East
Asian. (C) Black or African American. The features of oculofacial aging are typically more advanced
among Caucasian patients, exemplified in this figure by deeper rhytids and periocular hollowing.
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In comparison, Asian patients have thick skin and more subcutaneous fat, which often
delays the onset of fine lines and rhytids [46]. Research suggests that Asians have a weaker
facial skeletal framework, which may make them more prone to midface soft tissue descent,
malar fat pad ptosis, infraorbital hollowing, and tear trough formation [46]. Anthropo-
metrically, South Asian individuals tend to have higher cheekbones and more prominent
buccal fat [46]. Differences in facial skin characteristics also exist within Asian populations.
For instance, Japanese individuals have shown increased skin moisture retention compared
to other Asian groups [50]. There is also considerable variability in melanin content within
Asian populations, with individuals from India generally having darker, more melanin-rich
skin, while Japanese individuals tend to have the least melanin [46]. Further research is
needed to be better understand subgroup differences within Asian populations.

Similarly, African individuals often display signs of aging at later ages compared
to their Caucasian counterparts due to higher melanin content and a thicker stratum
corneum [46,51]. They also have increased fibroblast activity, which helps maintain skin
structural integrity [46,51]. In this group, aging may be associated with lesser midfacial
bony volume loss than among Caucasian patients [52]. Additionally, concerns around
hyperpigmentation and uneven skin tone tend to be more prominent [46].

Aging patterns among Hispanic and Latin American patients are less well char-
acterized, though concerns related to skin mottling, infraorbital hollowness, shadow-
ing, and jowl formation have been reported [53]. Similarly to individuals of Asian and
African descent, they have increased melanin content, which reduces the effects of photoag-
ing [37]. More research is needed to better understand the characteristic aging patterns in
this population.

Research on facial aging patterns among Native American and Pacific Islander popula-
tions is limited, highlighting the need for further studies to better understand their unique
signs of aging and to develop appropriate oculofacial interventions.

3. Perception of Oculofacial Aging
Especially among older adults, patients’ self-perceptions of aging are thought to

influence physical, cognitive, and social functions [54]. Indeed, within this age group, the
self-perception of aging is an important psychosocial factor that can affect perceived quality
of life [55], with evidence supporting an association between a positive aging perspective
and enhanced quality of life [55].

Evidence suggests that a growing range of patient demographics demonstrates an
interest in oculofacial procedures. Between 2019 and 2022, facial surgical procedures
increased by 18%, while the use of neuromodulating injections increased by 73% [56].
Although older patients often seek treatment to address advanced signs of aging, younger
demographics are increasingly pursuing treatment to delay the aging process [57]. Indeed,
one systematic review found that 21–43% of college-aged survey participants (more often
young women) expressed interest in cosmetic procedures, with 1.3–6.4% reported previous
cosmetic procedures [57]. Especially among young women, cosmetic procedure use is
inversely associated with body satisfaction, and this relationship appears to be influenced by
digital media perceptions, the value placed on physical appearance, the role of appearance
in self-worth, and the influence of celebrities [57]. Of these, social media is an emerging
factor; more time spent on such platforms and the development of negative self-perceptions
are associated with an increased likelihood of undergoing elective cosmetic procedures [58].
As social media use rises, it is unsurprising that the prevalence of body dysmorphic
disorder has also increased in the oculoplastic surgery setting, particularly among female
and Caucasian patients [59]. However, while such patients are more likely to pursue
cosmetic treatment, they are also more likely to express dissatisfaction with postoperative
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outcomes [60,61]. Clinicians should remain aware of the growing influence of cultural
pressures in cosmetic procedures, especially among women who face greater societal
pressures regarding body ideals promoted by media [62].

Evidence suggests that Caucasian women report lower levels of general body satis-
faction compared to other racial groups, though demographic differences regarding the
importance of facial features have been less thoroughly studied [63]. Some evidence in-
dicates that Black or African American women report higher levels of body appreciation,
potentially due to broader acceptance of beauty ideals that diverge from Eurocentric stan-
dards [63]. Although less studied, research suggests that Asian American women report
similar levels of body dissatisfaction to Caucasian women and often internalize Eurocentric
standards [63]. Beyond North American women, among Chinese women living in East
Asia, one report suggests that Chinese subjects perceived Chinese faces to appear more
youthful after the manipulation of dark facial spots than after wrinkling or skin sagging [64].
Comparatively, reports on body satisfaction among Hispanic or Latin American women
are conflicting, with indications of either more favorable or comparable dissatisfaction
levels to non-Hispanic women [63]. Although facial features are often highly valued by
women, particularly among racialized groups, such features are rarely included in body
image research [63].

4. Minimally Invasive Esthetic Interventions
Patient selection is paramount when considering facial rejuvenation procedures,

whether incisional or non-incisional. This selection should be primarily informed by
the collection of a comprehensive preoperative history and assessment. The patient’s chief
concerns and expectations should be noted, along with the history of the presenting com-
plaint (e.g., site, onset, associated symptoms, impact on function, and contributing factors
to age-related changes). Relevant medical history (e.g., dry eye disease, anticoagulants,
systemic conditions such as thyroid associated orbitopathy, previous facial traumas or
procedures, and psychiatric history) should be identified. A comprehensive oculoplastic
physical examination including the Fitzpatrick skin type should be performed. If indi-
cated, further investigations may be needed to rule out pathological mimics of facial aging,
especially for atypical-appearing cases.

Instead of surgical rhyridectomy, we will focus on the minimally invasive esthetic
interventions used to treat oculofacial aging, including botulinum toxin injections (“Botox”),
dermal fillers, energy-based treatments (e.g., lasers), and emerging techniques such as
micro-focused ultrasound and platelet-rich plasma therapies.

4.1. Botulinum Toxin

Botulinum toxin was first identified in 1973 as an injectable substance capable of
inducing local and prolonged muscle weakness [65]. Its mechanism involves the inhibition
of acetylcholine release at the neuromuscular junction, with flaccid paralysis of the target
muscle for months [65]. Early ophthalmic and oculofacial applications of botulinum toxin
included treatments for strabismus (1979), blepharospasm (1982), and hemifacial spasm
(1989) [66]. Since then, its use has expanded to treat glabellar rhytids, lateral canthal rhytids,
upper nasalis rhytids, lower eyelid rhytids, eyebrow lifts, patients with thyroid-associated
orbitopathy who have glabellar rhytids or lid retraction, use in adjunctive therapy to
prolong CO2 laser treatment results [66], botulinum ptosis in patients with compromised
corneas, and lacrimal gland injections for recalcitrant tearing. Botulinum toxin can also
be used for perioral rhytids and platysma bands. In our experience, botulinum toxin has
been useful for the treatment of dynamic rhytids at areas with crow’s feet, glabellar folds,
and forehead wrinkling. Botulinum toxin is contraindicated in cases of active infection at
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injection sites, allergy, pregnancy or lactation, and in patients with a history of neuromus-
cular disorders (e.g., amyotrophic lateral sclerosis, myasthenia gravis, multiple sclerosis,
and Eaton–Lambert syndrome) [67]. While botulinum toxin is not expected to cross the
placental barrier, evidence of its safety during pregnancy is limited [67].

The effects of botulinum toxin injection typically manifest within one to four days
post injection, and last three to six months, with maximum effect observed at one to four
weeks [68]. As an oculofacial esthetic intervention, multiple studies report high patient
satisfaction and improved psychological outcomes with botulinum toxin injections in short-
and long-term contexts [69]. After five cycles of therapy, patients and providers report even
higher satisfaction rates [67]. For patients with facial lines and disorders like strabismus,
botulinum toxin therapy has also been shown to significantly improve quality of life [70,71].

For some patients, botulinum toxin may sufficiently reduce signs of oculofacial aging;
however, it is a temporary treatment requiring repeated injections to maintain results. The
interval between injections varies based on individual muscle anatomy, with most patients
requiring reinjection every three to four months [68]. Some patients may also develop
tolerance to botulinum toxin. In such cases, switching to another formulation or adjusting
the dosage may be beneficial. Evidence suggests that up to 5–15% of patients using older
botulinum toxin formulations repeatedly or at escalating doses developed neutralizing
antibodies, reducing treatment effectiveness [72]. For this reason, the lowest effective dose
with at least a one-month interval between injections is recommended [72].

The esthetic application of botulinum toxin injections carries a relatively favorable
safety profile [73]. Reported localized side effects include pain, ptosis, lower eyelid droop-
ing, ecchymosis, diplopia, muscle weakness, ectropion, hypesthesia, and headache [73–75].
Systemic adverse effects may include rashes, nausea, headache, fatigue, and flu-like symp-
toms [76].

4.2. Dermal Fillers

Dermal fillers are a minimally invasive option for reducing signs of periocular aging
and can be classified based on their composition and durability [77]. They work by adding
volume to and filling in soft oculofacial tissues, ultimately promoting facial rejuvenation
and a more youthful appearance [78,79].

Esthetically, dermal fillers may be indicated for the tear trough area, upper eyelid,
lateral canthal lines, glabellar rhytids, and brow [77]. In our experience, dermal fillers
are often used for the treatment of nasolabial folding. These fillers are contraindicated in
patients who are pregnant, breastfeeding, and hypersensitive or allergic to filler materials
or lidocaine, or those with glabellar skin necrosis, a history of hypertrophic scarring, or
keloid formation [78,80].

Several types of dermal fillers are commercially available, including hyaluronic acid
(HA), autologous fat, polynucleotides (PNs), poly-L lactic acid (PLLA), calcium hydroxyap-
atite (CaHA), and polymethyl methacrylate (PMMA) [77,81]. Among these, HA is the most
commonly used and studied, followed by calcium hydroxyapatite [81]. Numerous studies
report both objective and subjective esthetic improvements with HA filler injections [82–84].
Generally, there are high levels of short- and long-term patient satisfaction following filler
injection [77]. Specifically, periocular HA filler has been associated with patient satisfaction
rates of 83.6% in the short term and 76.7% in the long term. One study evaluating CaHA
fillers in 301 patients found significant improvements in appearance, while another study
found that 93.5% of patients were satisfied with receiving CaHA fillers [85,86].

To maintain results, repeat filler injections may be necessary depending on patient
factors and filler type. As temporary fillers, HA, CaHA, and PLLA last approximately
6–18 months, 12 months, and up to 2 years, respectively, though effects gradually diminish
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over time [81]. PMMA, a semi-permanent filler, may last up to 5 years, while autologous
fat injections generally require fewer repeat injections [87].

Adverse events from filler are summarized in Table 2, and may range from mild and
requiring minimal intervention to untreatable vision loss [77,88]. Adverse effects of dermal
fillers include malar edema, granulomas, filler migration, xanthelasma, skin necrosis, vi-
sion loss (occasionally, at least 158 cases reported to date), anterior segment ischemia, and
ophthalmoplegia, as shown in Table 1 [77,88]. Complications affecting vision can signifi-
cantly impact overall quality of life [79]. Filler-induced vision loss may involve retrograde
intravascular injection, followed by the anterograde blockage of an ocular perfusing artery,
such as the central retinal artery [89]. Alternatively, severe ocular pain may occur several
seconds after injection if the filler occludes the ophthalmic artery [89]. Most complications
associated with HA not related to blindness or stroke can be effectively managed using the
reversal agent hyaluronidase. There is no uniformly successful treatment for filler-induced
vision loss but possible interventions include ocular massage, hyaluronidase, intravenous
steroids, lowering the intraocular pressure, and hyperbaric oxygen therapy [90].

Table 2. Notable adverse events of dermal fillers.

Adverse
Effect Incidence Rate Associated Dermal

Filler Management

Malar Edema 11% (periocular HA) Hyaluronic acid (HA) Hyaluronidase, multiple
treatments may be needed

Granuloma 0.02–1% (facial
injections) HA, PMMA, PLLA

Intralesional steroids,
hyaluronidase (for HA), filler

removal, surgical excision
(for PMMA, PLLA)

Migration 0.02–1% HA Hyaluronidase

Xanthelasma Not specified Various dermal fillers No successful treatment
identified

Skin Necrosis 0.00001% HA Antibiotics, oral steroids,
hyaluronidase, debridgement

Vision Loss At least 158 reported
cases in 2024 HA, AF, CaHA, PLLA Hyaluronidase (for HA),

varied delivery methods
Abbreviations: polymethyl methacrylate (PMMA); poly-L lactic acid (PLLA), autologous fat (AF); calcium
hydroxyapatite (CaHa).

Glabellar injections should be performed with care to minimize the risk of skin necrosis
and vision loss [91]. Hyaluronic acid injections are preferred. Carruthers et al. suggested
that the needle should be placed superficially, parallel to the glabella, and injections should
be performed in a retrograde fashion after aspiration to ensure no blood vessel entry [91].
There is some controversy on whether blunt cannula or sharp needles are preferred for the
injection. Finally, ultrasonography can potentially aid in vascular mapping, the identifi-
cation of previous filler, and to guide hyaluronidase injections for filler dissolution [92].
Given this, ultrasound can play a role in the prevention and assessment of procedural
complications [92]. For instance, the technology can facilitate precise needle placement,
permit real-time visualization of the injected area, and potentially detect early-onset of
vascular complications [92]. For cases of vascular compromise, ultrasound may facilitate
the safe dissolution of injected filler [92].

4.3. Energy-Based Treatments

Energy-based techniques, such as lasers (ablative and non-ablative) and intense pulsed
light (IPL) therapies, can mitigate signs of periocular aging in a minimally invasive manner.
Ablative laser therapies, including superpulsed or ultrapulsed carbon dioxide (CO2) and
erbium: yttrium–aluminum–garnet (Er:YAG) lasers, are more commonly used than non-
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ablative lasers for periocular rejuvenation [93,94]. Non-ablative laser therapy is associated
with reduced thermal damage and fewer side effects but has limitations in addressing
deep oculofacial rhytids [95]. Ablative laser therapy involves removing the epidermis
to eliminate aged skin and penetrating the dermis to stimulate collagen remodeling and
heat-induced collagen contraction, promoting skin tightening [96]. Collectively, this leads
to improved skin texture, tone, and a reduction in periocular rhytids [96]. Results can
appear as early as four weeks post treatment and may last beyond one year [97].

Esthetic indications for oculofacial ablative laser therapy include periorbital wrinkles,
facial resurfacing, dyschromia, and acne scars [98]. Laser skin resurfacing is a helpful com-
plement to lower blepharoplasty and rhytidectomy. However, laser therapy is contraindi-
cated in patients with continuous ultraviolet exposure, recent (<6 months) isotretinoin
use, dermabrasion, collagen vascular disease, chemical peel procedures, and a history of
hypertrophic scars, keloid formation, active or latent herpetic infections (latent being a
relative contraindication and may warrant antiviral prophylaxis), or radiation therapy to
the treatment site [98].

Laser therapy is generally associated with high patient satisfaction and quality of
life improvements [99,100]. One study reported that 85.6% of patients receiving lower
eyelid laser therapy were very satisfied with their esthetic outcomes [99]. Potential adverse
events associated with ablative laser therapy include herpes simplex infection, thermal
necrosis, ectropion and lagophthalmos, scarring, dyschromia, irritant dermatitis, and
erythema [95,101]. These side effects can be mitigated using fractionated lasers that re-
move less than 60% of the epidermis via microablated columns with juxtaposed areas of
untouched epithelium that facilitates faster recovery and re-epithelialization [94].

IPL therapy may also be used in the periocular region to address dyspigmentation,
rhytids, skin laxity [102], blepharitis, and meibomian gland dysfunction. Unlike laser
therapies, IPL uses pulses of light to downregulate inflammatory cytokines, reducing
blood vessel inflammation in the periocular region [94]. Similarly to laser therapy, IPL
induces collagen contraction, causing periocular skin to tighten [94]. IPL can improve es-
thetics, specifically in wrinkle appearance and hyperpigmentation [94]. A study evaluating
IPL for periocular rejuvenation found that 51.5% of patients were moderately to consid-
erably satisfied with facial rejuvenation outcomes [103]. Microneedling is a minimally
invasive cosmetic procedure that involves the use of fine needles to create tiny, controlled
punctures (micro-injuries) in the skin’s surface. This process is designed to stimulate the
production of collagen and elastin and thereby improve the appearance of wrinkles, acne
scars, and hyperpigmentation. Table 3 depicts a summary of energy-based treatments and
microneedling techniques.

Table 3. Summary of energy-based treatments and microneedling techniques.

Technique Indications Advantages Limitations Complications

Ablative Lasers

Periorbital wrinkles, facial
resurfacing, dyschromia,

acne scars, adjunct to
blepharoplasty

Results often persist over
one year, improved skin

texture and tone, and
effective for deep rhytids

Contraindications include
ultraviolet exposure, recent

isotretinoin use, dermabrasion,
collagen vascular disease,

chemical peel, keloid scars,
herpetic infections, and

radiation therapy

Herpes simplex reactivation,
thermal necrosis, ectropion,

lagophthalmos, scarring,
dyschromia, irritant dermatitis,

and erythema. Fractional
lasers reduce these risks.

Non-ablative
Lasers Periorbital rejuvenation

Reduced the risk
complications (e.g.,
thermal damage)

compared to ablative
lasers

Limited in treatment of deep
oculofacial rhytids

Complications are generally
milder compared to ablative
lasers, and may include mild

redness or irritation.
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Table 3. Cont.

Technique Indications Advantages Limitations Complications

Intense Pulsed
Light (IPL)

Dyspigmentation, rhytids,
skin laxity, blepharitis,

meibomian gland
dysfunction

Non-invasive and effective
for improving wrinkles,
hyperpigmentation, and

skin texture

Patient satisfaction rates may
be lower than with laser

therapy, and it is less effective
for deep wrinkles or extensive

skin laxity

Side effects are generally
minimal, including mild

irritation or discomfort during
treatment.

Microneedling Wrinkles, acne scar,
hyperpigmentation

Minimally invasive
procedure with the ability
to improve skin tone and

texture over multiple
sessions

May not be suitable for
individuals with active

infections, inflammatory skin
conditions, or poor wound

healing capacity

Common complications
include minor erythema and
irritation at the treatment site

4.4. Emerging Techniques

Recently, new modalities for periocular aging have emerged, including micro-focused
ultrasound (MFU) and platelet-rich plasma (PlatRP) therapies [104]. MFU enables skin
tightening without damaging superficial skin by inducing small areas of thermal injury in
targeted regions of the superficial dermis and subdermal connective tissue, which stimu-
lates neocollagenesis and skin lifting [104–106]. MFU is indicated in patients with periocular
rhytids, brow ptosis, mild to moderate skin laxity, and infraorbital hollowing [107,108].
Patients with moderate to severe skin laxity, however, may benefit more from surgical
intervention [108]. MFU is contraindicated in patients with cystic acne, active infections,
open wounds in the treatment area, and in pregnant patients [108]. A recent case series
showed MFU to be relatively safe and well tolerated as a non-invasive approach, with
no adverse effects reported among the patients [107]. However, other reports indicate
that MFU therapy could result in pain, ecchymosis, transient paralysis, edema, striations,
erythema, bruising, numbness, and dyspigmentation [108]. Some studies have found MFU
to be effective within three to six months, though annual repeat sessions may be required
to maintain optimal results [109–111]. Although MFU has demonstrated reasonable short-
term safety and efficacy for rejuvenating periocular aging, further research is needed to
assess its long-term efficacy and safety through high-quality studies that follow patients
beyond one year [112]. Additionally, there is uncertainty regarding the optimization of
treatment regimens. Specifically, high-quality research comparing MFU to other periocular
esthetic treatments, or investigating its use in combination with them, remains limited [113].

PlatRP injections are another esthetic treatment that may help mitigate signs of perioc-
ular aging. PlatRP injections involve extracting plasma with a higher platelet concentration
than that of normal circulating blood from whole blood [114]. PlatRP stimulates fibroblast
proliferation in the dermis, matrix metalloproteinase expression, and collagen synthe-
sis [105]. Moreover, the high concentration of platelets contains several growth factors
involved in tissue repair, collectively enhancing skin quality and reducing signs of periocu-
lar aging [114]. PlatRP therapy may be used for mild to moderate periocular skin laxity,
periocular hyperpigmentation, rhytids, and photoaging [115], and in our experience, it
can be used as an adjunct to botulinum toxin, filler, or blepharoplasty. PlatRP therapy is
absolutely contraindicated in patients with septicemia, critical thrombocytopenia, platelet
dysfunction syndrome, and hemodynamic instability [116]. Side effects associated with Pla-
tRP injections include edema, pain, erythema, bruising, and, rarely, blindness [116]. Before
ultimately deciding on PlatRP therapy, the surgeon should gauge patients’ expectations
and consider whether the postoperative result is likely to meet their satisfaction.

Studies evaluating PlatRP injections found that they (i) significantly improved perioc-
ular dark circles within 3 months of treatment, with effects lasting up to 6 months [117];
(ii) reduced infraorbital and lateral canthal rhytids without obvious side effects [118,119];
and (iii) enhanced skin barrier function, texture, elasticity, and smoothness [120,121]. Pla-
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tRP has also been shown to improve healing and has significant potential as an adjunctive
therapy when used with other therapeutic modalities, such as fractional lasers [122,123].
While these studies demonstrate PLATRP’s effectiveness in periocular skin rejuvenation,
further high-quality trials with longer follow-up periods are needed to optimize therapeutic
regimens and evaluate the duration of esthetic improvements [124].

5. Challenges and Ethical Considerations
The minimally invasive esthetic interventions for periocular aging discussed above

have shown significant potential; however, they present unique challenges and ethical
considerations for both physicians and patients.

Firstly, assessing patient satisfaction in a standardized way is challenging in the
field of esthetics due to the subjective nature of esthetic ideals and societal beauty stan-
dards. While validated patient-reported outcome measures, such as FACE-Q, FLO-11,
and FLSQ, exist, they are often lengthy, potentially leading to patient fatigue and inaccu-
rate self-reporting [125]. Furthermore, these assessments do not consistently capture the
personalized needs of patients across diverse age ranges, races, ethnicities, and gender
identities [126]. Individual variations in expectations, body image, and self-esteem can com-
plicate objective assessment of patient satisfaction with esthetic procedures [127,128]. The
periocular area is particularly sensitive, making it more susceptible to minor imperfections
or complications like scarring, bruising, or swelling, which may occur during the recovery
period [129]. As this area is a focal point in social interactions, patients may experience
heightened levels of self-consciousness in response to these temporary issues [125,130].
This complicates the evaluation of long-term patient satisfaction, as satisfaction levels
during recovery may differ from those post recovery [128]. Physicians may also struggle
to assess overall patient satisfaction when patients focus on minor details rather than the
broader effectiveness of esthetic intervention [128].

Managing patient expectations can be challenging, as esthetic outcomes are often
subtle, whereas patients may expect substantial improvements [128]. Some patients may
seek several treatments within a short timeframe to achieve their desired outcome; however,
excessive treatment can result in unnatural appearances or irreversible structural issues,
such as eyelid drooping, scarring, and erythema [94,131]. Therefore, it is essential for
physicians to communicate realistic expectations, emphasizing that achieving complete
symmetry or eliminating all signs of periocular aging may not be feasible [125]. Screening
questionnaires to help identify patients with possible body dysmorphic disorder may be
helpful. In such patients, prompt recognition and referral to a psychiatrist for counseling
are crucial [132]. Educating patients about the potential risks and limitations of perioc-
ular esthetic procedure helps them set realistic expectations, helps them make informed
decisions, and ultimately enhances satisfaction [125].

Social media can further exacerbate challenges related to periocular esthetic inter-
vention. Social media often perpetuates body image concerns and unrealistic esthetic
expectations due to images that may be filtered, digitally enhanced, or idealized [133].
Moreover, physicians who use social media to showcase successful cases may also raise eth-
ical concerns. While promoting successful cases can benefit the practice, these images may
not represent typical outcomes, potentially leading patients to pursue esthetic interventions
based on unrealistic expectations [134]. To mitigate this effect, practitioners should limit
the use of highly edited or unrepresentative images on social media [134].

6. Conclusions
Oculofacial aging, characterized by descent of the soft tissues and volume alterations,

is a multifactorial process influenced by genetic, environmental, and lifestyle factors, and
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is characterized by the gradual onset of features such as rhytid formation, periorbital
hollowing, and eyelid ptosis. This process progresses in distinct patterns across sex-
and race-based patient subgroups. For instance, compared to Black patients, Caucasians
tend to exhibit earlier signs of periocular aging due to thinner dermal layers and lower
melanin content. Despite these insights, there remains a paucity of representative research
among underrepresented populations, including Hispanic, Native American, and Pacific
Islander groups.

Currently available, minimally invasive esthetic interventions for periocular aging
include botulinum injections, dermal fillers, and energy-based therapies, which have
demonstrated considerable safety and efficacy for oculofacial rejuvenation in both the short
and long term. More recently, MFU and PlatRP therapies have also shown promise for
short-term safety and efficacy; however, high-quality research on their long-term effects
and optimal administration regimens is limited. Patient selection is paramount when
considering facial rejuvenation procedures, whether incisional or non-incisional. Further
high-quality randomized controlled trials are needed to clarify the benefits, risks, and
limitations of these novel therapies in comparison to conventional treatments, ultimately
optimizing esthetic outcomes for patients.
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44. Windhager, S.; Mitteroecker, P.; Rupić, I.; Lauc, T.; Polašek, O.; Schaefer, K. Facial aging trajectories: A common shape pattern in

male and female faces is disrupted after menopause. Am. J. Phys. Anthropol. 2019, 169, 678–688. [CrossRef] [PubMed]
45. Keaney, T. “Man-some”: A Review of Male Facial Aging and Beauty. J. Drugs Dermatol. 2017, 16, 91–93.
46. Vashi, N.; Maymone, M.; Kundu, R. Aging Differences in Ethnic Skin. J. Clin. Aesthetic Dermatol. 2016, 9, 31–38.
47. Tang, X.; Yang, T.; Yu, D.; Xiong, H.; Zhang, S. Current insights and future perspectives of ultraviolet radiation (UV) exposure:

Friends and foes to the skin and beyond the skin. Environ. Int. 2024, 185, 108535. [CrossRef]
48. Liew, S.; Wu, W.T.L.; Chan, H.H.; Ho, W.W.S.; Kim, H.-J.; Goodman, G.J.; Peng, P.H.L.; Rogers, J.D. Consensus on Changing

Trends, Attitudes, and Concepts of Asian Beauty. Aesthetic Plast. Surg. 2016, 40, 193–201. [CrossRef]
49. Alexis, A.F.; Alam, M. Racial and ethnic differences in skin aging: Implications for treatment with soft tissue fillers. J. Drugs

Dermatol. 2012, 11, s30–s32.
50. Galzote, C.; Estanislao, R.; Suero, M.O.; Khaiat, A.; Mangubat, M.I.; Moideen, R.; Tagami, H.; Wang, X. Characterization of facial

skin of various Asian populations through visual and non-invasive instrumental evaluations: Influence of age and skincare
habits. Ski. Res. Technol. 2013, 19, 454–465. [CrossRef]

51. Brisset, A.; Naylor, M. The Aging African-American Face. Facial Plast. Surg. 2010, 26, 154–163. [CrossRef]
52. Buziashvili, D.; Tower, J.I.; Sangal, N.R.; Shah, A.M.; Paskhover, B. Long-term Patterns of Age-Related Facial Bone Loss in Black

Individuals. JAMA Facial Plast. Surg. 2019, 21, 292–297. [CrossRef] [PubMed]
53. Alexis, A.F.; Obioha, J.O. Ethnicity and Aging Skin. J. Drugs Dermatol. 2017, 16, 77–80.
54. Menkin, J.A.; Guan, S.-S.A.; Araiza, D.; Reyes, C.E.; Trejo, L.; Choi, S.E.; Willis, P.; Kotick, J.; Jimenez, E.; Ma, S.; et al. Racial/Ethnic

Differences in Expectations Regarding Aging Among Older Adults. J. Am. Geriatr. Soc. 2017, 57, S138–S148. [CrossRef]
55. Velaithan, V.; Tan, M.-M.; Yu, T.-F.; Liem, A.; Teh, P.-L.; Su, T.T. The Association of Self-Perception of Aging and Quality of Life in

Older Adults: A Systematic Review. Gerontologist 2024, 64, gnad041. [CrossRef]
56. American Society of Plastic Surgeons. 2022 ASPS Procedural Statistics Release; American Society of Plastic Surgeons: Arlington

Heights, IL, USA, 2022.
57. Pearlman, R.; Wilkerson, A.; Cobb, E.; Morrissette, S.; Lawson, F.; Mockbee, C.; Humphries, L.; Ward, K.; Nahar, V. Factors

Associated with Likelihood to Undergo Cosmetic Surgical Procedures Among Young Adults in the United States: A Narrative
Review. Clin. Cosmet. Investig. Dermatol. 2022, 15, 859–877. [CrossRef]

58. Arab, K.; Barasain, O.; Altaweel, A.; Alkhayyal, J.; Alshiha, L.; Barasain, R.; Alessa, R.; Alshaalan, H. Influence of Social Media on
the Decision to Undergo a Cosmetic Procedure. Plast. Reconstr. Surg. Glob. Open 2019, 7, e2333. [CrossRef]

59. Stevens, S.M.; Markatia, Z.A.; Ameli, K.; Bayaraa, E.; Lee, W.W. Prevalence of Body Dysmorphic Disorder in Orbital Plastic
Surgery and Its Relationship with the Use of Social Media. Aesthetic Plast. Surg. 2023, 47, 2447–2452. [CrossRef]

60. Higgins, S.; Wysong, A. Cosmetic Surgery and Body Dysmorphic Disorder—An Update. Int. J. Women’s Dermatol. 2018, 4, 43–48.
[CrossRef]

61. Veale, D.; Boocock, A.; Gournay, K.; Dryden, W.; Shah, F.; Willson, R.; Walburn, J. Body Dysmorphic Disorder: A Survey of Fifty
Cases. Br. J. Psychiatry 1996, 169, 196–201. [CrossRef]

62. Voges, M.M.; Giabbiconi, C.-M.; Schöne, B.; Waldorf, M.; Hartmann, A.S.; Vocks, S. Gender Differences in Body Evaluation: Do
Men Show More Self-Serving Double Standards Than Women? Front. Psychol. 2019, 10, 544. [CrossRef]

63. Winter, V.R.; Danforth, L.K.; Landor, A.; Pevehouse-Pfeiffer, D. Toward an Understanding of Racial and Ethnic Diversity in Body
Image among Women. Soc. Work Res. 2019, 43, 69–80. [CrossRef]

64. Porcheron, A.; Latreille, J.; Jdid, R.; Tschachler, E.; Morizot, F. Influence of skin ageing features on Chinese women’s perception of
facial age and attractiveness. Int. J. Cosmet. Sci. 2014, 36, 312–320. [CrossRef] [PubMed]

65. Scott, A.B.; Honeychurch, D.; Brin, M.F. Early development history of Botox (onabotulinumtoxinA). Medicine 2023, 102, e32371.
[CrossRef]

https://doi.org/10.1016/j.asj.2005.09.012
https://doi.org/10.1016/j.bjoms.2013.11.013
https://doi.org/10.1001/jamadermatol.2014.27
https://doi.org/10.1097/00002341-200207000-00013
https://doi.org/10.1097/01.PRS.0000082192.45787.B6
https://www.ncbi.nlm.nih.gov/pubmed/14504483
https://doi.org/10.1038/s41598-022-26376-8
https://www.ncbi.nlm.nih.gov/pubmed/36528705
https://doi.org/10.1002/ajpa.23878
https://www.ncbi.nlm.nih.gov/pubmed/31189026
https://doi.org/10.1016/j.envint.2024.108535
https://doi.org/10.1007/s00266-015-0562-0
https://doi.org/10.1111/srt.12069
https://doi.org/10.1055/s-0030-1253501
https://doi.org/10.1001/jamafacial.2019.0028
https://www.ncbi.nlm.nih.gov/pubmed/30946440
https://doi.org/10.1093/geront/gnx078
https://doi.org/10.1093/geront/gnad041
https://doi.org/10.2147/CCID.S358573
https://doi.org/10.1097/GOX.0000000000002333
https://doi.org/10.1007/s00266-023-03483-z
https://doi.org/10.1016/j.ijwd.2017.09.007
https://doi.org/10.1192/bjp.169.2.196
https://doi.org/10.3389/fpsyg.2019.00544
https://doi.org/10.1093/swr/svy033
https://doi.org/10.1111/ics.12128
https://www.ncbi.nlm.nih.gov/pubmed/24712710
https://doi.org/10.1097/MD.0000000000032371


J. Clin. Med. 2025, 14, 535 17 of 19

66. Kaltreider, S.A.; Kennedy, R.H.; Woog, J.J.; Bradley, E.A.; Custer, P.L.; Meyer, D.R. Cosmetic Oculofacial Applications of Botulinum
Toxin: A Report by the American Academy of Ophthalmology. Ophthalmology 2005, 112, 1159–1167. [CrossRef]

67. Biello, A.; Oney, R.; Zhu, B. Botulinum Toxin Treatment of the Upper Face. In StatPearls; StatPearls Publishing: Treasure Island,
FL, USA, 2023.

68. Satriyasa, B. Botulinum toxin (Botox) A for reducing the appearance of facial wrinkles: A literature review of clinical use and
pharmacological aspect. Clin. Cosmet. Investig. Dermatol. 2019, 12, 223–228. [CrossRef]

69. DeBoulle, K.; Fagien, S.; Sommer, B.; Glogau, R. Treating glabellar lines with botulinum toxin type A-hemagglutinin complex: A
review of the science, the clinical data, and patient satisfaction. Clin. Interv. Aging 2010, 5, 101–118. [CrossRef]

70. Jandhyala, R. Impact of Botulinum Toxin A on the Quality of Life of Subjects Following Treatment of Facial Lines. J. Clin. Aesthetic
Dermatol. 2012, 6, 41–45.

71. Jankovic, J.; Esquenazi, A.; Fehlings, D.; Freitag, F.; Lang, A.M.; Naumann, M. Evidence-Based Review of Patient-Reported
Outcomes with Botulinum Toxin Type A. Clin. Neuropharmacol. 2004, 27, 234–244. [CrossRef]

72. Nigam, P.K.; Nigam, A. Botulinum Toxin. Indian J. Dermatol. 2010, 55, 8–14. [CrossRef]
73. Klein, A. Complications and adverse reactions with the use of botulinum toxin. Semin. Cutan. Med. Surg. 2001, 20, 109–120.

[CrossRef]
74. Ahsanuddin, S.; Roy, S.; Nasser, W.; Povolotskiy, R.; Paskhover, B. Adverse Events Associated With Botox as Reported in a Food

and Drug Administration Database. Aesthetic Plast. Surg. 2021, 45, 1201–1209. [CrossRef] [PubMed]
75. Witmanowski, H.; Błochowiak, K. The whole truth about botulinum toxin—A review. Adv. Dermatol. Allergol. 2020, 37, 853–861.

[CrossRef] [PubMed]
76. Bakheit, A.M.O. The Possible Adverse Effects of Intramuscular Botulinum Toxin Injections and their Management. Curr. Drug Saf.

2006, 1, 271–279. [CrossRef] [PubMed]
77. Mandal, P.; Gama, F. The use of periocular fillers in aesthetic medicine. J. Plast. Reconstr. Aesthetic Surg. 2021, 74, 1602–1609.

[CrossRef]
78. Sánchez-Carpintero, I.; Candelas, D.; Ruiz-Rodríguez, R. Dermal Fillers: Types, Indications, and Complications. Actas Dermo-

Sifiliográficas 2010, 101, 381–393. [CrossRef]
79. Zein, M.; Tie-Shue, R.; Pirakitikulr, N.; Lee, W.W. Complications after cosmetic periocular filler: Prevention and management.

Plast. Aesthetic Res. 2020, 7, 44. [CrossRef]
80. Lafaille, P.; Benedetto, A. Fillers: Contraindications, Side Effects and Precautions. J. Cutan. Aesthetic Surg. 2010, 3, 16–19.

[CrossRef]
81. Lee, W.W.; Levitt, A.E. Periocular rejuvenation with neurotoxin and dermal filler. Plast. Aesthetic Res. 2018, 5, 43. [CrossRef]
82. Berguiga, M.; Galatoire, O. Tear trough rejuvenation: A safety evaluation of the treatment by a semi-cross-linked hyaluronic acid

filler. Orbit 2017, 36, 22–26. [CrossRef]
83. Hussain, S.N.; Mangal, S.; Goodman, G.J. The Tick technique: A method to simplify and quantify treatment of the tear trough

region. J. Cosmet. Dermatol. 2019, 18, 1642–1647. [CrossRef]
84. Niforos, F.; Acquilla, R.; Ogilvie, P.; Safa, M.; Signorini, M.; Creutz, L.; Kerson, G.; Silberberg, M. A Prospective, Open-Label

Study of Hyaluronic Acid-Based Filler with Lidocaine (VYC-15L) Treatment for the Correction of Infraorbital Skin Depressions.
Dermatol. Surg. 2017, 43, 1271–1280. [CrossRef] [PubMed]

85. Gorbea, E.; Kidwai, S.; Rosenberg, J. Nonsurgical Tear Trough Volumization: A Systematic Review of Patient Satisfaction. Aesthetic
Surg. J. 2021, 41, NP1053–NP1060. [CrossRef] [PubMed]

86. Hevia, O. A Retrospective Review of Calcium Hydroxylapatite for Correction of Volume Loss in the Infraorbital Region. Dermatol.
Surg. 2009, 35, 1487–1494. [CrossRef] [PubMed]

87. Injectable Polymethylmethacrylate + Bovine Collagen Filler. Available online: https://www.asds.net/skin-experts/skin-
treatments/injectables/injectable-polymethylmethacrylate-bovine-collagen-filler#:~:text=One%20or%20two%20treatment%20
sessions,last%20up%20to%205%20years (accessed on 29 October 2024).

88. Beleznay, K.; Carruthers, J.D.A.; Humphrey, S.; Carruthers, A.; Jones, D. Update on Avoiding and Treating Blindness From Fillers:
A Recent Review of the World Literature. Aesthetic Surg. J. 2019, 39, 662–674. [CrossRef]

89. Loh, K.; Chua, J.; Lee, H.; Lim, J.; Chuah, G.; Yim, B.; Puah, B. Prevention and management of vision loss relating to facial filler
injections. Singap. Med. J. 2016, 57, 438–443. [CrossRef]

90. Friedman, R.; Coombs, A.V.; Stevens, S.; Lisman, R.D.; Chiu, E.S. Complete Vision Recovery After Filler-Induced Blindness Using
Hyperbaric Oxygen Therapy: Case Report and Literature Review. Aesthetic Surg. J. Open Forum 2024, 6, ojae036. [CrossRef]

91. Carruthers, J.; Carruthers, A. Volumizing the Glabella and Forehead. Dermatol. Surg. 2010, 36, 1905–1909. [CrossRef]
92. Beiu, C.; Popa, L.G.; Bălăceanu-Gurău, B.; Iliescu, C.A.; Racovit,ă, A.; Popescu, M.N.; Mihai, M.M. Personalization of Minimally-

Invasive Aesthetic Procedures with the Use of Ultrasound Compared to Alternative Imaging Modalities. Diagnostics 2023, 13,
3512. [CrossRef]

https://doi.org/10.1016/j.ophtha.2005.03.021
https://doi.org/10.2147/CCID.S202919
https://doi.org/10.2147/CIA.S9338
https://doi.org/10.1097/01.wnf.0000145508.84389.87
https://doi.org/10.4103/0019-5154.60343
https://doi.org/10.1053/sder.2001.25964
https://doi.org/10.1007/s00266-020-02027-z
https://www.ncbi.nlm.nih.gov/pubmed/33128076
https://doi.org/10.5114/ada.2019.82795
https://www.ncbi.nlm.nih.gov/pubmed/33603602
https://doi.org/10.2174/157488606777934431
https://www.ncbi.nlm.nih.gov/pubmed/18690938
https://doi.org/10.1016/j.bjps.2020.12.079
https://doi.org/10.1016/j.ad.2010.01.004
https://doi.org/10.20517/2347-9264.2020.133
https://doi.org/10.4103/0974-2077.63222
https://doi.org/10.20517/2347-9264.2018.39
https://doi.org/10.1080/01676830.2017.1279641
https://doi.org/10.1111/jocd.13169
https://doi.org/10.1097/DSS.0000000000001127
https://www.ncbi.nlm.nih.gov/pubmed/28858926
https://doi.org/10.1093/asj/sjab116
https://www.ncbi.nlm.nih.gov/pubmed/33693530
https://doi.org/10.1111/j.1524-4725.2009.01262.x
https://www.ncbi.nlm.nih.gov/pubmed/19614938
https://www.asds.net/skin-experts/skin-treatments/injectables/injectable-polymethylmethacrylate-bovine-collagen-filler#:~:text=One%20or%20two%20treatment%20sessions,last%20up%20to%205%20years
https://www.asds.net/skin-experts/skin-treatments/injectables/injectable-polymethylmethacrylate-bovine-collagen-filler#:~:text=One%20or%20two%20treatment%20sessions,last%20up%20to%205%20years
https://www.asds.net/skin-experts/skin-treatments/injectables/injectable-polymethylmethacrylate-bovine-collagen-filler#:~:text=One%20or%20two%20treatment%20sessions,last%20up%20to%205%20years
https://doi.org/10.1093/asj/sjz053
https://doi.org/10.11622/smedj.2016134
https://doi.org/10.1093/asjof/ojae036
https://doi.org/10.1111/j.1524-4725.2010.01738.x
https://doi.org/10.3390/diagnostics13233512


J. Clin. Med. 2025, 14, 535 18 of 19

93. Brauer, J.A.; Patel, U.; Hale, E.K. Laser Skin Resurfacing, Chemical Peels, and Other Cutaneous Treatments of the Brow and
Upper Lid. Clin. Plast. Surg. 2013, 40, 91–99. [CrossRef]

94. Russel, S.M.; Clark, J.M. Periorbital rejuvenation in the clinic: A state-of-the-art review. World J. Otorhinolaryngol. Head Neck Surg.
2023, 9, 242–248. [CrossRef]

95. Glaser, D.A.; Kurta, A. Periorbital Rejuvenation: Overview of Nonsurgical Treatment Options. Facial Plast. Surg. Clin. N. Am.
2016, 24, 145–152. [CrossRef] [PubMed]

96. Wu, H.-H.; Chen, M.-Q.; Liu, J.-H.; Song, L.-L.; Luo, D.-Q.; Lu, J.-F.; Zhao, Y.-K. Combination of fractional carbon dioxide laser
with recombinant human collagen in periocular skin rejuvenation. J. Cosmet. Dermatol. 2024, 23, 124–133. [CrossRef] [PubMed]

97. Badawi, A.; Sobeih, T.; Jasmina, V. Periocular rejuvenation using a unique non-ablative long-pulse 2940 nm Er:YAG laser. Lasers
Med. Sci. 2022, 37, 1111–1118. [CrossRef] [PubMed]

98. Shankar, K.; Chakravarthi, M.; Shilpakar, R. Carbon Dioxide Laser Guidelines. J. Cutan. Aesthetic Surg. 2009, 2, 72–80.
99. Kim, J.S.; Ginter, A.; Ranjit-Reeves, R.; Woodward, J.A. Patient Satisfaction and Management of Postoperative Complications

Following Ablative Carbon Dioxide Laser Resurfacing of the Lower Eyelids. Ophthalmic Plast. Reconstr. Surg. 2021, 37, 450–456.
[CrossRef]

100. Mota, L.R.; Duarte, I.d.S.; Galache, T.R.; Pretti, K.M.d.S.; Neto, O.C.; Motta, L.J.; Horliana, A.C.R.T.; Silva, D.d.F.T.d.; Pavani, C.
Photobiomodulation Reduces Periocular Wrinkle Volume by 30%: A Randomized Controlled Trial. Photobiomodulation Photomed.
Laser Surg. 2023, 41, 48–56. [CrossRef]

101. Bisson, M.; Grover, R.; Grobbelaar, A. Long-term results of facial rejuvenation by carbon dioxide laser resurfacing using a
quantitative method of assessment. Br. J. Plast. Surg. 2002, 55, 652–656. [CrossRef]

102. Bitter, P.H., Jr. Noninvasive Rejuvenation of Photodamaged Skin Using Serial, Full-Face Intense Pulsed Light Treatments. Dermatol.
Surg. 2000, 26, 835–843. [CrossRef]

103. Barikbin, B.; Akbari, Z.; Vafee, R.; Razzaghi, Z. The Efficacy of IPL in Periorbital Skin Rejuvenation: An Open-Label Study. J.
Lasers Med. Sci. 2019, 10, S64–S67. [CrossRef]

104. Kim, D.H.; Won, C.H.; Jung, J.M.; Choi, M.E. Glabellar wrinkle improvement after forehead and periorbital micro-focused
ultrasound treatment in Republic of Korea: A case report. Med. Lasers 2023, 12, 122–125. [CrossRef]

105. Kassir, M.; Kroumpouzos, G.; Puja, P.; Katsambas, A.; Galadari, H.; Lotti, T.; Abdelmaksoud, A.; Grabbe, S.; Juchems, E.; Goldust,
M. Update in minimally invasive periorbital rejuvenation with a focus on platelet-rich plasma: A narrative review. J. Cosmet.
Dermatol. 2020, 19, 1057–1062. [CrossRef] [PubMed]

106. Khan, U.; Khalid, N. A Systematic Review of the Clinical Efficacy of Micro-Focused Ultrasound Treatment for Skin Rejuvenation
and Tightening. Cureus 2021, 13, e20163. [CrossRef] [PubMed]

107. Heitzmann, W.; Schiefer, J.; Visnovska, D.; Schulz, A. Micro focused Ultrasound with Visualization: A Novel Approach for
Periorbital Rejuvenation. JOJ Dermatol. Cosmet. 2024, 6, 555679.

108. Wulkan, A.; Fabi, S.; Green, J. Microfocused Ultrasound for Facial Photorejuvenation: A Review. Facial Plast. Surg. 2016, 32,
269–275.

109. Pak, C.S.; Lee, Y.K.; Jeong, J.H.; Kim, J.H.; Seo, J.D.; Heo, C.Y. Safety and Efficacy of Ulthera in the Rejuvenation of Aging Lower
Eyelids: A Pivotal Clinical Trial. Aesthetic Plast. Surg. 2014, 38, 861–868. [CrossRef]

110. Suh, D.-H.; Oh, Y.-J.; Lee, S.-J.; Rho, J.-H.; Song, K.-Y.; Kim, N.-I.; Shin, M.-K. A intense-focused ultrasound tightening for the
treatment of infraorbital laxity. J. Cosmet. Laser Ther. 2012, 14, 290–295. [CrossRef]

111. Werschler, W.; Werschler, P. Long-term Efficacy of Micro-focused Ultrasound with Visualization for Lifting and Tightening Lax
Facial and Neck Skin Using a Customized Vectoring Treatment Method. J. Clin. Aesthetic Dermatol. 2016, 9, 27–33.

112. Contini, M.; Hollander, M.H.J.; Vissink, A.; Schepers, R.H.; Jansma, J.; Schortinghuis, J. A Systematic Review of the Efficacy of
Microfocused Ultrasound for Facial Skin Tightening. Int. J. Environ. Res. Public Health 2023, 20, 1522. [CrossRef]

113. Park, J.Y.; Byun, E.J.; Kim, H.S. Rejuvenation of periocular region in Koreans: A multimodal approach combining botulinum
toxin, fillers, and micro-focused ultrasound with visualization for optimal results. Dermatol. Ther. 2020, 33, e13159. [CrossRef]

114. Al-Shami, S.H. Treatment of Periorbital Hyperpigmentation Using Platelet-Rich Plasma Injections. Am. J. Dermatol. Venereol. 2014,
3, 87–94.

115. Evans, A.G.; Ivanic, M.G.; Botros, M.A.; Pope, R.W.; Halle, B.R.; Glassman, G.E.; Genova, R.; Al Kassis, S. Rejuvenating the
periorbital area using platelet-rich plasma: A systematic review and meta-analysis. Arch. Dermatol. Res. 2021, 313, 711–727.
[CrossRef] [PubMed]

116. Nanda, S.; Chauhan, K.; Shetty, V.; Dashore, S.; Bhatia, S. Platelet-Rich Plasma in Aesthetics. Indian Dermatol. Online J. 2021, 12,
41–54. [CrossRef]

117. Banihashemi, M.; Zabolinejad, N.; Salehi, M.; Hamidi Alamdari, D.; Nakhaizadeh, S. Platelet-rich Plasma use for facial rejuvena-
tion: A clinical trial and review of current literature. Acta Biomed. Atenei Parm. 2021, 92, e2021187.

118. Elnehrawy, N.Y.; Ibrahim, Z.A.; Eltoukhy, A.M.; Nagy, H.M. Assessment of the efficacy and safety of single platelet-rich plasma
injection on different types and grades of facial wrinkles. J. Cosmet. Dermatol. 2017, 16, 103–111. [CrossRef] [PubMed]

https://doi.org/10.1016/j.cps.2012.08.006
https://doi.org/10.1002/wjo2.124
https://doi.org/10.1016/j.fsc.2016.01.003
https://www.ncbi.nlm.nih.gov/pubmed/27105800
https://doi.org/10.1111/jocd.15942
https://www.ncbi.nlm.nih.gov/pubmed/37526257
https://doi.org/10.1007/s10103-021-03362-6
https://www.ncbi.nlm.nih.gov/pubmed/34146192
https://doi.org/10.1097/IOP.0000000000001902
https://doi.org/10.1089/photob.2022.0114
https://doi.org/10.1054/bjps.2002.3960
https://doi.org/10.1046/j.1524-4725.2000.00085.x
https://doi.org/10.15171/jlms.2019.S12
https://doi.org/10.25289/ML.23.019
https://doi.org/10.1111/jocd.13376
https://www.ncbi.nlm.nih.gov/pubmed/32181588
https://doi.org/10.7759/cureus.20163
https://www.ncbi.nlm.nih.gov/pubmed/35003992
https://doi.org/10.1007/s00266-014-0383-6
https://doi.org/10.3109/14764172.2012.738912
https://doi.org/10.3390/ijerph20021522
https://doi.org/10.1111/dth.13159
https://doi.org/10.1007/s00403-020-02173-z
https://www.ncbi.nlm.nih.gov/pubmed/33433716
https://doi.org/10.4103/idoj.idoj_290_21
https://doi.org/10.1111/jocd.12258
https://www.ncbi.nlm.nih.gov/pubmed/27474688


J. Clin. Med. 2025, 14, 535 19 of 19

119. Kang, B.K.; Shin, M.K.; Lee, J.H.; Kim, N.I. Effects of platelet-rich plasma on wrinkles and skin tone in Asian lower eyelid skin:
Preliminary results from a prospective, randomised, split-face trial. Eur. J. Dermatol. 2014, 24, 100–101. [CrossRef]

120. Aust, M.; Pototschnig, H.; Jamchi, S.; Busch, K. Platelet-rich Plasma for Skin Rejuvenation and Treatment of Actinic Elastosis in
the Lower Eyelid Area. Cureus 2018, 10, e2999. [CrossRef]

121. Cameli, N.; Mariano, M.; Cordone, I.; Abril, E.; Masi, S.; Foddai, M.L. Autologous Pure Platelet-Rich Plasma Dermal Injections for
Facial Skin Rejuvenation: Clinical, Instrumental, and Flow Cytometry Assessment. Dermatol. Surg. 2017, 43, 826–835. [CrossRef]

122. Modarressi, A. Platlet Rich Plasma (PRP) Improves Fat Grafting Outcomes. World J. Plast. Surg. 2013, 2, 6–13.
123. Shin, M.-K.; Lee, J.-H.; Lee, S.-J.; Kim, N.-I. Platelet-Rich Plasma Combined with Fractional Laser Therapy for Skin Rejuvenation.

Dermatol. Surg. 2012, 38, 623–630. [CrossRef]
124. Maisel-Campbell, A.L.; Ismail, A.; Reynolds, K.A.; Poon, E.; Serrano, L.; Grushchak, S.; Farid, C.; West, D.P.; Alam, M. A

systematic review of the safety and effectiveness of platelet-rich plasma (PRP) for skin aging. Arch. Dermatol. Res. 2020, 312,
301–315. [CrossRef]

125. Philipp-Dormston, W.G.; De Boulle, K.; Gronovich, Y.; Lowe, N.; Sayed, K.; Sykianakis, D.; Tuncer, S. The Patient Journey in Facial
Aesthetics: Findings from a European Consensus Meeting on Improving the Quality of Life for Patients Receiving Botulinum
Toxin Injections. Clin. Cosmet. Investig. Dermatol. 2024, 17, 329–337. [CrossRef] [PubMed]

126. Wang, J.; Rieder, E.A. A Systematic Review of Patient-Reported Outcomes for Cosmetic Indications of Botulinum Toxin Treatment.
Dermatol. Surg. 2019, 45, 668–688. [CrossRef] [PubMed]

127. Asadi-Lari, M.; Tamburini, M.; Gray, D. Patients’ needs, satisfaction, and health related quality of life: Towards a comprehensive
model. Health Qual. Life Outcomes 2004, 2, 32. [CrossRef] [PubMed]

128. Smit, R.; Gubanova, E.; Kaufman, J.; Landau, M.; Molina, B.; Andriopoulos, B.; Maisonobe, P.; Prygova, I.; Redaelli, A. Patient
Satisfaction with AbobotulinumtoxinA for Aesthetic Use in the Upper Face: A Systematic Literature Review and Post-hoc
Analysis of the APPEAL Study. J. Clin. Aesthetic Dermatol. 2021, 14, E69–E88. [CrossRef]

129. Naik, M.N. Periocular Aesthetics: An Emerging Era. J. Cutan. Aesthetic Surg. 2016, 9, 59–60. [CrossRef]
130. Neimkin, M.G.; Holds, J.B. Evaluation of Eyelid Function and Aesthetics. Facial Plast. Surg. Clin. N. Am. 2016, 24, 97–106.

[CrossRef]
131. Hintschich, C. Periocular Plastic Surgery. Dtsch. Arztebl. Int. 2010, 107, 141–146. [CrossRef]
132. Shivakumar, S.; Jafferany, M.; Sood, S.; Sushruth, V. Cosmetic Presentations and Challenges of Body Dysmorphic Disorder and Its

Collaborative Management. J. Cutan. Aesthetic Surg. 2021, 14, 20–25. [CrossRef]
133. Jiotsa, B.; Naccache, B.; Duval, M.; Rocher, B.; Grall-Bronnec, M. Social Media Use and Body Image Disorders: Association

between Frequency of Comparing One’s Own Physical Appearance to That of People Being Followed on Social Media and Body
Dissatisfaction and Drive for Thinness. Int. J. Environ. Res. Public Health 2021, 18, 2880. [CrossRef]

134. Ramirez, S.; Cullen, C.; Ahdoot, R.; Scherz, G. The Primacy of Ethics in Aesthetic Medicine: A Review. Plast. Reconstr. Surg. Glob.
Open 2024, 12, e5935. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1684/ejd.2014.2267
https://doi.org/10.7759/cureus.2999
https://doi.org/10.1097/DSS.0000000000001083
https://doi.org/10.1111/j.1524-4725.2011.02280.x
https://doi.org/10.1007/s00403-019-01999-6
https://doi.org/10.2147/CCID.S446891
https://www.ncbi.nlm.nih.gov/pubmed/38327550
https://doi.org/10.1097/DSS.0000000000001878
https://www.ncbi.nlm.nih.gov/pubmed/30893170
https://doi.org/10.1186/1477-7525-2-32
https://www.ncbi.nlm.nih.gov/pubmed/15225377
https://doi.org/10.1016/j.toxicon.2020.11.489
https://doi.org/10.4103/0974-2077.184051
https://doi.org/10.1016/j.fsc.2015.12.002
https://doi.org/10.3238/arztebl.2010.0141
https://doi.org/10.4103/JCAS.JCAS_180_20
https://doi.org/10.3390/ijerph18062880
https://doi.org/10.1097/GOX.0000000000005935

	Terminology and Scope 
	Patterns of Oculofacial Aging 
	Pathophysiology 
	Periorbital Aging Patterns 
	Upper Face: Forehead, Brows, and Upper Eyelids 
	Midface: Lower Eyelids and Nose 
	Demographic Differences 


	Perception of Oculofacial Aging 
	Minimally Invasive Esthetic Interventions 
	Botulinum Toxin 
	Dermal Fillers 
	Energy-Based Treatments 
	Emerging Techniques 

	Challenges and Ethical Considerations 
	Conclusions 
	References

