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Abstract: Throughout history, people have struggled to find out the secret of youth. The aim of
the manuscript is to review the main achievements regarding the exploration of the aging face
phenomenon. It should be very important to know the evolution in this field due to the increase in life
expectancy among the population. Our purpose is for the current study to serve as a starting point
towards exploring novel research avenues in molecular biology and the confocal immunofluorescence
of cervicofacial soft tissues, employing cutting-edge techniques. All changes in the shape of the facial
skeleton, soft tissue, retaining ligaments, fat compartments, and the skin envelope contribute to facial
aging to varying degrees.
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1. Introduction

Throughout the millennia of history, people have struggled to find out the secret of
being forever young. All along this path, they searched for magical liquors, the fountain
of youth, or miraculous remedies to preserve their youth and vitality as long as possible.
The known history of anti-aging treatments begins with Queen Cleopatra who, in 69 BC,
bathed in donkey’s milk to maintain the quality of her skin [1].

Plato, in 400 BC, characterized aging and disease as two different phenomena. By
living a healthy life, harmony can be created between the movement of the soul and the
body [2].

Aristotle, Plato’s disciple, proposed that aging be considered a natural disease that
comes with a natural loss of intellect [3]. ‘A disease to be hated and feared’ was the
expression used to describe the same thing in 19th century.

At that time, while the phenomena of aging of the body have piqued the interest
of philosophers since ancient times, the scientific community did not seem interested in
deepening the subject. Aging was considered as part of the evolutionary process, and
nothing more than natural selection [4].

The face is probably the region most rapidly associated with aging phenomena. This is
due to both extrinsic factors—direct exposure to environmental factors (ultraviolet radiation,
wind, humidity, or dryness), extrinsic factors (smoking, alcoholism, food habits) and
intrinsic factors, which relate to the vegetative reaction to various stressors and individual
genetic inheritance. All of these bring about genetic changes, acting mainly on the vascular
system that serves the structures with an increased risk of aging—the superficial soft tissues
of the face [5,6].

In the early stages of exploring the aging process, these findings comprise clinical
observations on individuals, grounded in the examination and experimentation of potential
remedies [7].

Intrinsic aging is determined by the passage of time (a chronological factor) and is
a normal, physiological process. However, there are genetic and hormonal factors that
influence this type of aging. A lot is inherited in this process, and if we look at older
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relatives, we can see a lot of similarities in these people, especially if they live in the same
environmental conditions [8,9].

Hormonal factors influence the aging process in both genders, but it is known that
in females, after menopause or even earlier, at 3540 years, the process is accelerated,
which proves their involvement in aging, because the level of estrogen hormones begins
to decrease after this age. The disappearance of subcutaneous fat for various reasons
accentuates the aging of the face [9].

The extrinsic aging process is easier to control because it occurs under the action of
factors outside the body that we can protect ourselves from. Ultraviolet and sunlight have
a negative role, accelerating the aging of the skin. Other factors are alcohol, smoking, lack
of sleep, mental stress, diets, drug abuse, various diseases, and existential habits [10].

The influence of gravity has the same effect on youth as in old age, but tissue displace-
ment is limited in youth (occurring only when the tissue becomes lax) [11,12].

The causes that lead to premature aging of the skin and especially of the face, are
exposure to sunlight, tobacco dependence, and tissue gravitational displacement, which
tends to weaken the retaining ligamentous support [10]. If a young person’s facial skin
is smooth, firm, and without wrinkles, with the passage of time and under the action
of the sun’s rays, signs of skin aging appear. The skin loses its elasticity, which leads to
sagging and the appearance of deep wrinkles. Alterations in skin texture manifest, pores
enlarge, and fine lines appear. In addition, the color of the skin changes, pigmentation
spots appear, both those due to age and the sun, areas of redness (rosacea), and broken or
dilated vessels appear.

The outer layer of the epidermis (stratum corneum) is the skin’s first protective
barrier against the external environment. It consists of corneocytes, which are anucleated
keratinocytes that have reached the final stage of keratinocyte differentiation. These cells
prevent dehydration of the skin and are organized in the form of a brick and mortar wall,
in an extracellular matrix rich in lipids [13].

The aim of the manuscript is to carry out a review of the main achievements that have
taken place over time among the techniques for exploring the aging face phenomenon. We
consider it very important to know the evolution in this field due to the increase in life
expectancy among the population. We want the present work to be the starting point in a
new and innovative research direction of the cervicofacial soft tissues through avant-garde
techniques in the field of molecular biology and confocal immunofluorescence.

To achieve this, we have consulted the following international databases: Web of
Science, Science Direct, PubMed, and Scopus. The keywords we used in the search are:
aging face, research history, SMAS, facial rejuvenation, and antiaging. The included
material consisted of 83,601 original articles, 5579 reviews, and 728 book chapters. From
these we excluded the papers in other languages than English and papers unrelated
to medicine.

2. The Beginning (from Renaissance to 1900’s)

In 1550, after a long observational study, Luigi Cornaro wrote the book “The Art
of Living Long” [14]. The book has become the bible of longevity and advocates that
individuals should live carefully and with a good constitution. In his opinion, this is based
on leading a simple life, on the principle of moderation in all things [14].

In another observational study, Benjamin Rush, in 1797, recommended that for a
happy old age, not to overcome the laws of nature, but to understand them, so that elderly
individuals remain productive members of society [15].

In the late 1800’s, an entire series of ‘physiological experiments” and gland grafting
techniques claimed that they discovered the ‘elixir of youth’ [16].

At the beginning of this period, scientists began to study the mortality rate and curves
of unicellular and multicellular organisms. They promptly grasped a fundamental aspect,
namely, they comprehended that most mortality curves had a similar structure. Most
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organisms had higher mortality rates in old age and it is not feasible to stop the aging
process [17].

This marks the point when scientists became aware that the rate of aging could be
slowed and that the same species could live drastically increased lifespans and with a
superior quality of life. Therapeutic measures, including one called caloric restriction
(CR), have been established and promising findings have been published [18]. CR means
reducing the amount of food that an organism consumes and can lead to an increase in
both lifespan and its quality [19].

The initial investigations into CR were conducted in mice, which were fed a diet that
was 30 to 40 percent less than their normal caloric intake. Today it is scientifically proven
that CR also prevents age-related diseases in most organisms.

Professor Michael Klass studied worms (Caenorhabditis elegans) to understand the
genes involved in aging [20,21]. They were genetically modified using a compound called
ethyl methanesulfonate and lived longer than the average, unmodified wild worm [22].

Worms that lived longer were thus found to have reduced activity in their age-1 gene,
PI3-K, leading to the discovery of the insulin-like growth factor 1 (IGF-1) signalling pathway.
Professor Cynthia Kenyon discovered that a single mutation in the daf-2 gene, which codes
for an insulin receptor, can almost double the lifespan of Caenorhabditis elegans worms.

Thus, Klass’ findings paved the way for aging research. Older researchers continue to
build on Klass’s studies today.

Aging of the face is manifested both in the structure of the skin and externally [23].

2.1. The External Changes of Facial Aging

An analysis of the data showed that aging in the upper part of the face (forehead and
eyebrow area) and lower part (fountain and jawline) occurs more gradually, compared to
the middle of the face, especially the cheek area.

The first area prone to facial fat depletion due to aging is the cheeks, immediately below
the eyes, followed by the mid-cheek area. This loss in volume draws attention away from
the eyes and cheeks, attributes that are considered the key features of beauty and the impor-
tance of preserving volume in these areas is crucial for sustaining a youthful appearance.

Nasolabial grooves or nasolabial folds emerge gradually, like the goiter, to the devel-
opment of a generalized wrinkling of the face.

We often notice an accumulation of tissue and deep wrinkles at the corner of the
mouth, and sometimes, these ‘accumulations’ interrupt the continuous line between the
chin and the ears. The corners of the mouth go down, resulting in a ‘soft’ face.

As we age, we tend to lose the fine layer of fat that supports and “fills” the skin of the
face, dryness sets in and skin elasticity decreases. The cheeks drop down, resulting in the
protruding jaw [24].

The tissue around the eyes moves lower, the two eyelids fall. The forehead tissues fall
down, drawing in the eyebrows as well, making them appear more prominent. The nose is
elongated and the tip moves downwards, sometimes developing a dorsal prominence or
the tip of the nose can enlarge, acquiring a “bulbous” appearance (Figure 1) [25].

We notice “bands” in the muscles of the neck, which generate a build-up between the
chin and the neck, or a sagging of the skin of the neck. Combined with the appearance
of fine wrinkles caused by the sun, these are the first signs that make us feel that we are
more mature.

Vascular lesions (telangiectasias), pigmentation (hypo/hyperpigmentation), and be-
nign or even premalignant lesions (actinic keratosis) may occur [26].

Starting between the ages of 20-25, the eyebrows descend slowly and steadily, from
the level of the supraorbital arch down. This ptosis of the eyebrow, combined with an
excess of skin at the level of the upper eyelid, and with the weakness of the coverings of
the orbital septum, shows us the typical appearance of the aging eye. The weakness of the
orbital septum and the excess laxity of the skin of the lower eyelid allows the orbital fat to
herniate (resulting in the so-called palpebral bags).
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Figure 1. The vertical descent of the orbital region of the face due to aging and ligament laxity
(personal collection).

A wrinkling of the skin and profound three-dimensional changes of the subjacent
layers represent the substrate of the phenomenon of facial aging. These structures to which
bone support is added are individually affected by this phenomenon, but they, at the same
time, act as a unitary, dynamic whole that determines the phenotype of the face (Figure 2).

The young face presents a distribution of the adipose and deep layer that gives a
rounded appearance to the face in all three directions of space, delimited by a series of
arches and convexities [27].

Then, genetic studies emerged. The next breakthrough came in 1995, when a group
of researchers in Cambridge, Massachusetts began discovering additional genes associ-
ated with longevity in the budding yeast Saccharomyces cerevisiae. The NAD+-dependent
deacetylase SIR2, a second regulator of longevity, was discovered, taking advantage of a
correlation between stress resistance and longevity. A group of researchers have identified
a series of starvation-resistant mutations with an extended lifespan. One of these strains
carried a mutation in SIR4 [28,29].

2.2. Molecular Studies Were the Next Step

From observational studies to genetic and molecular studies, it was only one step. A
single step, but with an overwhelming importance, consisted of clinical studies carried
out for the first time in the hospitals of Paris, by doctors which collaborated with the
the advancement of the fundamental sciences in medicine—anatomy, physiology, and
biochemistry. The elites of the time correlated old age with specific physiological and
morphological changes that the body goes through. By quantifying tissue damage and
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the subsequent changes that occur in the cell, they concluded that old age was not just a
decline in vitality and could be easily controlled through a regimen of diet and exercise. L
L. Nascher, the ‘father’ of geriatrics, wrote: ‘It is impossible to draw a clear line between
health and disease in old age. With each organ and tissue undergoing a degenerative
change that affects physiological functions, it is a matter of personal judgment to determine
at what point the changes in anatomical features and physiological functions depart from
the normal changes of senility and to what extent” [30].

Figure 2. Representation of the antigravitational fixation regions of the SMAS and the retaining
ligaments involved in the aging face: (A) Transversal 3D reconstruction on which the transverse
plane of the SMAS is highlighted, corresponding to the zygomatic and temporal ligaments, from
the infraorbital region to the zygoma; (B) Transverse 3D reconstruction highlighting the existence
of the topographic plane of the SMAS insertion at the level of the nasolabial fold; (C) Coronal 3D
reconstruction highlighting the topographic plane of the SMAS from the tragus to the gonion—the
downward arrow indicates the direction of movement of the SMAS in this region in the aging face
(personal collection).

From the frontal incidence, the arch of the chin, the convexities of the temples, and the
arches of the lips are visible (Figure 2). In profile, the cheeks, chin, and forehead protrude.

The main role of the SMAS components is to achieve the antigravity support of the
face, what we called “sustentaculum facies” [31]. The functional capabilities of this facial
lift apparatus depend overwhelmingly on the integrity and regional characteristics of its
vascular microperfusion. There is a direct correlation between the quality and quantity
of collagen and myosin fibers in the SMAS network and the homeostasis of the blood
circulation itself. Recent molecular studies demonstrate more than that, specifically the
fact that SMAS has its own vascular plexiform network. Collagen type III showed diffuse
fibrillar staining throughout the stroma, reproducing their characteristic fine, irregular fiber
distribution and thick network. The amount and intensity were varied from moderate to
strong. Immunohistochemical analysis of ICAM-2 revealed that the antibody primarily
was expressed with moderate and strong intensity on the epithelium that covers blood
vessels. MyH2 was present in muscle fibers in stroma. The expression in cytoplasm of
spindle-striated muscular cells were more moderate to strong [32] (Figure 3).

Advancements in molecular methods have significantly contributed to our under-
standing of skin aging. This results from knowledge of the response to DNA damage and
of different forms of stem cells depleted. Each of these contribute to development of new
interventional strategies. Recent studies showed that mitochondrial DNA mutations are
associated with skin aging [33].

The state-of-the-art in molecular aging biomarkers, such as telomere length, p16 INK4a
expression, and epigenetic age, have emerged as valuable tools in understanding and pre-
dicting age-related changes and health outcomes. These molecular aging markers monitor
various molecular alterations associated with aging. Furthermore, their collective effects
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result in an aging phenotype and contribute to a deeper understanding of aging processes
and the development of interventions to promote healthy aging and longevity [34].
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Figure 3. Morphohystological and special IHC techniques highlighting the existence of a proper SMAS
vascular network in the infraorbital region. (A) Deep vertical and horizontal collagen fibrous septa
(red) and muscular fibers (yellow) (VGx5, VG-vanGieson); (B) Abundant perivascular and perimus-
cular type III collagen (Anti-Collagen IIIx5). Staining intensity: moderate; (C) ICAM-2 is expressed
on blood vessel epithelium, moderate and strong staining of the endothelium (Anti-ICAM-2 x10).
Staining intensity: weak and moderate; (D) Immunohistochemically strong positive myosin re-
action of muscular fibers in SMAS fibrous area (Anti-MyH2 x5). Staining intensity: moderate
(personal collection).

2.3. Morphological, Radiological, and Hystological Studies

Adipose tissue decreases quantitatively in genetically predetermined regions, such as
the periorbital, frontal, zygomatic, mandibular, chin, glabellar, and perioral, and instead
accumulates in larger quantities in other regions, such as the submental, nasolabial, and
jugal, forming the subpalpebral fat bags and the zygomatic fat bubble [35,36].

The growth ratio of fat deposits in the upper part of the face compared to the middle
part is 10 in the elderly and 0.1 in the young (from quantitative MRI determinations).
Fat packs become gradually separated from each other, which will give the face a senile
appearance [37].

The arches and convexities presented in young people are interrupted; the arches of
the chin and mandible retreat, leaving the jugal visible, and the forehead and cheekbones
also recede. The muscles of the forehead remain without an overlying tissue, which causes
the appearance of wrinkles in this region. In the face regions, active expression wrinkles
turn into passive wrinkles.

The aging phenomena of the face can appear and progress differently contralaterally,
which leads to facial asymmetries.

Following the loss of the periorbital connective tissue, the fat at this level and the
lower fascicle of the orbicularis oculi end up being covered by the lower eyelid, which
gives a dark color to the skin. This gives the look of tired eyes.
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The connections between the nasal cartilages weaken, leading to ptosis of the wings of
the nose and result in its pyriform appearance. Combined with the resorption of the jaw,
this leads to the accentuation of the nasolabial groove [38].

Resorption of the mandible and ptosis of the chin lead to the relief of the underlying
structures, even the submandibular gland. Ptosis of the chin fat, excess skin, and the facial
portion of the platysma creates the appearance of a turkey neck. The additional contraction
of the platysma, in an attempt to create a support for the floor of the mouth and the deep
structures of the throat, forms vertical bands at this level. The progressive descent of the
hyoid and the larynx leads to a decrease in the cervicomental angle [37].

All these changes that occur gradually can lead, for an experienced eye, to an accurate
estimate of the age of the examined subject.

MRI offers the most definitive visualization of cervicofacial soft tissues, whereas MRAs
utilize MRI principles and techniques to concentrate specifically on blood vessel imaging.
It is capable of depicting detailed stratigraphic anatomical information, yielding images
akin to those from CT scans but with superior soft tissue differentiation.

A recent study using a 3.0T MRA device was conducted on proper imaging pa-
rameters using TR: 3000-4500 ms/TE: 80-150 ms for T2 weighted sequences and TR:
600-650 ms/TE: 15-25 ms for T1 weighted sequences with a 3 mm slice thickness and
20% interslice gap. The image analyses were made with a Dicom Viewer unit. Using
this method, the authors identified the main source vessels of the regions explored by
histological and IHC techniques and superimposed the results with the topographical and
morphological aspects from the histological and IHC tests (Figure 4) [32].

Figure 4. 3T MRA imaging blood sources of masseteric regions. (A) SMAS masseteric branches from
the internal maxilary artery; (B) Masseteric main arterial anasthomoses; (C) The auricular artery’s
parotid branch.

2.4. The Internal (Structural) Changes of Face Aging

The rapid and explosive development of the computing technique in the last two
decades has led to a revitalization of morpho-histological, immunohistochemical, molecular,
and radiological studies.

When considering facial aging, we typically focus on the soft tissue, skin, and fat that
deteriorate and become bigger and flabbier, and generally we just lift everything back up
and remove some skin to keep it tight in place. The ideal solution would be to combine the
traditional lifting with fat injections to add volume to the face [39].

The changes are the result of progressive gravity-related migration of facial tissue,
particularly adipose tissue. In fact, there is laxity and sagging of the fascia, of the existing
muscles and ligaments, phenomena that lead to the loss of facial volume at the level of
the cheeks and their falling towards the mandible, together with a bilateral skin excess.
The cartilaginous skeleton of the nose weakens and elongates resulting in ptosis of the
nasal lobe, lengthening of the nose, and occasionally increasing the possibilities of nasal
obstruction. In addition to the gradual increase in skin laxity, depletion of subcutaneous fat,
and resorption of alveolar bone, an apparent surplus of skin and soft tissue accumulates in
the lower face and temporal region. The facial skeleton loses in height (at the level of the
maxilla and mandible) and gains horizontally and in depth.
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These events determine the downward aspect of the chin, the loss of the clear boundary
between the submandibular region and the neck, as well as the characteristic “turkey neck”
appearance. As you get older, the hyoid bone and the larynx descend, so that the middle
and lower part of the neck are more prominent. The anterior edge of the platysma muscle
loses tone and separates, resulting in the lamellar appearance of the aged neck. Submental
fat can prolapse between these blades, further leading to loss of the cervicomental angle.
Some patients develop a relative downward projection of the zygomatic eminence or the
chin due to redistribution of skin, soft tissues, and subcutaneous fat. As the soft tissues
in the central part of the face descend inferiorly, laterally, and anteriorly, the nasolabial
fold becomes more pronounced, especially at rest. The sliding of the cheeks, as well as
the progressive absorption of the subcutaneous adipose tissue around the mouth opening,
determines an accentuated definition of the nasolabial fold. Strong perioral tissue also
resorbs, especially in edentulous patients, causing excess skin and soft tissue at this level.

3. Anatomical Base of Modern Surgery—Superficial Musculoaponeurotic System

The discovery of the SMAS (superficial cervicofacial musculoaponeurotic system) in
1974 wrote a new and crucial page in cervicofacial anatomy, and plastic and reconstructive
surgery. At the same time, this discovery lays the foundation stone in a long line of research
studies of SMAS [40]. Morphological and functional understanding of age-related changes
in SMAS is the basis for choosing the appropriate technique in surgical procedures or in
medical aesthetic and reconstructive procedures.

Anatomical studies using the operating microscope, combined with morphohisto-
chemical analysis of the complexity of the muscles and connective tissue comprising the
SMAS, has resulted in innovative discoveries in the field of tissue bioengineering [41,42].

A relatively recent direction of research, which is increasingly gaining momentum,
is the description of the superficial and deep fat compartments of the face. Starting with
the research done by Rohrich and Pessa [43-45], and its radiological confirmation by
Gierloff (2012), further support was provided for the theory of facial deflation and vol-
ume changes in these compartments over time [46,47]. Defining the anatomical limits
of these fat compartments (nasolabial, medial, middle, superficial lateral, deep medial
cheek, suborbicularis, buccal, and periorbital) brings a topographical and clear view of the
superficial cervicofacial soft tissues. The same researchers pioneered filler injections, thus
highlighting the major topographical changes that occur with limited volumetric changes
in these specific areas of the face.

Recent discoveries in the anatomy of the facial fat compartment have conceptually
and interventionally revolutionized the approach to adding volume to specific deflated soft
tissue compartments, creating a more individualized youthful restoration of the face [48,49].
Rendering or even reconstructing the characteristics of facial youth starts from the skeletal
structure and goes progressively up to the SMAS. Improvements in midface skeletal pro-
portions through the use of calcium hydroxyapatite or implants, restoration of proper soft
tissue position and volume via fat grafting, and manipulation of the SMAS and palpebral
structures, as well as botulinum toxin injections or resurfacing, allow for the restoration of
youthful facial features in a meticulously tailored manner, addressing individual-specific
changes gradually and systematically. In this sense, the modern techniques of 3D scanning
of the face, correlated with the 3D printing of tissue supports, intervene in the techniques
of reconstruction of the facial bones.

All changes in the shape of the facial skeleton, soft tissue, retaining ligaments, fat
compartments, and skin envelope plays a significant role in facial aging to varying degrees.

Complex IHC studies, correlated with high-performance imaging studies reveal both
new data about the morphofunctional aspects of the soft, superficial layers of the face as
well as their changes that appear with age [48].

CR studies continued to develop throughout the 20th century. A 2020 study fed
rats with fewer calories than their ad-libitum counterparts and found that 57% of the
age-related genetic changes that occurred in normal rats did not occur in calorie-restricted
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rats [49]. MRI or CT imaging of SMAS are also evolving to demask its implications into the
phenomena of the aging face [50-52].

A 2021 study of C. elegans worms discovered the tumor suppressor phosphatase and
protein tension homolog (PTEN) [53]. PTEN is a tumor suppressor, which means it helps
prevent the cell from engaging in any unhealthy behavior. It contains a single-chain amino
acid that supports health and longevity, while counteracting other naturally declining
biological changes. Such studies offer the promise of genetic modification that can help keep
organisms healthy while promoting longevity. These studies investigate the background of
chronic inflammatory disease related to obesity and also to aging phenomena [54].

4. Perspectives

Electron microscopy, special IHC techniques, and even microCT show extremely
promising results in the study of aging phenomena through quantitative and qualitative
determinations of the constituents of the superficial soft layers of this region (Figure 5) [32].
Confocal immunofluorescence with specific vascular and collagen markers, as well as
electron microscopy studies, are increasingly important in aging face research.

Figure 5. MicroCT relevance of intraSMAS vascular plexus (left) and collagen fibers from SMAS
attaching onto the skin (right) (personal collection).

Collagen is a major component of the extracellular matrix that becomes fragmented
and coarsely distributed over time. Thus, its total amount decreases due to increased
activity of matrix metalloproteinases and impaired transforming of growth factor-f3 signal-
ing induced by reactive oxygen species generated during aging [55]. These phenomena
prevent the mechanical interaction between fibroblasts and the extracellular matrix and
lead to the deterioration of fibroblast function and further decrease in the amount of dermal
collagen. There are other components of the extracellular matrix that also change during
aging, such as elastic fibers, glycosaminoglycans (GAGs), and proteoglycans (PGs). Elastic
fibers are thus quantitatively reduced in intrinsically aged skin, but accumulate abnormally
in photoaged skin. The appearance of the clinical characteristics of aging is the result of the
reduction in the levels of the mentioned functional dermal components [56]. Previous stud-
ies have reported conflicting results regarding the aging molecular mechanism considering
GAGs and PGs. Future research will have to go deeper into this major topic to increase
our knowledge.
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By combining quantitative data analysis with qualitative insights from interviews,
surveys, and observational studies, researchers can develop a more nuanced understanding
of aging and its impact on individuals and society. With such an evolution and, with a
revolution in the field of scientific research techniques, we can hope that we will finally
find the much-coveted fountain of youth.
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