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Introduction

Staying young and preventing the effects of
aging are common goals in many different cul-
tures. Currently, we are not able to stop aging
and stay young forever, but we have made sig-
nificant progress in revealing the senescence
mechanisms and development of invasive tech-
niques, biotechnology, and pharmaceuticals to
reverse or delay aging-related changes up to a
point. The aging process and its effects occur
gradually at the cellular and tissue levels,
including skin, ligaments, muscles, and bone.

It is important to understand that tissues are
affected at different rates during aging, which is
apparent externally when we look at someone’s
face. Different tissues respond to aging differ-
ently, for example, bone resorption occurs dur-
ing aging, whereas skin loses elasticity and
begins to sag. In this chapter, we explain the
aging-related changes associated with plastic
surgery briefly and highlight which antiaging
principles are used to reverse or treat these
effects.

Effects of aging on tissues

Skin

Aging skin undergoes epidermal thinning
and atrophy. Its cellular turnover becomes
slower.1–3 However, it continues to have a
strong barrier function throughout life regard-
less of aging-related changes.3,4 As the dermis
ages, it becomes thinner and undergoes atrophy.
Its cellular turnover, extracellular matrix, and
vascularity decrease.1,3,5 During aging, collagen
fibril orientation of the dermis becomes disorga-
nized, and the fibrils reduce in size and number
and fragment.1–4 The amount of dermal collagen
also reduces, which is caused by decreased col-
lagen production due to aged fibroblasts and
increased function of metalloproteinases.2,4

There are several alterations in wound-
healing mechanisms with aging.6,7 The wound-
healing process becomes slower with aging but
isnotdefective if the individual ishealthy.8How-
ever, if comorbidities are added to age-related
skin- and wound-healing alterations, this might
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lead to development of chronic wounds.8

Approximately 10% of hospitalized elderly
patients developsnonhealingpressureulcers.9,10

Despite adverse effects of aging on wound heal-
ing, scar quality of healthy elderly individuals is
high due to their accelerated wound maturation
compared with younger patients.11

It iswell known that regardless of age, skin still
has regenerative functions, which can be proved
by clinical outcomes of skin rejuvenation treat-
ments such as chemical peels, retinoic acid,
microneedling, and laser resurfacing.12,13 Plastic
surgeons,dermatologists, and thecosmetic indus-
try have common interest in nonsurgical skin-
rejuvenation procedures.14 These procedures
can also be combined with more invasive treat-
ments to treat age-related skin alterations.15,16

Adipose tissue

Proinflammatory cytokines are released from
adipose tissue with aging, which deteriorates
regeneration by inhibiting preadipocyte differ-
entiation.17,18 Adipocytes are reduced in size,
and how they react to insulin changes due to
these cytokines, which also stimulate lipolysis.17

Subcutaneous fat is also affectedby senescence.19

Redistribution of fat toward ectopic and visceral
localizations occurs with aging. Deposition of fat
leads to local effects contributing to systemicdys-
function and lipotoxicity.2,17,18,20 It is crucial to
understand the changes of adipose tissue with
aging since it is gaining importance as a great
source for volume restoration and rejuvenation
procedures with its high stem cell content.

Muscle

Human muscle mass decreases up to 30% by
80years of age.21 Its function and strength also
decline during senescence.21,22 Skeletal muscle
atrophy (sarcopenia) or catabolism are seen
because of the increased number of inflamma-
tory cytokines and decreasedmuscle anabolism.
Limitation of regenerative function of satellite
cells and stem cells compromises the reparative

function in aged muscles. Accumulation of fat,
increased fibrosis, and decreased volume and
capacity of restoration cause muscle atrophy
and functional loss.21–23

Bone

Bone tissue undergoes resorption and volume
lossduring aging.24 Itsmineral content including
phosphate and calcium stores decreases, and
bone marrow fat content increases with aging.25

Osteoclasts, osteoblasts, progenitor cells, and
osteocytes have altered function leading to
decrease in skeletal strength and osteoporosis,
which increases the risk of fractures.20,26

Mendelson and Wong showed that the pyri-
form region of the nose, the inferolateral and
superomedial parts of the orbital rim, and the
prejowl region of the mandible undergo resorp-
tion with aging.24 The areas of resorption are
highly predictable, which has a strong clinical
relevance in facial rejuvenation. Therefore, clini-
cians should be aware of these alterations to
implement proper noninvasive and invasive
procedures in aging patients.

Nerve

Several physiological and anatomical changes
are seen in aged nerves. Schwann cells’ regenera-
tive capacity decreases significantly due to deteri-
oration of their repair response in face of injury.27

Aging-related changes result indecline in sensory
perception, autonomic responses, nerve conduc-
tion velocity, andmuscle strength.28–30 Therefore,
capability of reinnervation and regeneration fol-
lowing nerve injuries is compromised and
becomes less effective during senescence.31

Can plastic surgery prevent aging?

We can basically divide the principals of
management of aging-related changes in plastic
surgery into two categories: regenerative and
restorative treatments. Restorative treatments
are considered more invasive procedures
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aiming to correct what is affected due to aging.
Regenerative procedures, on the other hand,
focus on providing optimal parameters includ-
ing microenvironment, growth factors, and so
on for tissue regeneration. In regenerative proce-
dures, the main subject is the tissue itself,
whereas in rejuvenation processes the necessary
factors are organized and optimal conditions are
provided to facilitate or initiate rejuvenation.
With the current knowledge on plastic surgery,
we can conclude that we cannot prevent but
only delay aging by providing optimal factors
for tissue regeneration and by removing exter-
nal deleterious factors.

Rejuvenation

Topical

Aging-related skin alterations can be
addressed by noninvasive topical treatments.
Prevention is key in reducing the impact of aging
on tissues similar to other areas of medicine.
Photoprotection and reduction of UV exposure
by barriers including sunscreens, UV-protective
clothing, and hats minimize extrinsic skin
changes. Chemical sunscreens (organic sun-
screens) transforms UV irradiation into heat,
which is dissipated from the epidermis. Physical
sunscreens (inorganic sunscreens) have titanium
dioxide and zinc oxide particles, which reflect
light rather than absorbing it.32 Several topical
antioxidants (e.g., vitamin C) neutralize extracel-
lular and intracellular free radicals and prevent
the deleterious effects of UV light. They can also
induce neocollagenesis.33

VitaminAderivatives (retinoids) are also very
strong and popular compounds in the treatment
of age-related skin alterations andphotodamage.
They provide significant improvement in the
skin by functioning at the molecular level. They
promote gene expression, induce fibroblast
proliferation and neocollagenesis, and inhibit
matrix metalloproteinases. Regular use of
retinoids provides smoother skin by eliminating
or decreasing coarse and fine rhytids and

correcting irregular pigmentation. These effects
result in a more harmonious and balanced skin
with homogeneous texture.34

Increasing skin exfoliation is another effective
method to treat rhytids and hyperpigmentation.
Alpha hydroxyl acids (e.g., lactic acid, glycolic
acid), trichloroacetic acid, and phenol-croton
oil are frequently used in plastic surgery to
increase cellular turnover by increasing skin
exfoliation. These chemical peels are easy to
use and have significant effects on rhytids. Par-
ticularly, croton oil peeling is a very effective
procedure in the management of deep perioral
rhytids. It is also possible to increase their
strength by altering their density, but this might
increase the rate of adverse effects and should be
executed by experienced physicians only.33

Recently, peptides and growth factors have
gained popularity in rejuvenation treatments.
They essentially induce collagen synthesis at
the molecular level, however, there is still little
evidence to prove their efficacy in the treatment
of aging-related skin or subcutaneous tissue
changes.32,33

Energy based

Skin quality can be improved with ablative
and nonablative laser treatments. They can be
used alone or in conjunction with other treat-
ments including topical compounds, fillers,
and surgery. Their versatile applications in plas-
tic surgery make them an essential tool in the
field of antiaging. Treatment of skin laxity, rhy-
tids, pigmentation, and vascular lesions can be
performed with laser-based devices. The type
of treatment, patient’s skin type, and level of tol-
erance are important parameters in deciding the
type of laser that is going to be used. Ablative or
nonablative, and fractional or nonfractional
lasers, can be used according to patient needs.

The least invasive type is the 640-nmnonabla-
tive and nonfractional laser, which is the most
tolerated type of energy-based treatment used
for stimulation of collagen synthesis and elimi-
nation of fine rhytids. Its less-invasive nature
causes minimal discomfort and downtime,
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whereas multiple sessions are needed to reach a
satisfactory outcome. Fractional and nonabla-
tive lasers are used for more complicated cases.
They cause fractional thermolysis, which
induces collagen synthesis and treats dyschro-
mia. Skin tightening is a good indication for
these lasers, but multiple sessions are also
required. Ablative lasers are reserved for the
most severe cases. They cause thermal necrosis
and long downtime. However, they are very
effective for deep rhytids and provide better
improvement in skin tone, quality, and pores.35

Radiofrequency devices are another energy-
based technology for antiaging treatments. They
are used for skin rejuvenation and function
through electromagnetic energy to stimulate
dermal collagen remodeling by thermal energy.
Additionally, intense focused ultrasound pro-
duces acoustic energy that transforms into heat
in the tissues, causing coagulation necrosis.36,37

These two energy-based devices have modest
effects on skin rejuvenation.

Injectables

Neurotoxins

Botulinum toxin A injections to treat dynamic
or static rhytids are common for reversing or
delaying aging-related changes on the skin. This
paralyzing agent helps to eliminatewrinkles and
elevate eyebrows, thereby blocking neuromus-
cular junctions. The most common area of injec-
tion is the upper third of the face. Typically, its
clinical effects start 2–3 days after injection and
reach the maximal level at the end of 2 weeks.
Its effects last approximately 4months. The fron-
talis muscle, procerus muscle, and orbicularis
oculi muscles are addressed to give a fresh look
to patients, thereby eliminating horizontal and
vertical lines of the forehead and treating crow’s
feet. The depressor anguli oris muscle is another
potential target in patientswithMarionette lines.
It is also possible to treat visible platysmal bands
by neurotoxin injections. Additionally, perioral
wrinkles apparent with aging can be addressed
by orbicularis oris injections.38

It is very important to adjust and decide on
the precise units needed for each injection point,
which necessitates a combination of knowledge
and experience. Even in experienced hands, sev-
eral adverse effects or complications can be seen
such as eyelid ptosis, swallowing difficulty, oral
incompetence, and so on.38

Soft tissue fillers

Aging-related volume loss and skin laxity
correction with soft tissue fillers are increasingly
popular (Fig. 1). Hyaluronic acid is the most
popular filler used to address these changes.
Calcium hydroxyapatite and poly-L-lactic acid
are other popular fillers used for restoration of
the aging face. These contents have different lon-
gevity in tissues due to their different viscosity,
elasticity, and biodegradation properties.

Bone and fat resorption with aging can be
restored with fillers, which additionally elevates
the skin. For example, malar augmentation
affects nasolabial folds andprejowl regionbyele-
vating the skin upwards (Fig. 2). Facial fat atro-
phy caused by aging or HIV infection can also
be addressed with fillers as well as autologous
fat grafting. Temple and malar region are com-
mon areas of facial fat atrophy. Additionally,
sameprinciples can also beused for aging hands.
Dorsal subcutaneous fat tissue undergoes atro-
phy with aging, which can be restored with soft
tissue fillers or fat grafting.

Surgical treatment of age-related changes
in plastic surgery

Upper face

It is vital to understand aging-related changes
and their underlying mechanisms to treat or pre-
vent them. Forehead rhytids become apparent
with the activity of mimic muscles including fron-
talis, corrugator, and procerus muscles. Volume
loss and decrease in skin quality also contribute
to these changes. Brow ptosis, excessive eyelid
skin, involutional eyelid ptosis, and lower eyelid
laxity are examples of aging-related changes in
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A B

FIG. 2 Hyaluronic acid fillers were used in a 59-year-old woman. Lips (total, 1cc), mentum (total, 1cc), mandibular border
(unilateral, 2cc), and malar region (unilateral, 1.5cc) were treated with soft tissue fillers to restore volume loss and soft tissue
descent.

A B

FIG. 1 Aging lip loses volume. Fillers can be used to restore volume deficiency. A 62-year-old woman has signs of aging in
the perioral region. Nasolabial lines, Marionette lines, and volume loss of the lips can be seen.
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the upper face. It is crucial to implement the right
surgical technique to address these changes. For
each problem, many techniques have been
described. Morbidity, longevity, and technical dif-
ficulties differ greatly according to the technique.39

Forehead horizontal lines can be eliminated
with forehead lift, thereby addressing the
frontalis muscle. Endoscopic technique, subcu-
taneous, or direct browlift techniques can be
performed for brow ptosis, which helps reduce
the amount of skin necessary to be removed in
upper blepharoplasty (Fig. 3). Involuntary eye-
lid ptosis can be corrected with levator

advancement technique (Fig. 4). Herniated
upper and lower orbital fat pads can be
addressed during upper and lower blepharo-
plasty procedures, respectively (Fig. 5). Excess
lower eyelid skin caused by aging can be
removed with pinch blepharoplasty or conven-
tional lower eyelid blepharoplasty with a sub-
ciliary approach. Lower eyelid laxity can be
seen with aging due to lateral canthal tendinous
loosening. This might result in ectropion or
xerophthalmia. Canthoplasty, canthopexy, or
lateral tarsal strip techniques are effective proce-
dures to correct these problems.

A B

FIG. 3 A subcutaneous browlift surgery, pinch lower blepharoplasty, and cantopexy were performed in a 47-year-old
woman with brow ptosis and skin excess in the lower eyelid. Note the browlift surgery eliminated the need for upper bleph-
aroplasty. Periorbital rejuvenation is key to achieve pleasing outcomes in antiaging treatments in plastic surgery.

166 17. Antiaging principles in plastic surgery

II. Regenerative and restorative medicine



A B

FIG. 4 Involutional eyelid ptosis is common in aging women. Levator aponeurosis detaches from the tarsal plate with
aging. This 59-year-old woman underwent bilateral levator advancement surgery.

A B

FIG. 5 Lower blepharoplasty is indicatedwhen patients have under-eye bags and excess lower eyelid skin. This 45-year-old
man underwent a lower blepharoplasty with a subciliary approach. The herniated fat pads and excess skin were removed.



Midface

Malar volume loss and descent are hallmarks
of the aging midface. Volumization of the malar
region with fat grafting, midface lift, or facelift
procedures can be performed to correct malar
soft tissue descent and bone resorption. Endo-
scopic techniques, midface lift with a subciliary
approach, or facelift surgery are common ways
to address these aging-related changes.

It is important to emphasize that fat grating is
a great adjunct with its high rejuvenation poten-
tial due to its rich stem cell content. Fat grafting
can be used for both volumization with variable
resorption rates and rejuvenation in any body
region to correct aging-related alterations.40

Lower face and neck

Perioral rhytids, Marionette lines, jowling,
loss of mandibular sharpness due to soft tissue
and submandibular gland descent, and increase
of cervicomental angle due to fat accumulation
and platysmal laxity are common signs of the
aging lower face (Fig. 6). There are many mini-
mally invasive and invasive treatment options
to correct these various changes. Neck lift with
a submental approach allows supraplatysmal
and subplastysmal fat reduction and platysmal
tightening maneuvers to give a better contour
to neck. Submandibular glands can also be
excised in this approach if needed. Thread lift
is becoming popular owing to its minimal mor-
bidity and ease of application. However, it has a
temporary effect and therefore should not be
considered as a substitute for facelift and neck
lift procedures. Facelift surgery allows manipu-
lation of the SMAS and facial fat compartments,
which results in amore definedmandibular con-
tour and malar prominence.

Lips lose volume and upper lip skin becomes
longer with aging. Volumization of lips with
fillers or fat grafting, and procedures including
lip lifting, can give a youthful appearance to
the perioral region.41

Breast

Breastfeeding and gravity affect the shape of
the breast. Breasts look deflated and flaccid with
aging. Two parameters should be considered to
give a more youthful appearance to the breast:
breast volume and descent (Fig. 7). Autologous
fat grafting or breast implants are commonways
to restore volume, but are not always sufficient
to achieve a pleasing outcome. Mastopexy is a
procedure that lifts the nipple-areola complex
along with a certain amount of breast tissue
removal depending on the patient’s breast anat-
omy. Breast content changes with aging and
breastfeeding. It is not always possible to return
to the original anatomy due to decreased skin
elasticity. Therefore, each patient should be
evaluated carefully, and customized interven-
tions should be designed based on their expecta-
tions and anatomy.

Aging is a major risk factor for breast cancer.
Majority of breast cancers are diagnosed in
women older than 65years.42 After oncologic
surgery, breast reconstruction is an important
procedure to restore the self-esteem of the indi-
vidual. This can be performed by plastic sur-
geons using autologous and/or implant-based
techniques.

Others

Pressure ulcers are very common in hospital-
ized elderly patients and should be managed
either conservatively or with surgical proce-
dures depending on the ulcer grade and
patient’s comorbidities.43 Aging-related comor-
bidities such as diabetes can cause diabetic foot,
which can be treated with plastic surgery prin-
ciples including grafts or flaps, if the patient’s
disease is under control. Aging is also a predic-
tive factor for several skin cancer types such as
basal cell carcinoma, squamous cell carcinoma,
and malignant melanoma.44 All these tumors
have different treatment principles in plastic
surgery, ranging from simple excisional biopsy
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A B

A B

FIG. 6 A 53-year-old woman with signs of facial aging underwent browlift, cantopexy, facelift, neck lift, and fat grafting.
Rejuvenation of the face with a more youthful appearance was achieved.



to extremity amputation or lymph node dissec-
tion. All these aging-related changes and dis-
eases might be delayed and alleviated with
the help of antiaging treatments in the future.
It is our mission to have a comprehensive
knowledge about aging-related changes and
mechanisms related to our profession and mod-
ify our approach to patients based on these
developments as we witness the rise of preven-
tive medicine.
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