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Rejuvenating Facial Esthetics
wiy Regenerative and

Biocompatible Techniques
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% 7 Z / 2 . Abstract

This article—the second in a two-part series combining text,
photographic elements, and QR links to video tutorials and
explanations—focuses on the fundamentals of lasers and the
development and research-supported protocols for platelet
concentrates (e.g., liquid platelet-rich fibrin [liquid-PRF]) in
facial esthetics anti-aging applications. A review of lasers’ role
in facial esthetics—along with background information about
applicable laser types, wavelengths, and anti-aging/rejuvenation
indications—is presented. Additionally, the evolution of an
enhanced liquid-PRF formulation and its newer centrifugation
and heating protocols for isolating and procuring PRF-based
injectables will be discussed in greater detail.
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Introduction

As people become more esthetically conscious, strive to main-
tain a youthful appearance, and explore opportunities to reverse
the visible signs of aging, the demand for all-natural and bio-
logically based facial rejuvenation treatments continually grows.
Among the more biocompatible therapies available today are
various laser regimens and autologous platelet concentrate in-
jections, with or without adjunctive procedures (e.g., micro-nee-
dling). The materials/devices used in these alternative anti-aging
approaches differ in their therapeutic mechanisms (i.e., laser
light, growth factor delivery and stimulation), but their underly-
ing commonality is an ability to harness the body’s own healing
and regenerative capabilities at a cellular level, thereby address-
ing the causes of the visible signs of aging.

However, it is important to note that within each respective
category—Ilasers and platelet concentrates—are:

e various types and iterations developed in response to the
need for greater efficacy

e easier and more cost-effective delivery to targeted sites

e faster recovery time for specific indications.

Some product evolution involved the manufacturing and ap-
plication of devices with wavelengths and components more
suitable for anti-aging and regenerative indications, or the mate-
rials themselves and the manner by which they are procured and
delivered, respectively.

Complementing Part 1 of this two-part series (which ap-
peared in Volume 38, Issue 3 of the Journal of Cosmetic Dentist-
ry), this article reviews the fundamentals of laser devices that
indicate their use for facial esthetics applications, as well as the
evolution, development, and use of liquid platelet-rich fibrin
(liquid-PRF) in regenerative medicine and facial rejuvenation.
Combined, laser therapy and liquid-PRF have been shown to
effectively stimulate collagen synthesis and activate fibroblast
proliferation/activity, respectively, to achieve facial rejuvena-
tion and enhanced facial esthetics.

L ASER THERAPY
AND LIQUID—-PRF
HAVE BEEN SHOWN

TO EFFECTIVELY

STIMULATE COLLAGEN
SYNTHESIS AND
ACTIVATE FIBROBLAST
PROLIFERATION/
ACTIVITY,
RESPECTIVELY, TO
ACHIEVE FACIAL
REJUVENATION AND
ENHANCED FACIAL
ESTHETICS.
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Figure 1: Laser light is characterized by a single wavelength of coherently sized and shaped waves that emit high-energy concentrations in a
collimated and directional way.

Figure 2: Laser light that
reaches the skin surface
is either reflected,
scattered, absorbed,

or transmitted.
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Figure 3: The
absorption coefficient
in human tissues as

a function of laser
wavelength is at a
minimum with the
Nd:YAG laser (e.g., 1064
nm), and at a maximum
with the Er:YAG laser
Water - (e.g., 2940 nm).
Hydroxyapatite

Deoxyhemoglobin

Oxyhemoglobin

— Melanin

Laser Fundamentals & Facial
Esthetics Applications

Since their introduction in the 1960s, laser devices have been
used increasingly in medicine, dentistry, and facial esthetics for
various surgical, therapeutic, and regenerative applications.'?
Unlike an ordinary light beam, lasers radiate high-energy, colli-
mated, and monochromatic light wavelengths that are identical
in size and shape and directionally focused (Fig 1).>*

A laser’s active medium (e.g., argon, erbium/yttrium, neo-
dymium, CO2) determines its light wavelength, and this wave-
length subsequently dictates the tissue components with which
the laser light will interact, the type of such interaction or non-
interaction and, therefore, the specific laser’s indications. For
example, interactions between lasers and facial tissues include
reflected and transmitted (i.e., noninteractions), as well as scat-
tered and absorbed (Fig 2).2

The combination of wavelength type (i.e., infrared, visible,
ultraviolet) and molecular (i.e., water) or macromolecular (i.e.,
proteins, oxyhemoglobin, deoxyhemoglobin, pigments [mela-
nin, carotenes]) tissue components determine the laser’s pho-
tochemical, photothermal, and ultimately therapeutic/regen-
erative effects."? In particular, water molecules absorb infrared
light, while protein and pigment macromolecules absorb UV
and visible light (Fig 3).!* The resulting photochemical and/
or photothermal effects of laser light absorption include vapor-
ization/ablation for skin imperfection removal or stimulation/
healing for tightening and rejuvenation, respectively.>

Although the first generations of lasers originally limited
facial esthetic treatments to ablative therapies that required ex-
tensive recovery times for complete re-epithelialization,*® recent
technological advances have led to the commercial availability
of more than 150 laser devices approved for medical and dental

THE PLATELET
CONCENTRATE
FORMULATIONS
DEVELOPED...
DEMONSTRATE SPECIFIC
CHARACTERISTICS
CONTRIBUTING TO
THEIR SUITABILITY FOR
TISSUE REGENERATION
AND ANTI-AGING
APPLICATIONS, BUT
WHICH ALSO LIMIT THEIR
POTENTIAL FOR SPECIFIC
INDICATIONS.
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Figure 4: Centrifugation of whole blood produces three layers, with the platelet-rich fibrin (PRF) clot forming in the upper third of glass tubes.*

Table 1. Laser Characteristics & Indications for Facial Esthetics

Laser Wavelength Indications Notes
. . Red light laser removal also induces hair
Alexandrite 755 Nm Vascular lesion removal . .
removal and pigmented lesions
88 nm Blue/green laser light
Argon 4 Vascular lesion removal Works on the principle of selective
515 NM .
thermolysis
Skin resurfacing Ablative
€02 10600 nm Laser peels Generates substantial heat
Skin rejuvenation
Collagen stimulation and
synthesis Simpler, more controlled, precise ablative
2940 nm - .
Er:YAG Skin tightening therapy
2790 nm .
Laser peels Less aggressive
Treatment of superficial age
spots
Vascular lesion removal Absorbed by deeper levels of tissue
1032 1M Pigmented lesion removal Intraoral energy application promotes bet-
Nd:YAG 3 Tissue regeneration ter penetration into nasolabial/marionette
1064 nm R g . X .
Rejuvenation of deep nasola- tissues through thinner mucosal tissue, less
bial folds and marionette lines downtime, no visible treatment signs
Pigmented lesion removal For hair removal, targets melanin pigment
Ruby 532 nm Tattoo removal in hair bulbs, thereby destroying bulb to
Hair removal achieve permanent epilation
Selectively targets melanosomes within
. High-energy . . melanocytes and keratinocytes
Q-Switched Pulsed Pigmented lesion removal Requires sound diagnostic and histopatho-
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applications. As a result, lasers are widely used for a variety of
facial esthetics indications, including scar revisions;” pigmented
and vascular lesion removal;*’ facial resurfacing;'® facial rejuve-
nation;”!° and other esthetic therapies (Table 1)."!2 As an all-nat-
ural regenerative option for facial anti-aging therapies, laser treat-
ments can readily complement platelet concentrate therapies.'

Evolution of Platelet Concentrate Formulations
& Production Methods

Since their introduction in the 1970s and subsequent evolution
in the past five decades, platelet concentrates have been used
increasingly to produce supra-physiological doses of blood
growth factors to regenerate various human tissues.!* The plate-
let concentrate formulations developed—and which evolved to
include, sequentially, platelet-rich plasma (PRP), platelet-rich
fibrin (PRF), and liquid-PRF—demonstrate specific characteris-
tics contributing to their suitability for tissue regeneration and
anti-aging applications, but which also limit their potential for
certain indications. Therefore, researchers continuously endeav-
ored to improve processes for acquiring growth-factor contain-
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ing platelet concentrates and delivering them to affected sites to
maximize their benefits.

From PRP to PRF

For example, when the anticoagulants typically necessary for
PRP production (e.g., bovine thrombin [CaCI2] are eliminated,
blood more readily and naturally clots during a typical 8-to-
12-minute centrifugation cycle, producing three distinct layers
with unique characteristics: an upper platelet-poor plasma layer,
a platelet-rich plasma layer, and a red corpuscle base layer (Fig
4)." The stable, three-dimensional clot formed from this process
is now referred to as PRE which contains a high concentration
of platelets, leukocytes, and growth factors entrapped within a
fibrin matrix (Fig 5).'

Compared to PRP, PRF significantly improves not only the
host immune system defense against incoming pathogens,!®%
but also secretion of the growth factors and cytokines respon-
sible for tissue regeneration over an extended period of time.?>?3
This is attributed to the concentrate fibrin’s function as the re-
quired scaffold surface material; its cells (e.g., leukocytes, mac-
rophages, neutrophils, and platelets) attract and recruit future

Cell types

Provisional
extracellular matrix

Examples of
bioactive molecules

- Fibrin matrix

Hed cell

including: fibronectin
vitronectin

— platelet-derived growth factor (PDGF)
—Wascular endothelial growth factor (VEGF)
— Insulin-like growth factor
— Epidermal growth factor (EGF)
—TGFB

— Bone morphogenetic protein 2 (BMP-2)

Figure 5: Natural components of PRF include cell types; a provisional, three-dimensional extracellular matrix scaffold fabricated from autologous

fibrin; and more than 100 bioactive molecules.?
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Figures 6a & 6b: (a) A centrifugation spin cycle separates whole blood into a plasma component rich in
growth factors, platelets, and leukocytes useful as a regenerative agent in facial esthetics. (b) QR code to video
explaining the advance from PRP to PRF.

Fixed-angle centrifuge Horizontal centrifuge
G-force applied Rotor axis G-force applied Rotor ax
— e

RCF min

RCF max

Figures 7a-7¢: (a) Tubes are placed vertically info the horizontal configuration device, but gradually rotate horizontally
during the spin cycle, which promotes better layer separation. (b) Due to differences in minimum and maximum
relative centrifugal force (RCF) between fixed-angle and horizontal centrifuges, greater separation of blood layers
based on density is achieved with the latter. (c) QR code to video explaining horizontal centrifugation.
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Figures 8a & 8b: (a) Migration assay of human skin fibroblasts cultured with

liquid-PRF and PRP after 24 hours. (b) Scale bars = 100 pm.

* Denotes significant difference between two groups p<o.0s.

** Denotes significantly higher than all other treatment groups p<o.os.
Assay performed in triplicate with three independent experiments.>

regenerative cells to treatment sites, while its fibrin also serves as
a reservoir for growth factors released over 10 to 14 days.

Enhanced PRF Procurement & Delivery
PRF clots/membranes are typically produced using glass or sil-
ica-coated plastic tubes to promote faster clotting in dentistry
and medicine. However, the ability to procure and deliver an in-
jectable, liquid version of a nonadditive platelet derivative (e.g.,
liquid-PRF) was considered an enhancement since it enabled
liquid-PRF’s extensive use for various regenerative procedures,
including knee injections to manage osteoarthritis; injections
to treat temporomandibular joint disorders; and facial injec-
tions to improve esthetics through natural collagen synthesis.
Interestingly—and particularly relevant to anti-aging efforts—
upon injection, liquid-PRF subsequently clots, boosting its abil-
ity to maintain volume over time (e.g., in facial wrinkles and
nasolabial folds).

To create liquid-PRE blood is drawn into a plastic tube incor-
porating new surface technology, then processed at a very low

Miron/Davies

THE ABILITY TO
PROCURE AND
DELIVER AN
INJECTABLE, LIQUID
NONADDITIVE
PLATELET DERIVATIVE
(E.G. . LIQUID—=PRF)
WAS CONSIDERED AN
ENHANCEMENT,
SINCE IT ENABLED
LIQUID—=PRF’S EXTENSIVE
USE FOR A VARIETY
OF REGENERATIVE
PROCEDURES.

speed (i.e., 300 g) for an even shorter centrifugation time (i.e.,
three to eight minutes) to maintain cells in the upper layer. The
ability to use more hydrophobic materials (i.e., plastic) enables
the separation of the blood into two layers (Figs 6a & 6b), with
cells maintained in the upper layer. The same type of tube can
also be centrifuged at higher speeds (i.e., 2000 g) for eight min-
utes to create a denser liquid-PRF more suitable for use as a bio-
logical filler (i.e., bio-filler) to replace chemical fillers.
Additionally, centrifugation methods for procuring PRF
evolved from historically fixed-angle rotors—which cause an-
gled, uneven blood separation—to horizontal centrifugation,
which promotes optimal cell separation into their appropriate
layers based on density (Fig 7a).2* The high g-forces of fixed-an-
gle centrifuges push cells toward the back of tubes, then down-
ward/upward based on cell density, and place additional shear
stress on cells during separation; larger cells (e.g., red blood
cells) typically trap and pull smaller platelets to the bottom of
the PRF tubes (Fig 7b). Horizontal centrifugation produces PRF
with up to four times greater accumulation of cells and growth
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factors by enabling free cell mobility, reducing cell trauma/shear
stress, and preventing cells from amassing along outer tube walls
(Fig 7c).*

PRF vs. PRP for Facial Esthetics & Skin Fibroblasts

Research comparing skin cell behavior and regeneration with
liquid-PRF and PRP found that while all platelet concentrates were
nontoxic and demonstrated high cell survival, skin fibroblasts mi-
grated more than 350% in liquid-PRF compared to control and
PRP, a 200% increase (Figs 8a & 8b).* Liquid-PRF also induced
more significant cell proliferation at five days. Additionally, al-
though both PRP and liquid-PRF induced significantly elevated
cell messenger RNA (mRNA) levels of platelet-derived growth fac-
tor (PDGF), considerably higher transforming growth factor beta
(TGE-B), Type I collagen (COL1), and fibronectin (FN1) mRNA
levels were observed in the liquid-PRF group (Figs 9a-9d).”

PDGF

Relative gene expression

COLI

B

Relative gene expression
L
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Finally, liquid-PRF demonstrated a significantly greater ability to
induce collagen matrix synthesis compared to PRP (Figs 10a &
10b).* It was therefore concluded that liquid-PRF has greater re-
generative potential on human skin fibroblasts than PRP, and that
because PRF tubes contain no additives, PRF is a more natural ap-
proach to tissue regeneration and is also less expensive.?

Expanding PRF Applications with Heat Processing

A limitation of PRP and PRF is their relatively fast resorption
time (i.e., typically 10 to 14 days). This often precludes their use
as typical “barrier membranes” to protect guided bone regenera-
tion from faster-growing soft tissues in dental procedures,*® or
as facial fillers when augmenting deep folds and tissues—both
of which require a long-lasting solution. Fortunately, a number
of developments involving blood-derived growth factors, heat-
ing plasma and PRF membranes, and specialized cooling tech-
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Figures 9a-9d: Expression of regeneration-related and extracellular matrix-related genes of gingival fibroblasts cultured with PRP and liquid-PRF

at 3 days and 7 days: (a) PDGF; (b) TGF-B; (c) COL; (d) FNu.

* Denotes significant difference between two groups p<0.05.

** Denotes significantly higher than all other treatment groups p<o.0s.
Assay performed in triplicate with three independent experiments.»
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Figures 10a & 10b: Immunofluorescent COL1 staining of skin fibroblasts

cultured with PRP and liquid-PRF at 7 days: (a) COL1 staining (green) merged
with DAPI staining (blue). (b) Scale bars = 100 ym; COL1 staining quantification.

* Denotes significant difference between two groups p<o.0s.
** Denotes considerably higher than all other treatment groups p<o.0s.
Assay performed in triplicate with three independent experiments.>

niques enables the extension of PRF's resorption time and work-
ing properties from two to more than three weeks and even up
to six months.?”* In particular, to overcome their rapid degrada-
tion properties and better maintain volume stability, a protocol
was developed to heat and then cool the platelet-poor plasma
(PPP) layer, which contains ~60% albumin; mix a concentrated
PRF layer (C-PRF)**3 taken from the buffy coat back into the
now more densely organized gel; and ultimately produce albu-
min gel PRF (Alb-PRF), also called extended PRF (E-PRF).**

Alb-PRF & Facial Esthetics Bio-Filler Protocol

To produce Alb-PRF (Fig 11), peripheral blood is collected using
9- to 10-ml additive-free tubes that are then placed in a horizon-
tal centrifuge (Bio-PRF; Venice, FL), which is set at 2000 g for an
eight-minute protocol (Fig 12). After processing, separate blood
layers (i.e., yellow plasma upper layer and remaining decanted
red cells) can be observed.

Miron/Davies

A NUMBER OF
DEVELOPMENTS
INVOLVING BLOOD—
DERIVED GROWTH
FACTORS, HEATING
PLASMA AND PRF
MEMBRANES, AND
SPECIALIZED COOLING
TECHNIQUES ENABLES
THE EXTENSION OF PRFE’S
RESORPTION TIME AND
WORKING PROPERTIES
FROM TWO TO MORE
THAN THREE WEEKS,
AND EVEN UP TO SIX
MONTHS.

Two to four milliliters of the uppermost layer of PPP (e.g.,
2 cc) is then collected with a syringe, and other blood portions
(i-e., buffy coat, liquid-PRE and red blood cells) are placed in a
specialized cooling device (Bio-Cool, Bio-PRF) to prevent clot-
ting (Fig 13). The syringes containing PPP are then inserted into
a specifically designed heating device (Bio-Heat, Bio-PRF) at
75°C for 10 minutes for human serum albumin denaturation
and to produce the albumin gel (Fig 14). The syringes are re-
moved and cooled to room temperature in the cooling unit for
10 minutes, resulting in noticeable color and texture changes be-
tween the Alb-PRF and standard liquid-PRF (Fig 15).3°
The albumin gel and liquid-PRF are then mixed between sy-
ringes using a female-female luer-lock connector (Fig 16). Ad-
equate mixing is ensured by passing back and forth between
syringes approximately 10 times. Once thoroughly mixed, the
Alb-PRF/facial esthetics bio-filler can be utilized as an injectable
autologous concentration of growth factors, cells, and heated al-
bumin (Fig 17).
Journal of Cosmetic Dentistry

49



FEATURE

ADVANCES IN HOW
LIQUID=PRF AND
PLATELET CONCENTRATES
E ARE PROCURED, PROCESSED,

e AND ADMINISTERED
HAVE ENHANCED THEIR
REGENERATIVE AND
REJUVENATION APPLICATIONS
IN FACIAL ESTHETIC
THERAPIES.

1. Centrifuge whole blood
at 20009 x 8 min

Lo
1]

2. Collect upper layer
of liquid-PRF

Summary

Due to their natural regenerative approach, lasers and
platelet concentrates have grown in popularity and are

5. Collect used in the ever-growing field of facial esthetics and, as

liquid-PRF, described in this article, for good reason. Laser device
including buffy fundamentals, evolution, and development of treatment-
\ coat Ia',rer specific techniques have broadened the range of anti-
—— aging indications for which these technologies can be

3. Heat at 75°C 4 Cool to b{)d‘f fEI'I"IﬂEfEfLH‘E applied. Simultaneously, advances in how liquid-PRF
ol 75 : and platelet concentrates are procured, processed, and

for 10 min  (albumin QEI} administered have enhanced their regenerative and re-

" juvenation applications in facial esthetic therapies. Col-
. lectively, they present a compelling case for using both

s s
- . .
L A to provide safer, more natural, faster, and economical

anti-aging solutions.

Independently and in combination, laser therapy and

. ’ e liquid-PRF effectively stimulate collagen synthesis and ac-

6. Mix the albumin QEI with hqmd*FRF tivate fibroblast proliferation/activity to achieve enhanced
facial esthetics, all by harnessing the body’s own healing
and regenerative capabilities at a cellular level. As people
become more esthetically conscious, strive to maintain a
youthful appearance, and explore opportunities to reverse
the visible signs of aging, the demand for all-natural and
= . # biologically based facial rejuvenation treatments such as

lasers and liquid-PRF will likely continue to increase.

E?

7. Injectable Alb-PRF
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Figure 12: Blood collected in additive-free tubes
is centrifuged horizontally. Figure 15: Following 10 minutes of heating, clinical differences in color are observed
between the liquid-PRF (top syringe) and the albumin gel (bottom syringe).

Figure 13: The remaining platelet-rich layer is kept in
a specialized cooling device fo extend clotting time.

Figure 16: A luer-lock mixer device is attached to the liquid-PRF and albumin gel syringes
to mix both components and create Alb-PRF (i.e., E-PRF).

Figure 14: After centrifugation, the upper 2 cc of

plasma is placed into specifically designed medical

heating device fo heat the serum and PPP. (Note:  Figure 17: View of Alb-PRF (i.e., E-PRF) ready for use and immediate injection following
the machine must be preheated before use at 75°C  adequate mixing.

for 10 minutes.)
Journal of Cosmetic Dentistry 5'|




FEATURE

BEGINNER

INTERMEDIATE

ADVANCED

Jfor Clinicians

» Use only hydrophobic plastic tubes when centrifuging
liquid-PRF to prevent coagulation into a PRF fibrin matrix.

» Remember that once PRF is drawn info a syringe, it will clot
within 20 to 40 minutes and even more rapidly if exposed
to oxygen.

» PRF may be injected into facial tissues or the scalp,
similar fo PRP.

» Because PRF growth factors are released over a 10- to
14-day period, a 14- to 28-day treatment cycle of three
fo four therapies spread evenly one month apart for
the first three to four months is the typical initial skin
regeneration regimen.

» PRF may be used as an autologous growth factor applied
to the face before/after micro-needling (see Part 1 of
this series).

» Remember that when it comes to liquid-PRF and PRF bio-filler
injections, the severity and location of the problem areas will
determine dosage, needle size, and injection depth. A thorough
knowledge of facial anatomy is essential.
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