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n the nearly 25 years since Bob Marx and | developed

the original formula for PRP, | have followed its gradual

evolution from controversial idea to vital wound healing
agent with keen interest—not unlike an anxious parent.
In 2005, our co-authored book—Dental and Craniofa-
cial Applications of PRP (Quintessence)—introduced
the concept of platelet-rich plasma (PRP) to the world
and provided scientific and clinical proof of its efficacy.
Together, we spent the next decade training other clini-
cians on the proper use of PRP.

Everything changed in 2010, when it became public
knowledge that PRP was the secret to Tiger Woods's
speedy recovery from a torn ACL. Commercial interests
quickly co-opted the conversation, drowning out the
voices of those who, like Marx and me, did not want to
see this low-cost biotechnology exploited by profit-hungry
manufacturers of centrifuge devices. There was also an
enormous amount of misinformation being promulgated
by certain medical/dental experts who recognized the
enormous therapeutic potential of autologous growth
factors and seized the opportunity to establish a name
for themselves in the scientific community. The medical
literature became saturated with articles introducing new
terminology to describe slightly modified growth factor
compositions, often without much (if any) additional clin-
ical benefit. The result was an alarming lack of standard-
ization in protocols, a nomenclature best described as an
alphabet soup of acronyms, and an overwhelming sense
of confusion among clinicians. In 2015, when | published
the first edition of this book, my primary motivation was
to “set the record straight.”

Vi

So the first edition of this book was my effort to refocus
the conversation about platelet-derived therapies in order
to make PRP accessible again to the practicing clinician.
In titling the book, | made the major concession of using
a generic term—autologous blood concentrates—as a
way to signal my desire to focus on the science and not
the politics. | wanted the book to reach clinicians regard-
less of which machine or nomenclature they were most
familiar with.

In the world of regenerative biotechnology, 6 years is
a very long time, and much has happened since the first
edition of this book was published. This new second edition
has been thoroughly revised, updated, and expanded to
reflect current understanding, applications, and protocols
of PRP for clinicians who have been using or wish to start
using PRP in their practice. The centerpiece of this edition
is a completely new chapter that details the step-by-step
formulas and processes for preparing eight configura-
tions of PRP and the specific indications for using each
one. How and when to apply the various configurations
in clinical dentistry—for soft tissue preservation, hard
tissue preservation and regeneration, and facial rejuve-
nation procedures—is the subject of subsequent chap-
ters. Because the use of PRP requires the clinician or an
assistant to perform a venipuncture, the final chapter is
a comprehensive guide to the principles and practice of
phlebotomy.

| continue to engage in clinical PRP research, both in my
private practices and through my charitable foundation,
and will remain a passionate advocate for its use for the
benefit of patients everywhere.



Autologous Blood Concentrates:
The Science of Natural Wound Healing

n many ways, traditional surgery and the medical arts

have always tried to remove barriers to natural wound

healing. Removal of these barriers proved that through
replicable conditions and cases, standardized protocols
could be created and followed to enhance wound healing.
Over time, replication of results led to even more stan-
dardized techniques and procedures. For example, wound
debridement and administering antibiotics demonstrably
helped prevent infection, and stabilizing wounds and plac-
ing tissues in closer physical proximity promoted healing.
These particular kinds of standardized, replicable surgical
techniques can be labeled assistive or nonobstructive.!
However, beginning in the last quarter of the 20th century,
a truly “proactive” phase in surgical medicine began with
the discovery that macrophages, reacting with oxygen,
release growth factors that promote wound healing.?® An
assortment of cellular/tissue and oxygen-related therapies
followed,*® culminating only about two decades ago in
the use of growth factors produced from concentrated
autologous blood platelets to promote wound healing.!”-??
The result is medical science’s present focus on platelet
and other biologic/regenerative therapies as critical means
for promoting, initiating, and sustaining wound healing.?®

Inthe mid-1980s, platelets were understood essentially
as cells that helped to stop bleeding. Over the next 20
years, the discovery of the various growth factors released
by platelets gave birth to regenerative medical therapies,
most of which are still in their infancy.?*-* How the growth
factors and functional matrix delivered by autologous
blood concentrates induce wound healing is widely under-
stood. The focus of current research is replicating and
standardizing the preparation and administration of the

autologous-derived product to best suit the donor-patient.
Though a variety of preparation techniques, products, and
nomenclatures have been tried, the good news is that
no significant difference in the osteogenesis of growth
factors has been evidenced.¥-4°

Nevertheless, firmly establishing the science of platelet-
rich plasma and other platelet-derived products requires
an investigation of platelet biology, the release of growth
factors, and the practical application for soft tissue heal-
ing and bone tissue regeneration. So far, the scientific
journey of autologous blood concentrates has been remark-
ably expansive. The future of this journey promises to be
more focused, even single-minded, toward its scientific
destination—even more standardized products and proce-
dures based on replicable results.

Platelet Biology

The first autologous blood concentrate was introduced
in the literature as autologous fibrin adhesive and later
changed to platelet-rich plasma (PRP). That term became
standard, first in the oral surgery literature and then in
all medical and dental surgical specialties. While many
other terms have been used to describe autologous blood
concentrates—particularly in niche markets as a way to
sell specific centrifuges and/or test tubes—PRP will be
used throughout this book.

As an actor in the performance of regenerative medi-
cine,"*" PRP provides two of the three essential compo-
nents for allowing a wound to heal in place: growth factors
and a scaffolding stage (Fig 1-1). The third ingredient for
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FIG 1-1 Components of blood that are concentrated in PRP.

in situ tissue regeneration is the cells. PRP is a patient’s
own blood concentrate, modified in a relatively quick,
efficient, safe, and simple procedure, to obtain a dense
concentration of platelets. The autologous nature of PRP
precludes disease transmission to the patient or other
adverse reactions. To provide wound healing benefit to
the patient, PRP generally must have at least four to seven
times the normal concentration of platelets, or roughly 1
million platelets per microliter.*® A blood clot in a wound
consists mostly of red blood cells and much smaller
percentages of platelets and white blood cells (Fig 1-2).
Applying PRP to such a wound essentially replaces red
blood cells with growth factor-producing platelets and a
fibrin network, thus (at least in theory) greatly enhancing
the healing of wounds and migration of cells, as well as
the regeneration of bone and soft tissue.

When bone marrow megakaryocytes undergo cyto-
plasmic fragmentation, the anuclear platelet cells enter
the circulatory system. The relatively tiny platelet is
about one-fourth the size of a red blood cell (approxi-
mately 8 um in diameter) and six to seven times smaller
than a lymphocyte; however, the platelet’s membrane
extends pseudopodially via invaginations, which provide

Platelet

ind Healing

Fibrin
White blood cell

an expansive, dynamic, and vigorous surface area for the
cell membrane during activation.'*® The plasticity and
resilience of the platelet’s pseudopodic membrane enable
its vascular-sealing qualities, along with its ability to form
athrombus and fibrin clot, as well as clot retraction when
its hemostatic labors are complete®® (Fig 1-3). Generally,
the larger and younger the platelet, the greater its hemo-
static qualities and the greater the quantities of growth
factors contained within it.?35452

The short lives of platelets (240 hours or less) are very
actively spent synthesizing and secreting growth factors
as part of the blood-clotting process. The platelet contains
lysosomes, ribosomes, mitochondria, and an assortment
of intercellular proteins that help form its shape as well
as its mobility. The platelet cell also contains storage
organelles that consist of lysosomal granules (for stor-
ing enzymes for digestion), dense granules (for storing
and secreting adenosine diphosphate [ADP]), and alpha
granules (for summoning and activating other platelets
via nascent growth factors) (Fig 1-4).53-5

The growth factors stored in the alpha granules include
platelet-derived growth factor (PDGF) isomers labeled AA,
BB, and AB (referred to as polypeptide “dimers” because
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FIG 1-2 The classic wound healing cascade.

of their two active sites, which are actually antiparallel
monomers); transforming growth factor (TGF) isomers
beta 1 and 2; vascular endothelial growth factor (VEGF);
and epithelial growth factor (EGF). Growth factors not
contained in platelets include insulinlike growth factors
(IGF) 1 and 2 and bone morphogenetic protein (BMP).
The blood-clotting process activates the alpha granules in
platelets to secrete growth factors, both when the plate-
lets circulate normally in the blood and when the platelets
are concentrated in PRP. Alpha granules move toward the
membrane and bind themselves to its surface, causing
histone and carbohydrate side chains to combine with,
and to activate, growth factor proteins.!

In addition to their basic hemostatic roles, platelets
have been found to play a number of nonhemostatic func-
tions.%®>" Tissue repair and inflammation are two of several
functions that researchers are currently exploring.5®> The
alpha granules in platelets are the producers/directors of
the diverse roles medical science is learning platelets can
play beyond the traditional role of hemostasis. Ironically, in
fact, the granules contain substances that normally work in
opposition to each other. The platelet’s ability (when prop-
erly signaled) to release different substances specifically

FIG 1-3 Scanning electron micrograph (SEM) appearance of a platelet
before (left) and after (right) activation.
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required by other cells, molecules, and tissues explains why
it is the focus of so many different types of current medical
research, including tissue inflammation and regeneration,
neurology, autoimmunity, hemostasis, wound healing,
atherosclerosis, and a diverse range of others.%0-56

PRP Growth Factors

There are a number of different types of growth factors
contained in platelets.®*® These growth factors are
polypeptides, accounting not only for tissue and organ
morphogenesis (from shortly after human conception to
adulthood) but also for cell differentiation and prolifera-
tion. Their crucial activity in cell healing makes them espe-
cially important to current research in tissue engineering
and regenerative medicine (Fig 1-5). The growth factors
that have received the most attention from medical
researchers and practitioners include PDGF-AA, PDGF-BB,
and PDGF-AB; TGF-B1, TGF-B2, and TGF-B3; fibroblastic
growth factor (FGF); IGF; EGF; and VEGF.

PDGF

PDGFs, found in several types of human cells but mostly in
platelets, were the first type of growth factor discovered

in alpha granules.?” PDGF adheres only to target cells with
receptive surface membranes. When a wound is treated
with concentrated platelets, the release of PDGF trig-
gers activity in fibroblasts, neutrophils, and macrophages,
stimulating the latter to additionally release growth
factors that help to heal injured tissues.”®"? Specifically,
the target cells’ transmembrane receptors are activated
by the platelet-released growth factors, and the recep-
tors’ intracytoplasmic qualities activate the signal trans-
ducer proteins, one of which migrates to the target cell’s
nucleus. There, the protein initiates a particular, regulated
gene sequence—which may, for example, include the
production of osteoid.

Alternatively, the sequence might lead to the synthe-
sis of collagen. The regulated nature of the sequence
precludes an “overdose” of concentrated growth factors.
Growth factors’ amutagenic qualities testify to their abil-
ity as natural proteins to initiate and participate in the
regular genetic activities associated with the controlled
mechanisms for wound healing.!”*7® As isomers of a single
protein, and functioning as mitogens, PDGFs—the most
common growth factors—perform different but often
complementary tasks (Fig 1-6). This prompts certain cells
to replicate, specifically mesenchymal stem cells, osteo-
blasts (producing osteoid), endothelial cells (secreting
basal lamina), and fibroblasts (producing collagen).”-83
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TGF-B1, TGF-B2, and TGF-B3

There are dozens of TGFs (including BMPs), and three of
them (TGF-B1, TGF-B2, and TGF-B3) are protein growth
factors that behave not only as mitogens (for cell replica-
tion) but also as morphogens (for cell differentiation).848>
As cell preservers, TGF-B factors serve essential functions

in wound healing, from the fetus to the adult.®6-% Like
PDGFs, TGFs exert their influence in both healthy and
pathologic cell activities, making their therapeutic use
extremely problematic and challenging in that they often
behave in opposite and even contradictory ways in both
soft and hard tissues, including their roles in proliferation,
migration, and differentiation®®-*2 (Fig 1-7).



FGF

FGF is an important mitogen inducer of
fibroblast and endothelial cell prolifera-
tion. It also stimulates angiogenesis and
plays a vital role in the repair of skele-
tal muscles and tendons. New blood
vessel formation is due in large part to
the activities of FGF, and it stimulates
the migration of the macrophage as
well as epithelium for epidermis forma-
tion*09495 (Fig 1-8).

|GF

IGFs are peptide hormones that have
been found to promote cell growth in
in vitro experiments. IGFs were also
found to reduce levels of blood glucose
in various tissues, hence their name.
Their ability to stimulate glandular
activities in humans differentiates
them from other PRP growth factors.
For example, IGF-1 mainly adheres to
and stimulates receptors in cells of
pituitary growth hormones. Most cells
increase in size and number as a direct
result of the synthesis and secretion of
IGF-1 by tissues stimulated by growth
hormones.

Growth factor production, along
with growth hormone production and
concentrations, wax and wane as part
of the natural maturation process
of humans before, during, and after
pubescence, particularly for IGF-1.
Liver production accounts for most IGF
concentrations. IGFs have their most
potent growth-stimulating effect on
themselves and on nearby cells, and
they (both IGF-1 and IGF-2) aid in bone
cell mitosis. As an osteoblast secretion,
IGF assists in osteogenesis and bone
ossification via proliferation and differ-
entiation of cells®*-8 (Fig 1-9).

PRP Growth Factors
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FIG 1-9 Some of the roles of IGFs.
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EGF

The protein-based EGF causes the basal cells of the skin
and mucous membranes to replicate, migrate, and form
essential elements of these membranes.?® EGF likely posi-
tively affects the generation of tissues as well as wound
healing because of the way it controls the proliferation,
growth, and migration of epithelial cells while strength-
ening the formation of new blood vessels. A therapeutic
application of EGF has been used in preventing and treating
dermatitis resulting from overexposure to x-rays or radium.

VEGF

As its name suggests, the protein-based VEGF helps to
develop blood vessels by interacting with endothelial cells,
stimulating the synthesis of basal lamina, and recruiting
pericytes®° (Fig 1-10). Like several other growth factors,

ind Healing

FIG 1-10 VEGF stimulates
the endothelial cell, enhanc-
ing multiple phases of the
angiogenic cascade.

Basement membrane degradation

Plasminogen == Plasmin

Increased

vasodilation/permeability

VEGF is known for and studied scientifically mainly due to
its activity in pathologic states rather than healthy ones.
The role it plays in the formation of new blood vessels of
cancerous tumors has provided much of what we know of
its abilities to stimulate growth in other cells. Tumors, just
like healthy cells, can synthesize growth factor proteins—
including VEGF—that promote the formation of new
blood vessels from existing ones (angiogenesis). Instead
of angiogenesis taking place for normal body growth or
tissue repair, in this pathologic process it enables the spread
of cancerous cells. In this case, VEGF activity leads to the
development of capillaries within the tumor because of its
stimulation of endothelial cells, which are the raw materials
needed for angiogenesis. Endothelial cell division leads to
the growth and migration of the tumor cells, developing a
cascade of shared growth factors between their cells. Possi-
ble cancer therapies, therefore, include ways to introduce
proteins into the tumor that slow or stop angiogenesis.
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PRP and Soft Tissue Healing

PRP has shown great promise clinically and histo-
logically, especially for healing soft tissue in a stan-
dard wound of a donor site for a split-thickness skin
graft.1ot102 Additionally, healing therapies for burns may
benefit significantly from PRP application. The platelets
release growth factors and cell-signaling cytokines,
such as interleukin and interferon, that act to regulate
inflammation and infection in the immune system!?°3
(Fig 1-11).

When compared to non-PRP-assisted clotting, PRP-
assisted clotting is remarkable for its rapidity of healing
in the basal cells at the edge of the wound, where EGF
induces epithelial proliferation; subsequent migration
to the granulation tissue helps the clot’s cell adhesion
molecules. Unlike an unassisted clot, the PRP clot reveals
the bundles of fibroblasts and collagen, evidence of an
expanding epithelium, and more mature healing. This

PRP and Soft Tissue Healing

Cell migration
and function

Platelet release
of mediators

Platelet release of

cytokines and chemokines

comparatively accelerated maturity is also evidenced by
increasingly reduced vascularity and fibroblastic cellu-
larity over time, as well as quicker fleshlike appearance
in 2 to 6 months. Reduced pain in the first 7 days of the
wound, and reduced scarring over time, are also notable
differences effected by the PRP clot. These benefits are
also demonstrated in healing of other soft tissue wounds,
including mucosal flaps, dermal fat grafts, and similar
wounds.!

Bone and soft tissue healing can be strengthened in a
variety of surgical procedures when a concentrated mixture
of autologous platelets is placed at the wound site. The
relative ease of methods for obtaining PRP makes it an
attractive regenerative adjunct therapy for many surgi-
cal treatments. Promoters of PRP tout its ability not only
to help restore damaged bone and soft tissue but also
to enhance wound healing, lower the patient’s pain and
discomfort after the surgical procedure, and reduce the
rates of infection and loss of blood.1**1°¢ Much of the recent
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FIG 1-12 Application of PRP in a sinus elevation procedure. (@) Once an adequate volume of graft material hydrated with PRP liquid has been placed,
the window is ready for a PRP membrane. (b) The PRP membrane is placed over the lateral window, and then the flap is sutured back in place.

literature on PRP has been devoted to its wide range of
applications in tissue healing and repair, including maxillo-
facial, periodontal, oral (Fig 1-12), and plastic surgery; heart
and spine surgery; and chronic ulcers of the skin and soft
tissue.l°11° Some studies have suggested that in addition
to enhancing wound healing, PRP provides antimicrobial
qualities to inhibit postoperative infections in oral surgery.*
PRP has been used in such soft tissue therapies as liga-
ment, muscle, and tendon repair’®?; rotator cuff tears™3-115;
skin ulcers®; acne scarring"®; and limb amputation.°-12

PRP and Bone Regeneration

PRP accelerates and expands cells’ wound healing
response and acts biochemically to set the rate and
amount of regeneration in bone. Within 10 days, its activity
is complete, but this short action has long-lasting effects.
For example, the alpha granules in platelets degranulate
within several minutes of clot formation, and within 1
hour 90% of their growth factors are released, stimu-
lating osteoprogenitor, endothelial, and mesenchymal
stem cells. A graft-surrounding matrix is formed by fibrin,
fibronectin, and vitronectin. PDGFs have a mitogenic
effect on osteoblast, endothelial, and mesenchymal stem
cells. The latter are also acted upon mitogenetically and
angiogenetically by TGF-f isomers, which induce osteo-
blastic differentiation as well. While capillary ingrowth
is promoted by VEGF, the lack of epithelial cells renders

10

EGF inert (Fig 1-13a). Within about 72 hours, osteopro-
genitor cell mitosis begins and capillary buds appear (Fig
1-13b). In the entire first phase of bone graft healing (about
2Y to 3 weeks), the graft is penetrated by capillaries,
and osteoprogenitor cells have greatly proliferated (Fig
1-13c). During this phase, cell instability and infection are
common, with the potential for lysing and arresting the
development of wound healing. Obviously, prevention
of infection and contamination are essential, as is graft
stability.!

The hypoxic and acidic atmosphere of the wound itself
attracts the circulating macrophage and blood monocyte
(soon a wound macrophage), both of which assist bone
regeneration via the secretion of more growth factors.
The clot now contains fibrin, fibronectin, and vitronectin,
acting as a matrix for the ingrowth of blood vessels as
well as the proliferation and migration of cells. Between
3 and 6 weeks, the proliferation and differentiation of
osteoprogenitor cells in the matrix produce osteoid (Fig
1-14), which signals the next (second) phase of healing,
when graft and bone join and when adventitial cells
develop to support the vascular ingrowth (Fig 1-15).
Hypoxia diminishes due to the oxygen provided by the
increased blood flow, preventing hyperplasia. By week
6, osteoclasts resorb the osteoid, releasing BMPs and
IGF factors 1 and 2, causing the differentiation of nearby
osteoblasts and mesenchymal stem cells for maturing
bone replacement (Fig 1-16). Mineralized dense bone thus
becomes the normal formation now, in the third phase
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PRP and Bone Regeneration

FIG 1-13 (3) The biochemical environment of an
autogenous bone graft. (b) As early as 3 days after
graft placement, significant cell divisions and pene-
tration of capillary buds into the graft can be seen.
(c) By 17 to 20 days, complete capillary penetration
and profusion of the graft has taken place, and os-
teoid production has been initiated. (Reprinted with
permission from Marx and Garg.!)
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Acellular

Developing surface osteoid

FIG 1-14 (3) Acellular matrix along with surface osteoid developing on the endosteal surfaces of the transplanted bone and the resection edges
of the host bone in a 3-week autogenous bone graft. (b) Corresponding radiograph shows a not-yet-mineralized graft with a “cloudy” appearance
indicative of a graft that is not yet consolidated. The radiolucent line between the graft and host bone is the result of a dying-back resorption of the
host bone from periosteal reflection. (Reprinted with permission from Marx and Garg.})

Acellular
matrix diminishing

8 Surface osteoid increasing

FIG 1-15 (a) By fusing graft particles together and to the host bone, the graft has produced sufficient osteoid to consolidate by 6 weeks. (b) Corre-
sponding radiograph shows condensation of the cloudy graft appearance, indicative of osteoid production and graft organization. The radiolucent
line between the graft and host bone has nearly disappeared as a result of osteoconduction between the graft and host bone edge. (Reprinted with
permission from Marx and Garg.!)

FIG 1-16 (a and b) At about 6 weeks, the graft begins a major resorption-remodeling cycle in which osteoclasts resorb the disorganized immature
bone and release BMP and insulinlike growth factors, thus inducing formation of new bone that will mature during function. (Reprinted with per-
mission from Marx and Garg.!)
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What Is PRP?

FIG 1-17 (a) After 6 weeks, the graft will be consolidated and fused to the host bone. It then enters the lifelong resorption-remodeling cycle of
the remainder of the skeleton. (b) Radiographically, bone maturation is characterized by the development of a normal trabecular pattern and an
increased density. Here, an inferior border outline, an external oblique ridge, and a coronoid process attest to the remodeling of bone under function.

(Reprinted with permission from Marx and Garg.})

of bone regeneration, as the graft-fused bone life cycle
parallels the regular turnover rate of bone replacement
in the body (Fig 1-17).

Platelet growth factors not only induce bone cell regen-
eration but also double the normal increase in mineral
density in bone, with faster-forming and more quickly
maturing bone, including significantly increased trabec-
ular bone values*® (Fig 1-18). Bone-related therapies
for PRP include oral and cranial surgery,*®122124 spinal
fusion,?>12 osteogenesis distraction,?**3 foot and ankle
fractures,3>34 bone grafting,'3>'¢ oral implants,**3 and
diabetic fractures.’8#4414

What Is PRP?

Efforts to standardize protocols for the clinical application
of autologous platelet-derived product have often been
accompanied by nonstandardized nomenclature for that
product. Many researchers believe the term platelet-rich
plasma is too general and incomplete, leading to confusion
not only in preparation and application but also in catalog-
ing in the scientific databases, thus hampering the flow of
information in the scientific community. Other names that
have been applied over the years include platelet-rich fibrin
(PRF), autologous platelet-rich plasma (aPRP), platelet gel
(PG), autologous platelet concentrates (APCs), prepara-
tion rich in growth factors (PRGF), platelet-derived growth
factor (PDGF), platelet-leukocyte gel (PLG), concentrated
growth factors (CGFs), and numerous others (Fig 1-19).

i v S R

FIG 1-18 Histomorphometry of an autogenous bone graft without PRP
at 4 months shows that the graft has a 60% trabecular bone density,
consists mostly of immature bone, and is undergoing active resorption-
remodeling. (Reprinted with permission from Marx and Garg.!)
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A simplified terminology-classification system for plate-
let concentrates has been widely adopted. It consists of
eight categories based on its consistency and clinical
application. The researchers and clinicians who devised
this classification system believe it underscores the
profound potential of these products and the need for all
stakeholders to learn and demonstrate their awareness of
the products’ complexity. The composition and application
of these other forms of PRP are detailed in the chapters
of this book.

Historically, the majority of studies of the clinical effi-
cacy of PRP did not provide sufficient information to
allow their PRP preparation protocol to be reproduced.
This not only added to the confusion over terminology
but also made it impossible to compare the PRP prod-
ucts that were being tested. Several recent papers have
addressed this confusion and shared ideas about how
to standardize the protocol to make PRP preparation
simple and straightforward, and most importantly, to
obtain a consistent and effective platelet yield.*67148 |n
2017, Chahla et al published a systematic review of the
clinical orthopedic literature on PRP and a call for more
standardized reporting of PRP preparation protocols
and composition.’® Although 105 studies met the inclu-
sion criteria for analysis, only 11 of them (10%) provided
sufficient detail of their preparation protocol to allow it
to be reproduced. Additionally, only 17 studies (16%)
provided quantitative metrics on the composition of the
PRP product they delivered to patients.
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FIG 1-19 The terminology for PRP is a confusing alphabet soup of
acronyms. Chapter 4 presents the names and formulations for eight con-
figurations of PRP and the step-by-step instructions for preparing them.

Ongoing Controversies

Since the mid-1990s, clinicians have used an assortment
of PRP preparations in several different therapies, ranging
from oral and maxillofacial surgery and implantology to
orthopedic surgery, burn treatment and the treatment
of other wounds difficult to heal, soft tissue cosmetic
surgery, soft tissue disease and injuries, and tissue engi-
neering. Invariably, the literature that documents these
therapies calls not only for high-level studies to better
measure the efficacy of the variety of PRP therapies but
also for standardizing the preparation and application of
platelet-derived products.’*

Any discussion of PRP application must be preceded
by a review of platelet sequestration principles. Only
then can a discussion of progress toward consensus on
PRP protocols take place. Such an approach reveals that
the clinical preparation and application of PRP across
medical disciplines is a dynamic, evolving process, and
that we disrupt this dynamism at our medical/scientific
peril. Too-hasty attempts to reach consensus could inhibit
researchers’ efforts to discover the full potential of PRP
and other biologic therapies.

Naming and classifying platelet derivatives

Nearly 25 years after the earliest reports appeared, the litera-
ture on PRP for both human and veterinary medicine still lacks
consensus on standardized protocols for preparing, naming,



Ongoing Controversies

Factors that influence the quality of platelet concentrates

Preparation step Critical factor

Details

Blood collection Needle Gauge, length, material, surface modification

Tubing of butterfly needle Diameter, length, material

Syringe/tube Materials, surface modification

Lag Distance between blood-collection space and centrifuge
Centrifuge Tube Shape, material, surface modification

Rotator Swing or angle

Centrifugal condition

Force, duration

Other handling Pipetting

Coagulation

Technique, material
CaCl,, thrombin, glassware

classifying, and applying platelet concentrates. PRP appears to
remain the most likely term, given that plasma resuspension
of any platelet concentrate is required before application.! A
high-density fibrin concentrate can facilitate cell migration and
the release of cytokines. However, the number of leukocytes
affects the concentrate’s wound healing ability, leading to the
often contradictory results of different studies.

A rush to standardize PRP protocols could prevent
researchers from critical discoveries found only through
overcoming clinical obstacles that may defy established
norms. For example, a definition of PRP in 2001 proposed
an optimal clinical healing concentration of 1,000,000
platelets/uL in a 5-mL volume of plasma for bone.**° But
in 2008, a platelet gel study concluded that a concentra-
tion of about 1.5 x 10° plt/mL appeared to be optimal for
proliferation, migration, and invasion of endothelial cells,
showing that higher concentrations of growth factors can
adversely affect wound healing for soft tissues.’®
Despite the general similarity in the protocols for preparing
PRP, a number of variables affect whole blood centrifuga-
tion for platelet concentration and volume: platelet size,
anatomical differences of patients, hematocrit variability, the
amount and location of autologous blood drawn, the centrif-
ugal forces and number/duration of spins, and temperature
variants (including a refrigerated centrifuge; Table 1-1).15-%7

Compounding the problems of standardization are
variations in centrifugation terminology (for example,
rotation-per-minute versus g-force), centrifuge rotor
radius, patient age and sex,'*® activating or not activat-
ing PRP before application,’®° using noncommercial
PRP kits, needle bore size, and types of anticoagulants
or lack thereof.

The variety of methods for delivering PRP to a wound
site demonstrates the evolving and sometimes compet-
ing techniques for applying PRP and other biologics in
wound healing; however, reliable clinical results often
require replicable delivery methods in addition to standard
production methods. For example, hydrogels, sponges,
and nanofiber scaffold fabrication can be used for treating
bone defects with PRP®

So clinicians must be wary about too-rigid standard-
ization of the principles and technologies of platelet
sequestration, the nomenclature and classification of
platelet-rich products, and the application of those prod-
ucts for wound healing. The dynamic and often contra-
dictory nature of PRP derivations and clinical applications
across the medical spectrum may in fact represent oppor-
tunities for greater scientific and medical understanding
and advancement.
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Condlusion

The dental and medical community has traveled a great
distance since the mid-1980s when platelets were under-
stood essentially as cells promoting hemostasis. The
discovery of growth factors released by platelets intro-
duced regenerative medical therapies that have become
the present focus of a great deal of speculation and exper-
imentation in the medical profession.

The succeeding chapters cover both the present and
future science of autologous blood concentrates by cast-
ing more light than heat on the ongoing conversations
concerning standardization and replication of techniques
and procedures. It is the author’s hope that these chapters
will contribute valuable insights concerning biologic/regen-
erative therapies, helping to remove much of the skepticism
regarding the applications of PRP and related autologous
products used in a growing number of medical fields, but
particularly the fields of oral and maxillofacial surgery, peri-
odontics, dental implants, and facial cosmetic surgery.
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A
Absorbable collagen sponge, 50, 52f
ACD-A, 58-59
Acellular matrix, 12f
Acne scarring, 133-134, 134b
ACS. See Absorbable collagen sponge.
Adventitial cells, 10
AGA. See Androgenetic alopecia.
Allogeneic bone, 121
Allogeneic dermis, 103, 103f
Alopecia. See Androgenetic alopecia.
Alpha granules, 2-3, 10, 36, 47
Alveolar osteitis, 66, 117
Alveolar ridge
grafting of, using PRP sticky bone, 80f-81f
preservation of, 109-111, 110f
resorption of, 115f
splitting/expansion of, 69, 70f, 112f
Alveolar ridge augmentation, 111-116, 112f-116f
horizontal, 79, 79f-81f, 111-113, 112f
vertical, 113, 113f-115f
Androgenetic alopecia
liquid PRP for, 62, 63f
microneedling for, 134-136, 135f-136f
Angiogenesis, 90
Angiotensin Il, 24
Antecubital fossa, 160
Antecubital veins, 160, 161f
Anticoagulants, 58-59
Anxious patients, 171
Application(s)
cardiothoracic surgery, 21-23, 23f
dentistry, 27-28, 28f
diabetic foot ulcers, 34f, 34-35, 35b
general surgery, 35-36
methods of, 15
neurosurgery, 31-32, 32b, 32f
ophthalmology, 28-30, 29f
osteoarthritis, 24-25, 25b, 25f
plastic surgery. See Cosmetic surgery.
podiatry, 30, 30b
protocols for, 15
rotator cuff injury, 23f, 23-24
spine, 32-33, 33f-34f
sports medicine, 23f, 23-24
tendinopathy, 26-27, 26f-27f
veterinary medicine, 30-31, 31f
wound site, 21
Aqueous-deficient dry eye disease, 29-30
Arterial puncture, 170
Artificial tears, 29
Atrophic scars, 133f, 133-134
Augment Injectable, 41, 41f
Autogenous bone grafts
biochemical environment of, 11f
consolidation of, 13f
healing of, 10

hemimandibular, 47f

histomorphometry of, 13f

liquid PRP added to, 60f

PRP added to, 46, 93-94, 94f

PRP sticky bone with, 77

resorbed mandible treated with, 44f-45f
Autologous blood, 22
Autologous fat transfer, 128-131, 131b, 128f-131f
Axon regeneration, 148

B
Back of hand venipuncture, 166, 167f
Bandages, 159
Basilic vein, 162
Beta tricalcium phosphate, 40-41
3-TCP. See Beta tricalcium phosphate.
Biofillers, 82f, 82-83, 138f-139f
Bio-Oss, 50
Biophotomodulation, 146
Blepharoplasty, 127f, 127-128
Blood
biology of, 57-58
components of, 57, 57f
Blood collection
evacuated tube system for, 154f, 154-155, 157-158, 158f, 169
rack used in, 158, 158f
tray for, 160, 160f
tubes used in, 157-158, 166-167, 157f-158f
winged set for, 155f-156f, 155-156
BMP. See Bone morphogenetic proteins.
Bone blocks, 60, 60f, 115f
Bone formation
bone morphogenetic protein-induced, 48f, 50
illustration of, 39f
insulinlike growth factors in, 41, 41f
mechanisms of, 49
Bone grafts. See Autogenous bone grafts.
Bone marrow-derived mesenchymal stem cells, 43
Bone morphogenetic proteins
-2, 50, 52-53
advantages of, 48
bone formation induced by, 48f, 50
description of, 3, 48-52
osteoclast release of, 10
rhBMP-2, 39, 49f, 49-50, 51f, 53f
Bone regeneration
BMP-2 gene therapy for, 53
growth factors in, 39, 40f
guided. See Guided bone regeneration.
platelet-rich plasma in, 10-13, 11f-13f, 47f
PRP-heated protein biomembrane for, 84
temporal sequence of, 47f
transforming growth factor B in, 43, 43f
umbilical cord-derived mesenchymal stem cell exosomes for, 54
Bone substitutes, 121
Boxcar atrophic scars, 133f, 134
Brachial artery, 170
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Buffy coat, 58
Burns, 9
Butterfly needles, 156-157

C
Calcified afibrillar cells, 88
Cardiopulmonary bypass, 21-22, 23f
Cardiothoracic surgery, 21-23, 23f
Cell adhesion molecules, 103
Centrifugation
blood layers after, 57-58, 58f
description of, 57
fat preparation uses of, 130
plasma layer after, 58, 58f
platelets, 58
terminology associated with, 15
Cephalic vein, 161f, 161-162
Chin augmentation, 139f
Chronic tendinopathy, 26
Clot
bone graft particles in, 94
cellular composition of, 2, 10, 57, 57f
formation of, 58, 88
platelet formation of, 58
Clotting, 9
dietary influences on, 65
PRP gel, 63, 63f, 65
Collagen induction therapy. See Microneedling, dermal.
Collagen membrane, liquid PRP-soaked, 60, 61f, 120
Collagen plugs, 77
Collagen synthesis, 4
Collapsed vein, 168-169, 169f
Connective tissue grafts, 71, 101-102, 101f-102f
Connective tissue growth factor, 46t
Coronally repositioned flap, 103
Cosmetic surgery
autologous fat transfer, 128-131, 131b, 128f-131f
blepharoplasty, 127f, 127-128
rhytidectomy, 125f-126f, 125-127

Crestal sinus elevation. See also Sinus elevation procedure.

osteotomies, 65f

PRP gel for, 64-65, 65f
Crestal sinus elevation procedure, 119
CTGF. See Connective tissue growth factor.
Cytochrome-C oxidase, 146

D

Deep sternal wound infections, 22-23
Dental implants. See Implant(s).
Dentigerous cyst, 118f
Dentistry
fibroblast growth factor applications in, 43
PRP applications in, 27-28, 28f
Dermal fillers, 62, 82, 82f, 136-141, 137f-140f
Dermal graft, nonparticulated, 128, 128f-129f
Dermal microneedling
acne scarring treated with, 133-134
description of, 131-132
facial rejuvenation uses of, 131-133
hair loss treated with, 134-136, 135f-136f
liquid PRP for, 61-62, 62f
technique for, 132f
Diabetic foot ulcers, 34f, 34-35, 35b
Diamond bur, 118
Direct ink writing, 145
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Discography, 32
Distance osteogenesis, 88
Dry eye disease, 28-30

E
Ecchymosis, 127
EGF. See Epithelial growth factor.
Endochondral ossification, 49
Epithelial growth factor
description of, 3, 8, 48
functions of, 46t
Epithelial-mesenchymal transition, 6f
Esthetic zone, 98f, 109
Evacuated tube system, 154f, 154-155, 157-158, 158f, 169
Evaporative dry eye disease, 29
Exosomes, 54
Extraction socket grafting. See Socket grafting.
Exudate, 73f, 73-74
Eye drops, 29-30

F

Facelift. See Rhytidectomy.
Facial cosmetics. See Cosmetic surgery; Facial rejuvenation.
Facial lipofilling, 130, 130f, 140
Facial rejuvenation
lipofilling for, 130, 130f, 140
liquid PRP for, 61-62, 62f
microneedling for, 131-136, 132f-133f, 135f-136f
PRP for, 61-62, 62f, 138b
Fainting, 171
FASTAB, 99
Fat transfer, autologous, 128-131, 131b, 128f-131f
FDBA. See Freeze-dried bone allograft.
FGF. See Fibroblast growth factor(s).
Fibrin, 57f, 57-58, 117
Fibroblast(s)
origins of, 6f
transforming growth factor B effects on, 6
Fibroblast growth factor(s)
description of, 7
functions of, 42-43, 46t
-1/2, 42t, 42-43
receptors, 42
tissue applications of, 42t
Fistulas, 32, 36
Flaps, soft tissue, 97
Food and Drug Administration, 144
Foot ulcers, diabetic, 34f, 34-35, 35b
Free gingival grafts, 99-101, 100f
Freeze-dried bone allograft, 69, 110f, 118

G
Garg Sticky Bone. See PRP sticky bone.
Gauge, of needle, 156, 156f
Gauze pads, 159
GDF. See Growth differentiation factor.
Gel. See PRP gel.
Gene therapy, 52-53
General surgery, 35-36
Gingival marginal level, 27
Gingival recession
connective tissue grafts for, 101-102, 101f-102f
description of, 98-99
free gingival grafts for, 99-101, 100f
grafting for, 71, 72f



Gloves, 159
Grafts

autogenous bone. See Autogenous bone grafts.
bone. See Autogenous bone grafts.

connective tissue, 71, 101-102, 101f-102f

free gingival, 99-101, 100f

Growth differentiation factor, 47f
Growth factors. See also specific growth factor.

in bone regeneration, 39, 40f
characteristics of, 4

discovery of, 1

mesenchymal stem cell stimulation of, 61
neural cell survival affected by, 146
platelet release of, 9, 57-58, 109, 143
summary of, 46t

Guided bone regeneration

PRP-heated protein biomembrane for, 84
PRP-soaked collagen membrane use in, 60, 61f

Hair regrowth, 62-63, 63f, 136f

Healing. See Soft tissue healing; Wound healing.
Heated protein biomembrane, 83-85, 84f
Heated proteins, PRP with, 81f-82f, 81-83
Hematocrit, 58

Hematoma, 170-171, 171b

Hematopoietic stem cells, 41

Hip osteoarthritis, 25

Horizontal ridge augmentation, 79, 79f-81f, 111-113, 112f
HSCs. See Hematopoietic stem cells.
“H-shaped” vein pattern, 160, 161f
Hubs, needle, 157f

Hyaluronic acid, 61

Hypertrophic scars, 134

Hypodermic needles, 156-157

Ice pick scars, 133f, 134
IGF. See Insulinlike growth factors.
Implant(s)

anodized surface of, 91f

fibroblast growth factor applications in, 43
liquid PRP uses, 60, 60f

loading of, 88, 91

osseointegration of. See Osseointegration.
osteoblast attachment to, 89f

primary stability of, 87, 89f

stability of, 87, 89f, 91

surface of, 91, 91f

wettability of, 91

Implant placement

after PRP gel packing, 65

alveolar site for, 91

in esthetic zone, 98f, 109

immediate, 69

PRP exudate irrigation of osteotomy before, 73, 73f
PRP membrane application during, 97, 99f
traditional approach, 97

trauma management after, 109

Infratemporal areas, 140f
Infuse Bone Graft, 39-40, 50f
Insulinlike growth factors

in bone growth and development, 41, 41f
description of, 3, 7
functions of, 7f, 46t

-1/2, 41-42
in osteoblast development, 42
types of, 41
Interleukin 8, 46t
Intervertebral disc degeneration, 33, 33f-34f
Intrabony defect, 28f
Intradiscal injections, 33
Intramembranous ossification, 49

J
Juvéderm, 136

K

Keratinocyte growth factor, 46t
Knee osteoarthritis, 24-25, 25b, 25f

L
Lacrimo-auriculo-dento-digital syndrome, 42
Laser therapy, 146, 146f
Lateral epicondylopathy, 26
Lateral window sinus elevation
with membrane perforation repair, 71f
PRP sticky bone for, 79f
Leukocyte-PRP
bacteria-inhibiting components of, 107
rotator cuff tears treated with, 24
Leukocytes, 107
Lip border augmentation, 139f
Lipofilling, facial, 130, 130f, 140
Lipopolysaccharide, 107
Liquid PRP
activation of. See PRP gel.
alopecia treated with, 62-63, 63f
bone graft hydration using, 60f
collagen membrane soaked in, 60, 61f
dermal microneedling uses of, 61-62, 62f
description of, 58-59
facial rejuvenation uses of, 61-62, 62f
formula for, 59
graft material hydration in, 109, 110f
hair regrowth uses of, 62-63, 63f

heated plasma layer with, for PRP biofiller formation, 137f

illustration of, 59f
implantology uses of, 60, 60f
mandibular reconstruction uses of, 115f
mucoperiosteal flap addition of, 97, 98f
nonparticulated dermal graft, 128
PPP mixed with, 82
PRP gel versus, 64
PRP sticky bone versus, 77
LLLT. See Low-level laser therapy.
Low back pain, 32, 33f
Lower eyelid blepharoplasty, 127f, 128
Low-level laser therapy, 146, 146f

M

Malar regions, 140f
Male pattern baldness
definition of, 62, 134
microneedling for, 134-135
Mandible
benign tumors of, 147f
resorbed, 44f-45f
Mason-Weaver equation, 148
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Maxilla Periodontal defects, 40, 109

bone height increases in, 119f Periodontal disease, 109

reconstruction of, 114f Peripheral nerve regeneration, 146-148, 147f
Maxillary ridge augmentation, 111, 111f Phlebotomy
Maxillary sinus grafting, 50 overview of, 153
Median cubital vein, 160-161, 161f venipuncture. See Venipuncture.
Median nerve, 170 Phlebotomy workstation, 159f, 159-160
Medication-related osteonecrosis of the jaw, 104 Plantar fasciitis, 30, 30b
Megakaryocytes, 2, 58 Plasma layer, 58, 58f, 81
Membranes. See PRP membranes. Plasmapheresis, platelet-rich, 21, 22b
Mental crease, 138f Platelet(s)
Mesenchymal stem cells activation of, 3f, 57

bone marrow-derived, 43 alpha granules in, 2-3, 10, 36, 47

description of, 10, 31 biology of, 1-4

ex vivo BMP-2 gene delivery using, 53 centrifugation of, 58

exosomes derived from, 54 clot formation by, 58

growth factor stimulation of, 61 composition of, 2, 4f

transplantation of, 54 concentration of, 15
Microneedling. See Dermal microneedling. derivatives of, 14-15
Mitogenic growth factors, 120 functions of, 2-3, 4f
MSCs. See Mesenchymal stem cells. growth factor release by, 9, 57-58, 92
“M-shaped” vein pattern, 160, 161f life span of, 2, 58
Mucogingival attachment, 99 membrane of, 2

size of, 2
N Platelet factor 4, 46t
Nasolabial folds, 82, 82f, 138f Platelet-derived growth factors
Necrotizing soft tissue infections, 35, 35f -BB, 40
Needles. See Venipuncture, needles. bone regeneration promotion by, 13, 47
Nervous patients, 171 in collagen synthesis, 4
Neurosurgery, 31-32, 32b, 32f description of, 40-41
Newcastle-Ottawa scale, 31 functions of, 4, 5f, 40, 46t
Nonparticulated dermal graft, 128, 128f-129f heat-inactivated, 30
isomers of, 2

(o) periodontal bony defects treated with, 40

tissue repair benefits of, 21, 22f
Platelet-poor plasma, 82, 101
Platelet-rich fibrin, 126
Platelet-rich plasmapheresis, 21, 22b
Plug. See PRP plug.
Podiatry, 30, 30b
Porphyromonas gingivalis, 107

Ocular surface disease index, 29
Open flap debridement, 27
Ophthalmology, 28-30, 29f
Osseointegration
angiogenesis in, 90
definition of, 87
description of, 39 ;
factors that affect, 90t, 90-92 Postauricular flap, 126
growth factors in, 92 PPP. Sge Platelet-poor plasma.
histology of, 9OF, 93f Preauricular flap, 125

illustration of, 90f PRP ) )
implant surface and, 91, 91f acne scarring treated with, 133-134, 134b

liquid-PRP promotion of, 60 antimicrobial properties of, 107
mechanism of. 87-89 ' applications of. See Application(s).
process of 88Yf autologous-source drawbacks of, 148

PRP uses for, 92-94, 92f-94f blood components in, 2f
Osteoarthritis, 24-25, 25b, 25f cell adhesion molecules release by, 103
Osteoblasts, 42,121 clinical uses of. See Application(s).
Osteoclasts, 41, 44 controversies regarding, 14-15
Osteocytes, 89f definition of, 13-14, 44, 46
Osteogenesis, 48f, 88 development of, 57-58

factors that affect, 15t

formulation of, 57-58

growth factors in. See Growth factors.

with heated proteins, 81f-82f, 81-83

laser therapy and, 146, 146f

P leukocyte-. See Leukocyte-PRP.

literature regarding, 21

sequestration protocols for, 15, 148

sinus elevation procedure uses. See Sinus elevation procedure, PRP.
studies of, 143-144

Osteoid, 10, 12f, 93f
Osteonecrosis of the jaw, 104
Osteoprogenitor cells, 10, 48, 94
Oval finishing bur, 118

Parry-Romberg syndrome, 129f
Patellar tendinopathy, 27f
PDGFs. See Platelet-derived growth factors.
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terminology associated with, 13-14, 14f, 143f
wound healing components of, 1-2
PRP exudate, 73f, 73-74
PRP gel
cardiopulmonary bypass uses of, 22, 23f
clotting with, 63, 63f, 65
compression of, 671, 73f
crestal sinus elevation uses of, 64-65, 65f
definition of, 63
formula for, 64
general surgery uses of, 36
liquid-PRP versus, 64
membranes made from, 67f, 73f
sinus elevation uses of, 64-65, 65f, 120f
third molar socket grafting uses of, 66, 66f
PRP membranes
alveolar ridge splitting/expansion uses of, 69, 70f
definition of, 66
formation of, 66, 67f
formula for, 68
gingival recession treated with, 71, 72f, 101-102, 102f
in implant placement, 97, 99f
lateral window sinus elevation with membrane perforation repair
using, 71f, 83-84
minimally invasive technique with, 101, 102f
preparation of, 66, 67f
PRP plug versus, 74
sinus membrane perforation repair using, 69, 71f
socket grafting uses of, 69, 69f, 83
PRP plug
collagen plugs versus, 77
costs of, 77
extraction socket defects treated with, 74, 77
formation of, 74, 75f
formula for, 76
neurovascular bundle protection using, 75f
PRP membrane versus, 74
PRP sticky bone
alveolar ridge grafting uses of, 80f-81f
formation of, 77, 77f
formula for, 78
horizontal ridge augmentation uses of, 79, 79f-81f, 112f, 116f
liquid-PRP versus, 77
sinus grafting uses of, 79, 79f
socket grafting uses of, 110f
vertical ridge augmentation uses of, 116f
PRP-heated protein biomembrane, 83-85, 84f

R
Radiation dermatitis, 36
Recombinant human bone morphogenetic protein-2, 39, 49f, 49-50,
51f, 53f
Recombinant human platelet-derived growth factor, 40, 41f
Red blood cells
after centrifugation, 58
platelets versus, 2
Restylane, 136
rhBMP-2. See Recombinant human bone morphogenetic protein-2.
rhPDGF. See Recombinant human platelet-derived growth factor.
Rhytidectomy, 125f-126f, 125-127, 126b
Ridge splitting/expansion, 69, 70f
Robocasting, 144-145, 145f
Roles-Maudsley score, 30
Rolling atrophic scars, 133f, 134
Root coverage
connective tissue grafts for, 101-102, 101f-102f

Index

free gingival grafts for, 99
traditional techniques for, 98
Root exposure, excessive, 103, 103f

Rotator cuff injury, 23f, 23-24

S
Sequestration protocols, 15, 148
Sharps containers, 157, 157f
Sinus elevation procedure
contraindications for, 118
crestal, 119
indications for, 118
local anesthesia for, 118
PRP in, 10f, 119f
gel, 120f
plug, 77
sticky bone, 79, 80f
rhBMP-2/ACS application in, 52f
Sinus grafting, 79, 79f
Sinus inflammation, 118
Sinus membrane perforation, 69, 71f
Skin
age-related collagen loss in, 61
wound healing of, 35
Skin grafts, 104, 105f
SMAS. See Superficial musculoaponeurotic system.
Socket grafting
PRP membranes for, 69, 69f
PRP plug for, 74, 77
PRP sticky bone for, 110f
PRP-heated protein biomembrane for, 84f
third molar, PRP gel for, 66, 66f, 104
Soft tissue flaps, 97
Soft tissue healing
PRP for, 9-10, 46, 97, 104, 107
studies of, 97
Spinal fusion, 31-32, 32b, 32f, 39
Spinal infection, 32
Spine, 32-33, 33f-34f
Split-thickness skin graft, 106f
Sports medicine, 23f, 23-24
Stem cells. See Mesenchymal stem cells.
Sticky bone. See PRP sticky bone.
Subperiosteal tunnel, 71, 72f, 102
Superficial musculoaponeurotic system, 126
Syncope, 171

T
TCA peeling. See Trichloroacetic acid peeling.
Tear film breakdown, 28-29, 29f
Tear troughs, 138f-140f
Tendinopathy, 26-27, 26f-27f
Tennis elbow. See Lateral epicondylopathy.
TGF-B. See Transforming growth factor B.
Third molars

impacted, removal of, 117f-118f

socket grafting, 66, 66f, 104, 117, 117f
3D printing, 144-145, 145f
Tibial shaft fractures, 40
Tissue regeneration, 5f
Tissue repair, 21, 22f
Titanium, 91
Tourniquet, 159, 159f, 164, 164f, 167
Trabecular bone, 89
Transforming growth factor 3

B1/B2/B3, 6,24, 31
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Index

in bone regeneration, 43, 43f, 47 hematoma, 170-171, 171b
description of, 43-44 needle phobia, 171
functions of, 43f, 46t nerve compression injury, 170
isomers of, 3 nerve injury, 170, 170b
osteoimmunity functions of, 43f nervous patients, 171
wound healing functions of, 6 patient-related, 171
Trichloroacetic acid peeling, 133 syncope, 171
Tubes, blood collection, 157-158, 157f-158f equipment for, 153b, 153-160
filling tubes during, 166-167
U gauze pads for, 159
Ulcerative wounds, 34f, 34-35, 35b gloves for, 159
Ultrasound, 148 hand sanitizing before, 160, 161f
Upper eyelid blepharoplasty, 127, 127f needles
blood flow complications involving, 168, 169f
\Y description of, 156-157, 156f-157f

disposal of, 168, 168f
insertion of, 166, 166f, 168f, 169f
inspection of, 165-166
phobia of, 171
removal of, 167, 168f
palpation for, 162
patient positioning for, 160
procedure for, 160-168, 161f-168f

Vacutainer, 157

Vascular endothelial growth factor
capillary ingrowth promotion by, 10
description of, 3, 8, 8f
functions of, 46t

Vasovagal reaction, 171

VEGF. See Vascular endothelial growth factor.

Vein(s) ) .
antecubital, 160, 161f site cleaning, 163, 163f
basilic 162Y ’ tourniquet for, 159, 159f, 164, 164f, 167
bevel of needle obstructed by, 168, 169f vgms gsed in. See Velr?(s).
cephalic, 161f, 161-162 Vertical ridge augmentation, 113, 113f-115f
coIIapseéﬂ 165’3—169 169¢ Vestibular incision subperiosteal tunnel access, 71, 72f, 101-102, 102f

Veterinary medicine, 30-31, 31f

detection devices for, 162, 162f
VISTA. See Vestibular incision subperiosteal tunnel access.

“H-shaped,” 160, 161f

median cubital, 160-161, 161f von Ebner resting lines, 93f
“M-shaped,” 160, 161f
palpation of, 162 W'
stabilization of, 165, 165f White blood cells, 58
Vein Entry Indicator Device, 162 Winged blood collection set, 155f-156f, 155-156
Venipuncture Wounq
back of hand, 166, 167f dehiscence of, 22, 66
bandages for, 159 infections of, 22
blood collection site of, platelet-rich plasma application at, 21
evacuated tube system for, 154f, 154-155, 157-158, 158f, 169 Wound healing
rack used in, 158, 158f cascade of, 3f, 22f
tray for, 160, 160f chronic, 34f, 34-35, 35b
tubes used in, 157-158, 166-167, 157f-158f cycle of, 5f, 131f
winged set for, 155f-156f, 155-156 diabetic foot ulcers, 34f, 34-35, 35b
complications of PRP for, 1-2, 10, 21, 34f, 34-35, 35b, 48, 104
anxious patients, 171 skin, 35
arterial puncture, 170 transforming growth factor 3 in, 6
bad evacuated tube, 169
blood flow, 168 X
collapsed vein, 168-169, 169f XoGlo, 54f
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