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Foreword

The number of cosmetic and aesthetic procedures increases year after year. According to sta-
tistics compiled by the American Society of Plastic Surgeons, 17.7 million cosmetic proce-
dures were performed in the United States in 2018. Of these 1.8 million were surgical, while
15.9 million involved the use of minimally invasive procedures (e.g., botulinum toxin injec-
tions, fillers and dermabrasion). Not surprisingly, many of these procedures are performed on
the head and neck, with rhinoplasty and blepharoplasty together accounting for more than
400,000 cosmetic procedures. Given the rising number of procedures, the authors of this book
have created a detailed resource for practitioners. While the book focuses on the anatomy of
the head and neck, it is tailored to the surgical and minimally invasive procedures currently in
use. The book is organized into three sections; local anesthesia, regional anatomy and surgical
anatomy. The authors bring decades of clinical practice and teaching together in creating this
textbook. It is an excellent resource for all practitioners and especially trainees.

Bruce M. Koeppen, MD, PhD
Founding Dean, Frank H. Netter MD School of Medicine,
Quinnipiac University, Hamden, CT, USA
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Overview of Local Anesthesia

Kyle J. Kramer, Cara J. Riley, and Jason W. Brady

Introduction

Local anesthesia is commonly defined as a loss of sensation
in a limited or regional area of the body following the injec-
tion or application of a drug which prevents the generation or
conduction of an impulse along a peripheral nerve [1, 2]. As
opposed to general anesthesia, local anesthesia does not
impact the entire body and does not require loss of conscious-
ness. While local anesthesia can be induced in several ways,
only those agents that act temporarily (i.e., not permanent)
have value clinically. Local anesthetic agents used today
impair peripheral nerve conduction which results in an effer-
ent sensory blockade and the absence of pain sensation. These
local anesthetics specifically function by binding to receptors
within the sodium ion channels located in the neuronal mem-
brane and blocking the influx of sodium ions, thereby impair-
ing nerve conductance and preventing further signals from
reaching the brain [3]. Utilization of a local anesthetic agent
effectively anesthetizes the areas approximating or distal to
the site of injection or application permitting invasive surgical
procedures to be completed while the patient remains con-
scious and free of noxious painful sensations.

History of Local Anesthetics
The use of modern local anesthetics dates back to 1856 when

cocaine was first extracted from the coca leaf. In 1884, Carl
Kohler demonstrated the ability of cocaine to anesthetize the

K. J. Kramer (0<)

Indiana University School of Dentistry, Department of Oral
Surgery and Hospital Dentistry, Indianapolis, IN, USA
e-mail: kjkramer @iu.edu

C.J. Riley
Children’s Hospital Colorado, Department of Anesthesiology,
Aurora, CO, USA

J. W. Brady
NYU Langone, Dental Medicine, Gilbert, AZ, USA

© Springer Nature Switzerland AG 2021

corneal surface of the eye. The field of local anesthesia rap-
idly expanded following the invention and widespread avail-
ability of the hypodermic syringe in the early 1900s, allowing
for subcutaneous injection of the local anesthetic agents.
Drs. Halsted and Hall are regarded as pioneers for local anes-
thesia in dentistry upon reporting the use of injected cocaine
for inferior alveolar and lingual nerve blocks in 1884 [4].
The toxicity and addictive properties of cocaine soon led to
the development of other local anesthetics including pro-
caine (Novocain®), a synthetic ester local anesthetic, which
was the standard agent soon after its arrival in 1904 until the
introduction of lidocaine in 1948 [5]. Since that time, multi-
ple other local anesthetics have been developed with favor-
able clinical effects (i.e., faster onset, longer duration of
action) such as articaine, bupivacaine, mepivacaine, and
prilocaine.

Rationale for Local Anesthetic Use

Effective intraoperative and postoperative pain control using
local anesthetics is an essential component in numerous
fields of medicine and dentistry. Indications for the use of a
local anesthetic are expansive, but primarily revolve around
the ablation of pain permitting the completion of invasive
procedures that cause noxious stimulation. Local anesthetics
are administered topically, as a spray, gel, or cream, or as an
injected solution, with additional doses given as needed to
ensure adequate numbness. Local anesthesia is most com-
monly utilized in minor surgical procedures that do not
require concurrent muscle relaxation or for the patient to be
unconscious. Additionally, local anesthesia is quite often a
main foundational component of any sedative anesthetic
plan, serving to further reduce patient stress and anxiety and
promote cardiopulmonary stability. Inadequate pain man-
agement can trigger a multitude of undesirable effects. The
stress associated with pain causes an increase in cardiovas-
cular tone, most notably evident as hypertension and tachy-

E. M. Ferneini et al. (eds.), Applied Head and Neck Anatomy for the Facial Cosmetic Surgeon,
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cardia. In medically compromised patients, these effects may
ultimately lead to more serious complications including
cerebrovascular accident and myocardial infarction. Even in
medical and dental procedures performed under general
anesthesia, many providers choose to supplement with local
anesthesia. Commonly cited benefits supporting the concur-
rent use of local anesthesia during general anesthesia include
increased stabilization of vital signs, reduced anesthetic
requirements leading to lower quantities of anesthetic agents,
and decreased postoperative pain [6].

Side Effects and Complications

Side effects and complications associated with the use of local
anesthesia are rare and usually minor. Common side effects
include temporary headaches, altered sensation (i.e., “pins and
needles”) and weakness, and modest tachycardia. The latter is
generally attributable to either patient anxiety or a direct effect
of the vasoconstrictor that is included with many local anes-
thetic formulations. Local anesthetic agents can cause systemic
toxicity if administered inappropriately in excessive quantities,
with adverse effects potentially impacting all excitable tissues
such as the cardiovascular and central nervous systems. Signs
of systemic toxicity are dose-dependent and typically follow a
cascade of clinical signs and symptoms as blood plasma levels
increase. Commonly patients experiencing a local anesthetic
overdose will report perioral numbness, primarily due to the
extensive blood supply of the head and neck. This is followed
by CNS excitation and depression, as manifested by dizziness,
disorientation, tinnitus, altered mental status, convulsions, and
unconsciousness, cardiovascular collapse, and death. Local
anesthetic agents act within the cardiovascular system to cause
hypotension, bradycardia, and conduction defects. While rare,
injection of a local anesthetic can cause a direct mechanical or
chemical injury to the nerve which can result in prolonged or
permanent anesthesia, paresthesia, or dysesthesia. The primary
goal in administering local anesthesia is to achieve a balance of
effectively blocking pain sensations without causing untoward
effects in the patient. As such, it is essential to follow dosing
recommendations or guidelines while also taking into account
specific factors related to the individual patient’s medical his-
tory and the intended surgical procedure.

Local Anesthetics: Pharmacology
Mechanism of Action

As discussed above, local anesthetics act on neurons within
the somatosensory pathways to inhibit the generation and
conduction of nerve impulses. The patient perceives the sen-
sation of pain once the neuronal impulses generated follow-

ing stimulation of peripheral nociceptors are transmitted
along the length of primary afferent neurons, synapsing in
the spinal cord and higher processing centers in the brain via
secondary and tertiary afferent neurons respectively. Local
anesthetics temporarily block normal neuronal conduction
thereby preventing the noxious painful signal from ever
reaching the brain. So even though tissue damage has
occurred, the patient never experiences the sensation of pain.

On a molecular level, local anesthetics reversibly bind to
specific receptor sites located within the sodium ion channels
found within neuronal membranes. These sodium channels
are usually in the closed resting state, and in this configura-
tion, sodium is not able to flow down its concentration gradi-
ent and enter the interior of the nerve cell which has a =70 mV
charge. However, when an adequate stimulus excites the neu-
ron, the sodium ion channels open, allowing sodium ions to
diffuse inward causing the internal charge of the neuron to
become more positive. If the change in charge reaches the
firing threshold of —55 mV, the remaining sodium ion chan-
nels open. The resulting change in charge stemming from the
massive influx of positively charged sodium ions initiates fur-
ther neuronal depolarization and generation of an action
potential that propagates down the length of the nerve. The
repolarization phase begins immediately after the end of this
depolarization phase. The sodium ion channels enter an inac-
tivated state, again disallowing the passive influx of sodium.
At the same time, potassium ion channels open allowing posi-
tively charged potassium ions to flow down their concentra-
tion gradients. Concurrently active transporters (Na*/K*
pumps) begin moving sodium and potassium ions respec-
tively against their natural concentration gradients. This repo-
larization process concludes with the interior charge of the
neuron returning to its resting state and an internal charge of
—70 mV. When bound to their receptor sites within the
sodium ion channels, local anesthetics effectively prevent the
influx of sodium ions, even when there is an appropriately
sized stimulus to initiate depolarization [7]. This causes a
progressive decrease in the rate and level of depolarization,
and therefore, a slowing of nerve conduction [8]. Local anes-
thetics have greater affinity for sodium channels in their acti-
vated and inactivated states than in their resting state. In other
words, local anesthetics bind during action potentials and dis-
sociate during membrane repolarization. An increased fre-
quency of neuron stimulation and more positive (depolarized)
membrane potential leads to a higher degree of blockade by
local anesthetics [7, 9]. This phenomenon is known as use-
dependent or frequency-dependent conduction block [8].
Practically speaking, this means rapidly firing neurons are
more susceptible to local anesthetic blockade.

The diameter of the nerve fiber also affects susceptibility.
Sensitivity to local anesthetic blockade increases with
decreasing fiber size, most likely because smaller fibers nat-
urally have fewer sodium channels to block [7]. For myelin-
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ated nerves in which action potentials move in a saltatory
manner, skipping from one node of Ranvier to the next,
smaller fibers again are more susceptible because their nodes
are in closer proximity to each other [8]. The critical number
of ion channels and corresponding nodes to block is there-
fore easier to reach with a given volume of local anesthetic
[9]. It appears that three consecutive nodes (~10—15 mm of
the neuron) must be blocked for impulse transmission to be
inhibited [8]. Local anesthetics can block impulse propaga-
tion along any type of nerve fiber, including motor, auto-
nomic, and sensory. These various types of nerves tend to be
different sizes and therefore exhibit differential sensitivity to
local anesthetic activity. In keeping with this idea, small
autonomic nerve fibers are most sensitive to local anesthetic
action; followed by unmyelinated C fibers (pain) and small
myelinated A-delta fibers (pain and temperature); and finally
the larger myelinated A-gamma, A-beta, and A-alpha fibers
(postural, touch, pressure, and motor information) [9]. As
such, when patients recover from local anesthesia, they first
regain motor function, then sensation, and finally local auto-
nomic control. Within the sensory realm, since sensory
nerves themselves vary greatly in terms of diameter and rate
of activation, patients may experience discomfort from pres-
sure even while pain is thoroughly inhibited [7, 9]. The more
susceptible a fiber is to local anesthetic activity, the more
quickly it is blocked and the more slowly it recovers.

Molecular Structure

Local anesthetics contain three main structural components:
(1) lipophilic aromatic ring, (2) intermediate ester or amide
linkage, and (3) hydrophilic terminal amine. The differences
in these parts determine the particular characteristics of each
local anesthetic agent. The intermediate linkage determines
the drug class (ester vs. amide) and the manner by which the
agent is metabolized. It is important that local anesthetics
intended for parenteral use possess both lipophilic and
hydrophilic components. Water solubility allows the medica-
tion to be in aqueous solution and to avoid precipitation upon
injection into tissues; lipid solubility allows the drug to move
through anatomic structures (i.e., cell membrane) to the site
of action [8]. Benzocaine is of particular note as it is unique
among local anesthetics in lacking a terminal amine compo-
nent. It does not possess the ability to alternate between lipo-
philicity and hydrophilicity as described above and is
therefore relegated to topical use only.

Potency

The potency of a local anesthetic agent is primarily deter-
mined by lipid solubility (hydrophobicity), which in turn is

determined by the aromatic ring and its substitutions as well
as those upon the tertiary amine. A more lipid-soluble mol-
ecule is better able to diffuse through nerve sheaths and neu-
ral membranes and is therefore more potent. A more potent
local anesthetic is able to be formulated in a lower concentra-
tion (bupivacaine 0.5% and ropivacaine 0.2% versus lido-
caine 2%, for example) [7]. Articaine possesses a similar but
lower lipid solubility relative to lidocaine. The two are com-
parably efficacious, but as articaine has a wider therapeutic
range, it can be formulated in a higher concentration (4%)
than other amide local anesthetics [10].

Onset

Onset time is determined largely by the state of the terminal
amine component of local anesthetic molecule. The amine
can exist in a tertiary uncharged base form (B) that is lipid-
soluble or in a quaternary charged conjugate acid form (BH")
that is water-soluble. The uncharged free base form (B)
allows local anesthetics to penetrate nerve membranes, while
the charged conjugate acid form (BH*) engages the receptors
in the sodium ion channel and blocks the influx of sodium
ions; both forms are essential to the function of local anes-
thetics. By way of this substituted amino group, most local
anesthetics naturally exist as weak bases. In this state, local
anesthetics are ineffectual as they degrade too quickly and
are poorly soluble in water to be of clinical use as an inject-
able agent. To mitigate this and promote stability in aqueous
media, the local anesthetic base is combined with hydrochlo-
ric acid to forma hydrochloride salt which can then be dis-
solved freely in a slightly acidic aqueous solution. Due to the
acidity and decreased pH of the solution, most of the local
anesthetic molecules exist in the water-soluble conjugate
acid form (BH*) while a much smaller percentage exist in the
lipid-soluble free base state (B). Only those molecules in
free base state (B) are capable of penetrating the lipid-rich
neuronal membrane to be available for conversion back into
the conjugate acid form (BH*) and subsequently engage the
receptor binding site. The time to onset, then, is related to
how many molecules convert from the quaternary (BH*) to
the tertiary (B) structure upon injection into the tissue.
Conversion between the quaternary and tertiary forms (i.e.,
conjugate acid “BH* vs. free base “B”) is determined by the
ionization or dissociation constant (pKa) for the specific
local anesthetic agent, as well as the pH of the injection site.
The higher the pKa, the fewer molecules exist in the lipid-
soluble (B) form and the longer the onset time. The inject-
able local anesthetics available have pKas ranging from 7.5
to 9.0, which is higher than the normal physiologic pH (7.4)
of the bodily tissues. Upon injection into those tissues, fewer
than 50% of the local anesthetic molecules exist in the ter-
tiary uncharged free base (B) form. It should be mentioned
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again that the water-soluble formation of local anesthetic
(BH") is that which exerts effects on the sodium channel:
once the local anesthetic has penetrated the neuron, it is re-
ionized to the quaternary state, enters the sodium channel,
and blocks nerve conduction [7].

Importantly, tissue inflammation lowers the pH of the
local environment below 7.4, favoring the conversion into
the water-soluble state (BH*). This may account for the dif-
ficulty encountered when anesthetizing inflamed or infected
tissues. In such cases, choosing an anesthetic with a lower
pKa is advisable (mepivacaine with pKa 7.6, for example)
[7]. Tissue inflammation is also associated with increased
blood flow locally and decreased responsiveness to vasopres-
sors, both of which can cause an increase in systemic absorp-
tion of local anesthetics.

One method by which onset time is decreased is by buff-
ering the local anesthetic solution. As mentioned before, the
tertiary form of local anesthetic (B) permits crossing of the
neuronal membrane and increasing the proportion of drug in
the tertiary state speeds onset. To increase this proportion,
the pH of the local anesthetic solution (which is mildly
acidic, especially when a vasopressor is also added) can be
increased to physiological pH prior to administration, often
by the addition of sodium bicarbonate. This also has the
effect of rendering the injection more comfortable as a more
acidic solution will tend to be more painful and cause a burn-
ing sensation for the patient. To be truly effective, buffering
should render the pH of the local anesthetic solution equal to
the pH of the tissues (7.4). The pH of the buffer must be
exact and the solution stable to reliably target 7.4 otherwise
it may accidentally precipitate. There are mixed opinions as
to whether buffering offers any practical advantage with
regards to onset and comfort, but the theory behind the prac-
tice is sound [11].

There is a misconception that greater lipid solubility leads
to a faster onset time. While this may be true in vitro as more
lipid-soluble molecules diffuse through membranes more
easily, in vivo the opposite has been shown to be true. In a

Table 1.1 Onset and duration of commonly used local anesthetics

patient, there are aggravating factors effecting onset, such as
the amount of vasodilation produced by the local anesthetic,
the opportunity for a highly lipid-soluble molecule to be
sequestered by fatty tissues rather than the targeted neuronal
tissues, and the difficulty of a lipid-soluble molecule to travel
through tissue fluids. Therefore, the greater the lipid solubil-
ity, generally the slower the onset. Using a higher concentra-
tion anesthetic can help mitigate this effect [7] (See Table 1.1).

Duration of Action

The duration of action is determined by the protein affinity or
strength of protein binding of the local anesthetic. Sodium
channels contain proteins, and as the degree of a local anes-
thetic’s protein binding increases, so too does the length of
time that local anesthetic occupies the receptor within the
sodium ion channel and sustains ion blockade. The percent-
age of plasma protein binding that an anesthetic demon-
strates can be used as a surrogate to determine this affinity.
For example, bupivicaine and mepivacaine demonstrate 95%
and 55% plasma protein binding respectively, and bupiva-
caine is a longer-acting local anesthetic [7]. Sequestration of
a local anesthetic within the sodium ion channel furthermore
serves to decrease the rate of drug metabolism by plasma
esterases and/or hepatic enzymes [9].

The degree of vasodilation locally produced by a particu-
lar anesthetic is another factor that contributes to the dura-
tion of action of a local anesthetic. Vasodilation increases
blood flow to the targeted area and effectively allowing the
local anesthetic to be “washed” away from the neuron,
decreasing the drug concentration and duration of action.
Vasopressors (e.g., epinephrine, levonordefrin) are often
added to local anesthetics to mitigate this vasodilatory activ-
ity, delay systemic absorption, and prolong activity. All local
anesthetics produce some degree of vasodilation with the
major exception of cocaine. Concerning the commonly used
anesthetics, the amount of dilation produced is greatest for

Approximate duration (min)

Onset Elimination half-life Infiltration: Infiltration: Block: Block:
Agent (min) (h) soft-tissue pulpal soft-tissue pulpal
Mepivacaine/ 1.5-2 1.9 40-130 40-50 180-300 60-90
Levonordefrin
Mepivacaine Plain 20-90 20-25 120-180 40-60
Lidocaine/Epinephrine 2-3 1.6 60-170 50-60 180-300 60-90
Prilocaine/Epinephrine 2-4 1.6 40-140 30-40 180480 50-90
Prilocaine Plain 90-120 10-20 120-240 40-60
Articaine/Epinephrine 1-2 0.4 60-170 45-60 120-300 60-90
Ropivacaine Plain 2-4 1.9 120-340 N/A N/A N/A
Bupivacaine/Epinephrine | 5-8 3.5 120-340 40-90 240-720 90-360
Benzocaine 0.5-1 Duration after topical application: 5-20 min
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lidocaine, followed by bupivacaine, and finally mepivacaine.
In a formulation without a vasopressor, lidocaine can be uti-
lized only for brief procedures via infiltration; success for
longer procedures and efficacy for nerve blocks is poor [7].
Indeed, the mechanism of the local anesthetic reversal agent,
phentolamine (OraVerse™), is to increase vasodilation of
submucosal tissues. When injected into the same site where
the local anesthetic was initially administered, this alpha-1
blocker causes subsequent dilation of vasculature, which
increases absorption of the local anesthetic into the blood-
stream and shortens the duration of action by approximately
50% (See Table 1.2).

Metabolism and Elimination

Local anesthetics are classified as either amides (--NCHO--)
or esters (--COO--) based on the intermediate linkage
between the aromatic ring and terminal amine. These link-
ages impart differences in allergenicity and also determine
how the local is metabolized. Amides undergo biotransfor-
mation via enzymatic degradation in the liver and renal elim-
ination via the urine. Esters, on the other hand, are hydrolyzed
by plasma esterases, primarily via the enzyme pseudocholin-
esterase, as well as to some extent in the tissues. They may
then undergo further metabolism in the liver prior to elimina-
tion via the urine [8]. Articaine is a unique local anesthetic in
that it contains both an amide intermediate linkage and an
ester side chain on its aromatic ring. Hydrolysis of the ester
side chain occurs in the blood via plasma esterases rendering
the articaine molecule ineffective, so while articaine is con-
sidered an amide, it is metabolized like an ester. The result is
that articaine has a shortened elimination half-life (20—
40 min) compared to other amides, such as lidocaine
(90 min), that undergo hepatic metabolism [7]. Elimination
half-life can vary significantly between individuals, so while
articaine may be chosen for its shorter duration, caution is
advised before considering the administration of additional
doses. Indeed, individuality in the effectiveness of biotrans-
formation is of great practical relevance. Patients with genet-
ically based deficiencies in pseudocholinesterase activity are
unusually sensitive to ester local anesthetics, whereas those
with severe hepatic dysfunction are more sensitive to both
esters and amides, since pseudocholinesterase itself is pro-

Table 1.2 Properties of local anesthetics

duced by the liver and the amide anesthetics are primarily
hepatically metabolized. It should be noted that hepatic func-
tion does not affect the duration of action of anesthetics,
which is dictated primarily by redistribution away from the
site of injection rather than drug metabolism; the concern is
with the total dose of anesthetic, which should be limited in
those with severe liver disease [12].

The metabolism of local anesthetics is clinically impor-
tant as toxicity depends largely on the balance between their
absorption into, elimination from, and resulting total concen-
tration in the systemic circulation. Some local anesthetics
produce pharmacologically active metabolites; the de-
ethylated metabolites of lidocaine are an example [8]. Other
metabolites can cause adverse effects, the most problematic
originate from the esters. Procaine, an ester local anesthetic
used historically in dentistry, produces para-amino benzoic
acid (PABA) upon metabolism, which notably causes a high
incidence of allergic reactions in sensitive individuals. The
plasma concentration of local anesthetic is also influenced
by plasma protein binding. Amide local anesthetics are
between 55% and 95% bound to plasma proteins, namely
alpha-1 glycoprotein [9]. Factors that alter the amount of this
protein will secondarily alter the level of free unbound local
anesthetic molecules available to neurons, the liver, and
other tissues. Oral contraceptives, for example, decrease
alpha-1 glycoprotein concentration, thereby increasing
unbound fraction of amide local anesthetics in the blood [9].
Redistribution to peripheral tissues is an additional factor in
decreasing the concentration of local anesthetics in the
blood, especially for the amides and longer-acting esters [8].

While the desired effect of local anesthetics is to block
neuronal conduction in the peripheral nervous system, they
can interfere with any tissues in which such transmission
occurs. Local anesthetics can, therefore, act within the cen-
tral nervous system, the autonomic ganglia, the neuromuscu-
lar junction, and in muscle, including the myocardium. Local
anesthetic action at these undesired locations is proportional
to the concentration of the drug found in the systemic circu-
lation. In local anesthetics with chiral centers, the
S-enantiomer is less toxic than the R-enantiomer [9]. For
example, bupivacaine and ropivacaine are structurally
related. Bupivacaine is a racemic mixture of its two stereo-
isomers whereas ropivacaine is a pure S-enantiomer pur-
posefully developed for reducing systemic toxicity [13].

Agent pK, (36 °C) Relative lipid solubility Protein binding (%) Relative vasodilating activity
Mepivacaine 7.6 ++ 75 +H++

Lidocaine 7.7 ++ 65 ++

Prilocaine 7.7 ++ 55 +

Articaine 7.8 ++ 95 ++

Ropivacaine 8.1 +++ 94 -

Bupivacaine 8.1 4+ 95 +H/+++




K. J. Kramer et al.

Topical Anesthesia

Local anesthesia of mucous membranes, such as those pres-
ent in the nose, mouth, throat, and trachea, can be accom-
plished using topical applications of lidocaine (2-10%),
tetracaine (2%), cocaine (1-4%), benzocaine (5-20%), or
combinations thereof. Formulations vary, consisting of gels,
ointments, solutions, sprays, lozenges, and others [9]. Topical
anesthetics work in the same manner as injectable local anes-
thetics, by reversibly binding to receptors within sodium ion
channels, blocking the influx of sodium ions in neurons.
Benzocaine, used only in topical preparations, is perhaps the
most commonly found ester local anesthetic. It is thought that
benzocaine perturbs the structure of the cell membrane, per-
haps by expansion or other deformation, leading to a change
in the structural conformation of the sodium ion channel and
a decrease in sodium ion permeability. Benzocaine is rather
unique due to its lack of a tertiary amine as well as its low
pKa of 2.51 at 25 °C. As such, it exists as an uncharged free
base form (B) at physiologic pH of 7.4 and does not directly
engage the receptor within the sodium ion channel as other
local anesthetics do [14, 15]. Benzocaine is poorly soluble in
aqueous fluid which allows it to remain mainly at the site of
application and prevents its use as an injectable anesthetic
and its ready absorption into the systemic circulation [8].
Benzocaine is quite effective in decreasing discomfort from
injections, sore throats, minor traumas, dental defects, trans-
esophageal echocardiography, and awake intubation proce-
dures. The pKa of benzocaine is comparatively low and it has
arapid onset [16]. While benzocaine offers a low risk of sys-
temic toxicity, it can cause methemoglobinemia, and dosing
guidelines should be respected.

Cocaine is another ester that has decreased in popularity
over time due to its potential for toxicity and abuse. In cur-
rent practice, it is primarily used for certain otolaryngologic
procedures where its unique ability to produce vasoconstric-
tion aids in decreasing surgical bleeding. Tetracaine is an
ester local anesthetic that is long-acting. It has a relatively
slow onset and increased potential for toxicity and is there-
fore mostly relegated for use as a topical anesthetic. While
cocaine provides inherent vasoconstrictive activity, the addi-
tion of a vasoconstrictor such as phenylephrine (0.005%) can
achieve a similar effect when used in combination with other
topical local anesthetics. Epinephrine is ineffective when
applied topically due to its poor penetrance. Cocaine and
lidocaine are similar in time to peak effect (3—5 min) and
duration of action (30—45 min) when applied topically,
whereas tetracaine has a slightly prolonged onset and dura-
tion of action [9]. Benzocaine, on the other hand, has a rapid
onset (<1 min) and an effective duration of action approxi-
mating 5-15 min [17]. These local anesthetics work only
superficially when used in this manner. Local anesthetic
applied to mucous membranes (or denuded skin) is absorbed

rapidly into the systemic circulation increasing the risk of
toxicity. Absorption from the tracheobronchial tree causes
subsequent concentrations of local anesthetic in the blood
nearly equal to those found after intravenous injection [9].

For topical anesthesia of deeper structures up to a depth of
5 mm, eutectic mixtures are often employed. Eutectic formu-
lations are combinations of local anesthetics with a melting
point lower than that of either anesthetic alone. This allows
the topical to exist as an oil at room temperature that can pen-
etrate intact skin. These mixtures are applied to the skin and
often left covered with an occlusive dressing 30—60 min prior
to the planned procedure. Such topicals are frequently uti-
lized for vascular access, skin graft harvest, and dermatologi-
cal procedures. Systemic toxicity is a possibility and using
these mixtures on mucous membranes or broken skin should
be avoided. Examples of such mixtures include EMLA®
cream (lidocaine 2.5% and prilocaine 2.5%), Pliaglis® cream
(lidocaine 7% and tetracaine 7%), and Synera® (lidocaine
70 mg and tetracaine 70 mg in a topical patch form). The lat-
ter was created to generate heat upon exposure to air to
increase delivery of local anesthetic into the skin and speed
onset time (20-30 min) [9]. It should be mentioned that prilo-
caine, as found in EMLA cream, is an oxidizing drug and its
metabolite can produce methemoglobinemia.

Vasoconstrictors: Pharmacology
Benefits of Vasoconstrictors

With one notable exception, local anesthetics all cause some
degree of vasodilation which increases the rate of absorption
into the systemic circulation, reduces the concentration in
the tissues locally, and increases surgical bleeding. The
degree of vasodilation caused by the local anesthetics them-
selves is not consistent across all agents. Mepivacaine and
prilocaine are two agents with notably weak vasodilatory
action. As such, these two agents in particular are often uti-
lized in plain concentrations without the inclusion of any
vasoconstrictive agents. The other outlier is cocaine, which
inherently acts as a peripheral vasoconstrictor primarily
attributed to its sympathomimetic activity and reuptake inhi-
bition of norepinephrine and epinephrine. These three exam-
ples aside, the net result of the local anesthetic vasodilatory
effects is a shorter duration and decreased depth of local
anesthetic activity, both of which likely oppose any clini-
cian’s goals when considering the use of local anesthesia.
Vasoconstrictive agents are used concurrently with local
anesthetic to directly combat the aforementioned effects.
Constriction of the blood vessels located in the immediate
vicinity of the local anesthetic and vasoconstrictor adminis-
tration site acts essentially as a chemical tourniquet. The
resulting vasoconstriction causes a decrease in blood flow
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locally, leading to a reduction in movement of the local anes-
thesia into the systemic circulation. This effectively main-
tains a higher concentration of local anesthetic in the tissues
locally, prolongs duration of anesthetic activity, increases the
depth of anesthetic blockade, and reduces surgical bleeding.
The benefits of administering local anesthetic agents along
with a vasoconstrictor greatly outweigh the risks; there exist
relatively few situations where strict avoidance of a vasocon-
strictor is warranted.

The vasoconstrictive effects discussed above are pro-
duced via increased activity of the sympathetic nervous sys-
tem by substances that mimic the actions of the body’s
endogenous catecholamine neurotransmitters, such as epi-
nephrine, norepinephrine, and dopamine. The term
“sympathomimetic” is universally used to describe such
activity. Sympathomimetic drugs can be categorized in sev-
eral ways, including by their molecular structure (catechol-
amine versus noncatecholamine), mode of action
(direct-acting, indirect-acting, or mixed-acting), or method
of synthesis (naturally occurring or synthetic). While vaso-
constriction may be a common effect produced by many
sympathomimetic agents, not all are capable of producing
clinically relevant vasoconstriction and some may not be
acceptable alternatives due to a high risk of side effects.

Risks of Vasoconstrictors

The main drawback to using vasoconstrictive agents with
local anesthetics is their potential for systemic effects, which
chiefly involve augmentation of the cardiovascular system.
Tachycardia and hypertension are commonly reported
sequelae, with accompanying risks of increased myocardial
oxygen consumption and decreased oxygen delivery leading
to hypoxia. While the vast majority of patients are able to
tolerate minor or modest increases in sympathetic activity
without issue, higher-risk patients may be significantly
impacted, such as elderly, infirmed patients, or those with car-
diovascular comorbidities. The use of vasoconstrictors is con-
sidered safe for virtually all patients, although the use of a
reduced dose may be warranted depending on the individual
patient. In such patients, a reduction or withholding of the
vasoconstrictor may be warranted. An additional consider-
ation related to the administration of vasoconstrictors is the
impact of vasoconstriction, reduced blood flow, and potential
for hypoxia on the tissues locally. This was historically con-
sidered a major concern precluding the use of epinephrine
during local anesthetic blockade of the digits, nose, and ears;
however, numerous studies have since demonstrated that
vasoconstrictors can safely be used in terminal regions [18,
19]. Furthermore, this potential risk is rendered more remote
when considering the head and neck region due to its substan-
tial increased blood flow compared to other anatomic sites.

Vasoconstrictor Agents and Preparation

While there are multiple pharmacologic agents available that
could function as effective vasoconstrictive agents for con-
current use with local anesthetics, such as phenylephrine,
there are two main variants commercially available in North
America: epinephrine and levonordefrin. Epinephrine is by
far the most popular option and is available in a wide variety
of concentrations (Table 1.1). Levonordefrin is utilized as a
vasoconstrictor alternative to epinephrine due to its more
favorable cardiovascular profile. Because of its preferential
binding of alpha versus beta adrenoreceptors, it tends to
cause less tachycardia than epinephrine. Felypressin, a syn-
thetic analogue of vasopressin, is another potent vasocon-
strictor utilized in many countries; however, it is not currently
available in the United States.

The addition of vasoconstrictor to the injectable local
anesthetic necessitates acidification of the solution since an
antioxidant is required to ensure long-term stability of the
vasoconstrictive agent. Plain local anesthetic agents do not
require the addition of an antioxidant and are not acidified to
the same degree. The resulting decrease in pH of the solution
containing the vasoconstrictor leads to several less than
desirable effects, including slowed local anesthetic onset
time and increased patient discomfort. Notably, injection of
acidified vasoconstrictor-containing local anesthetics gener-
ally causes a burning sensation due to the lower pH; this
effect is significantly reduced with the use of plain local
anesthetics. For comparison, the pH of lidocaine with epi-
nephrine approximates 4.5 while that of plain lidocaine
approximates 6.0. An additional issue with such stabilizing
additives is the potential for allergic reactions. The most
common antioxidant utilized in dental cartridges is sodium
metabisulfite, which may be problematic for patients with a
history of sulfite allergies. Methylparaben, a preservative
that provides antioxidant, bacteriostatic, and fungistatic
properties, is another substance with allergic potential. It
should be noted that methylparaben is commonly used in
multidose vials, not in dental cartridges. Strict avoidance of
vasoconstrictors is warranted for patients with the requisite
allergy history, such as signs or symptoms suggestive of an
anaphylactic reaction following administration of a local
anesthetic with vasoconstrictor. Use of plain local anesthet-
ics (i.e., no vasoconstrictors) and avoiding multidose vials
(no methylparaben) are recommended for patients who
report such allergies.

Vasoconstrictor Concentrations
Unlike local anesthetics which use percentage (%) to

describe the concentration of a particular solution, vasocon-
strictors have historically reported concentration as a ratio
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(i.e., 1:100,000 or 1:200,000). This ratio describes the num-
ber of grams of a drug contained within a particular number
of milliliters or volume of solution. For example, a 1:100,000
concentration of epinephrine contains 1 g of epinephrine dis-
solved into 100,000 mL of solution. This can be fractionally
written as 1 g/100,000 mL, equating to 1000 mg/100,000 mL
or 1,000,000 mcg/100,000 mL respectively, and further sim-
plified as 0.01 mg/mL or 10 mcg/mL (see Table 1.3). After
determining the vasoconstrictor concentration, any subse-
quent dosing calculations would only involve multiplication
of the concentration (i.e., mg/mL or mcg/mL) and the volume
(total # of mL) of solution administered. Recently, a shift in
vasoconstrictor labeling has occurred due to concerns regard-
ing drug errors and dosage miscalculations. Drug manufac-
turers have begun including dosage values (mg/mL) on drug
labels for simplification purposes, although it must be noted
that this practice has not yet been extended to include dental
cartridges.

Pharmacodynamics

Epinephrine

Epinephrine is a catecholamine neurotransmitter primarily
produced endogenously from the methylation of norepi-
nephrine within the chromaffin cells of the adrenal medulla
[20]. While exogenous epinephrine was initially obtained
by purifying the extract of ground sheep or bovine adrenal
glands, today it is generally obtained via synthetic means.
As a direct-acting nonselective adrenergic agonist, epi-
nephrine engages and stimulates (o, &, p;, and ;) recep-
tors. The most common clinical effect observed following
routine intraoral administration of local anesthetics con-
taining epinephrine is a modest, transient increase in heart
rate (B;). This has been coined the “epinephrine reaction”
which many patients mistake for an allergic-type reaction.
Inadvertent intravascular administration of epinephrine
causes a more substantial tachycardic effect in addition to a
modest blood pressure elevation (a;), and potentially bron-
chodilation (f,) as well. Interestingly, epinephrine demon-
strates dose-dependent preferential adrenergic receptor
binding as doses move from high to low: o; > ; > f,. This

Table 1.3 Epinephrine concentrations

Concentration (g:mL) mg/mL mcg/mL
1:1000* 1 1000
1:10,000° 0.1 100
1:50,000 0.02 20
1:80,000 0.0125 12.5
1:100,000 0.01 10
1:200,000 0.005 5

“Indicated for IM use
Indicated for IV use

selectivity is utilized during ACLS cardiac resuscitation
with extremely high concentrations of epinephrine (1 gram
via 10 mL of a 1:10,000 or 0.1 mg/mL solution) being
administered intravenously to provide systemic vasocon-
striction (a;) to improve perfusion pressure to the brain and
heart during chest compressions. The normal vasoconstric-
tive purposes for including epinephrine with a local anes-
thetic are directly attributed to these «; actions on blood
vessels. The vessels within mucous membranes, such as
those found intraorally, primarily have a; receptors and
lack the additional (3, receptors found within the blood ves-
sels supplying skeletal muscle. Isolated alpha stimulation
leads to effective vasoconstrictive action following epi-
nephrine administration. In contrast, blood vessels with
both o, and B, receptors (such as in skeletal muscle) respond
to epinephrine by vasoconstriction initially, shifting toward
vasodilation as the epinephrine concentration falls and the
{3, activity predominates.

The vasoconstrictive impact of epinephrine is beneficial
for increasing hemostasis as well as prolonging local anes-
thetic activity and decreasing the potential for systemic tox-
icity. Local infiltration into the target tissues is essential to
ensure hemostatic effects. The use of more concentrated
solutions of epinephrine, such as 1:50,000 or 1:80,000, is
considered more effective for producing hemostasis than
more dilute forms, such as 1:100,000 or 1:200,000 [21]. It
follows that these higher concentrations of epinephrine have
a higher potential for negative systemic sequalae, particu-
larly if the patient is medically compromised or has a history
of cardiovascular disease. The recommended maximum dos-
ing for epinephrine is listed in Table 1.4; however, it must be
appreciated that these doses can potentially be safely
exceeded if the patient is in an environment where blood
pressure and heart rate are continuously monitored. The use
of the lowest clinically effective dose is recommended to
reduce the risk of potential complications.

Levonordefrin

Similar to epinephrine, levonordefrin is a direct-acting sym-
pathomimetic catecholamine, although it is purely a syn-
thetic agent. Levonordefrin has a higher binding preference
(75% compared to 25%) for a-adrenergic receptors than
p-adrenergic receptors leading to a more favorable cardio-
vascular profile (less tachycardia) when administered con-
currently with local anesthetics [24]. The vasoconstriction
produced is similar to that observed with epinephrine in
terms of prolonging the local anesthetic action, although the
degree of hemostasis is likely to be less significant.
Levonordefrin is roughly 15-20% as potent a sympathomi-
metic agent as epinephrine. However, this lack of potency is
mitigated by increasing the concentration of levonordefrin
(1:20,000 or 0.5 mg/mL), effectively creating equipotent
concentrations for clinical use. Unlike epinephrine, which is
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Table 1.4 Epinephrine max doses 0.04 and 0.2 per dental appointment [22, 23]

Maximum recommended dose — epinephrine

Total dose per dental appointment

Number of dental cartridges using

Epinephrine (mg) Epinephrine 1:50,000 1:100,000 1:200,000
(mcg)
Adult patient — healthy 0.2 0.04 5.5 11.1 22.2°
Adult patient — 200 40 1.1 22 44
cardiovascular risk

Limited by local anesthetic MRD

available in combination with several different local anes-
thetic agents, levonordefrin is only available with mepiva-
caine in dental cartridges.

Pharmacokinetics

Epinephrine and Levonordefrin

The clinical actions produced by epinephrine and levonorde-
frin cease as drug concentrations within the junctional cleft
fall and subsequent disengagement from the adrenergic
receptors occurs. Inactivation upon reuptake into the local
presynaptic nerve terminal accounts for the majority of this
cessation of activity for most endogenous catecholamines.
However, hepatic metabolism primarily accounts for the
inactivation of exogenous sympathomimetics [25]. Two key
enzymes involved in the breakdown of many sympathomi-
metics are catechol-O-methyltransferase (COMT) and
monoamine oxidase (MAQO), both of which are quite abun-
dant in the liver. COMT is chiefly responsible for the enzy-
matic metabolism of catecholamines, including epinephrine
and levonordefrin. Epinephrine is metabolized rather exten-
sively with approximately 80% of a parenteral dose being
excreted renally as metanephrine and vanillylmandelic acid
(VMA), and only a small fraction excreted unchanged.

An account of the metabolic pathways of epinephrine and
levonordefrin provides clarity regarding historical concerns
for interactions with certain psychoactive drugs, such as
monoamine oxidase inhibitors (MAOIs) and selective sero-
tonin reuptake inhibitors (SSRIs). These drug classes are
unlikely to potentiate the clinical activity of the aforemen-
tioned vasoconstrictors due to the selective metabolism via
COMT. However, drugs that inhibit norepinephrine reuptake
can cause prolongation and elevation of clinical effects when
epinephrine or levonordefrin is administered. While patients
treated with drugs such as serotonin-norepinephrine reuptake
inhibitors (SNRIs), selective norepinephrine reuptake inhibi-
tors (sNRIs), and tricyclic antidepressants may still be admin-
istered local anesthetics with vasoconstrictors, care should be
taken to avoid excessive dosing resulting in cardiovascular
difficulties. Similarly, central nervous system stimulants used
to manage attention-deficit and attention-deficit/hyperactivity
disorders also increase the concentration of norepinephrine in

the synaptic cleft. These drugs, such as methylphenidate
(Ritalin® and Concerta®) and amphetamines (Vyvanse®
and Adderall XR®), also carry the potential for adverse car-
diovascular stimulation. Judicious use, combined with con-
tinuous cardiovascular monitoring (blood pressure/heart
rate), is warranted to reduce the risk of complications.

Common Local Anesthetic Agents

There are many factors to consider when selecting a local
anesthetic, including invasiveness and duration of the
planned procedure, and desired potency and onset of the
anesthetic agent. The patient’s possible drug interactions and
unique pharmacokinetic concerns should also be evaluated.
The most widely used local anesthetics in dentistry are lido-
caine, articaine, bupivacaine, mepivacaine, and prilocaine,
all of which are in the amide family and will be discussed in
greater detail below.

Lidocaine

Lidocaine was the first amino amide-type local anesthetic
and is the most widely used local anesthetic. Known for its
rapid onset of action, it typically begins working within
3-5 min when used as an injectable. Topical lidocaine is
available in many formulations including creams and trans-
dermal patches. Absent a vasopressor, lidocaine produces the
greatest degree of vasodilation of the commonly used anes-
thetics, and thus is limited for use as a plain formulation (i.e.,
no vasoconstrictor) for brief procedures via infiltration [7].
Lidocaine has biphasic elimination; the pharmacologically
active metabolites have a longer half-life than lidocaine but
are less potent sodium channel blockers. The total half-life in
most patients is 90-120 min. It is one of the least irritating
local anesthetic injections in comparative studies [26].

Articaine

Articaine solutions have demonstrated some of the highest
levels of anesthetic potency with the lowest systemic toxic-



12

K. J. Kramer et al.

ity. Its potency is due to its high lipid solubility and increased
concentration of molecules available at the injection site,
factors that likely make it successful for mandibular anesthe-
sia [7]. Fast metabolization via both the liver and the blood
serum makes articaine a beneficial choice for patients with
inflammation, hepatic disorders, and renal impairment [27].
Elimination half-life times for articaine are the fastest among
amide anesthetics with an average of 20 min. It is available
in a 4% concentration, an advantage that cannot be replicated
in lidocaine due to the risk of systemic toxicity. However, at
this concentration there is an increased risk of permanent
paresthesia when administered via nerve blocks [28].
Articaine has shown to be equally safe and effective as lido-
caine in simple and complex dental procedures [29].

Bupivacaine

Bupivacaine is a potent long-acting local anesthetic. It has the
highest percent of plasma protein binding and is the longest-
acting local anesthetic available in dental cartridges. It is also
the most common agent used in epidural anesthesia during
labor, cited for its exceptional sensory anesthesia with minimal
impairment of motor function [30]. In dentistry, bupivacaine is
a common choice for longer and more invasive procedures
such as third molar extractions, soft tissue grafts, and endodon-
tic procedures where postoperative pain is expected.
Bupivacaine’s prolonged duration of action has been shown to
limit postoperative pain. The serum half-life averages 300 min
[7]. Because of its high lipid solubility, bupivacaine is prepared
as a 0.5% concentration rather than the more common 2% con-
centration. The pKa of bupavicaine (8.1) is the highest of the
common local anesthetic agents, giving it a very slow onset and
often rendering it less effective in inflamed or infected tissues
that favor agents with a lower pKa. Bupivacaine’s delayed
onset and lower pH, which approximates 5.65 and may cause
increased discomfort during injection, as compared to several
other plain local anesthetics has prompted many clinicians to
administer bupivacaine after initially anesthetizing the patient
with a faster-acting agent [31, 32]. Additionally, in stark con-
trast to other agents, bupivacaine toxicity tends to involve car-
diac complications (i.e., bradycardia, ectopic rhythms) prior to
CNS manifestations.

Mepivacaine

Mepivacaine’s onset is reasonably rapid, but it has a shorter
duration of action than some of the more widely used local
anesthetics with a vasoconstrictor, especially when it is
administered without a vasoconstrictor. Mepivacaine dem-
onstrates the lowest tendency to bind with plasma proteins,
correlating to its relatively short duration of action.

Additionally, mepivacaine has reduced vasodilator activity
and as such is commonly used as a plain solution. The lack
of added epinephrine or levonordefrin makes it a beneficial
choice for patients with significant cardiovascular disease,
particularly ischemic heart disease, and in patients that may
have harmful drug interactions with nonselective beta block-
ers and tricyclic antidepressants [8]. The combination of
mepivacaine and bupivacaine is quite popular for regional
anesthesia techniques due to mepivacaine’s rapid onset and
bupivacaine’s prolonged duration of action. Mepivacaine is
commonly utilized in patients who have reported allergic
reactions following local anesthetic use as many of the
reported reactions may have been caused by the vasocon-
strictors. Mepivacaine is also often the preferred choice for
local anesthesia in inflamed or infected tissues as it has the
lowest pKa (7.6) of all the common local anesthetics, with
the acidic environment present in tissues with inflammation
favoring low pKa agents.

Prilocaine

Prilocaine in its injectable form is used in dentistry, neuraxial
anesthesia, and intravenous regional anesthesia. It has a rela-
tively fast onset and intermediate duration of action. Plain
prilocaine has weak vasodilatory action and is thus another
acceptable alternative to those with cardiovascular concerns
or allergic reactions to vasoconstrictors. In clinical compari-
sons of local anesthetics, it ranks as one of the least irritating
agents [26]. Prilocaine is less cardiotoxic than other amides,
but its metabolite, o-toluidine, is associated with methemo-
globinemia. It is often mixed with lidocaine in equal quanti-
ties by weight for topical application. This combination of
prilocaine and lidocaine forms a eutectic mixture with a
lower melting point than either component has individually,
enhancing its penetration and rendering it capable of main-
taining higher concentrations without the need for a solvent.
The mixture is commonly used in dermal anesthesia, skin
grafts, and laser surgery, and is also used to anesthetize the
skin before intravenous access or injection of local
anesthetic.

Advances in Local Anesthesia

Perpetual progress in the realm of local anesthesia has
occurred ever since the isolation of cocaine by Neimann in
1860 and the early days of Drs. Koller, Halsted, and Hall.
Scientific and technological advances have included the dis-
covery of new anesthetic agents, techniques, and armamen-
tarium. Examples of more recent developments include the
local anesthetics articaine and ropivacaine, local anesthesia
delivery systems specifically designed for intraosseous
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administration (Stabident® and X-tip® systems), and
computer-controlled local anesthetic delivery devices (The
Wand®). Despite the many advances, identification of the
ideal local anesthetic devoid of any imperfections remains
elusive. The following section will discuss in greater detail
several of the current novel approaches involving the clinical
application of local anesthesia.

Ultrasound Guidance

Sonography is the use of high-frequency sound waves (ultra-
sound) to produce real-time visual images of the body’s hard
and soft anatomical structures. Diagnostic sonography has
had a long successful track record in medicine. Its use has
also been coupled with various medical and dental proce-
dures including real-time guidance during needle insertion to
help ensure accurate delivery of local anesthetics. Regional
anesthesia utilizing ultrasound guidance is commonplace
prior to many surgical interventions, particularly orthopedic
procedures involving the limbs. This practice has continued
to expand especially in light of concerns over the ongoing
opioid epidemic. Several case reports and a few scientific
studies have discussed ultrasound-guided regional blocks of
the head and neck, particularly for maxillary or V-2 nerve
blocks [33, 34]. Based on the positive results, this area likely
warrants continued assessment for potential benefit of future
patients.

Elastomeric Infusion Pumps

Another area of interest is the use of an imbedded catheter
combined with a pump system to provide continuous deliv-
ery of local anesthetic solution directly into the surgical site.
The general concepts involved with this technique are identi-
cal to those used for an epidural, with the key differences
being the use of a multi-ported catheter, placement along the
peripheral wound rather than in the epidural space, and use
of a non-electric elastomeric pain pump to facilitate ease of
ambulation. The small elastomeric or balloon pump, roughly
the size of a 12 oz. can of soda, contains a reservoir that can
be filled with various local anesthetics or even other paren-
teral analgesics providing continuous delivery of the solution
via the imbedded catheter (Fig. 1.1). The elastomeric pump
and tubing can be carried in a small pouch, like a hip bag or
“fanny pack,” allowing patients to ambulate without being
tethered down. A long-acting local anesthetic, such as bupi-
vacaine or ropivacaine, is commonly selected. Many of the
available systems permit adjustment of the infusion rate
granting the ability to tailor delivery to the individual patient;
however, patients must be counseled against making any
unsupervised adjustments. Additionally, clinical staff and
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Fig. 1.1 Local anesthetic infusion pump

Filter

clinicians must receive appropriate training on the individual
pump system selected for use to ensure a thorough under-
standing of the settings and to prevent inadvertent overdose,
which has been observed when used incorrectly. Patients can
easily remove the catheter once the pump reservoir is empty
and dispose of the entire system at home. While the use of
these portable elastomeric pumps has predominantly
involved postoperative pain management following periph-
eral orthopedic-type procedures, they have also been used
with success for various surgical interventions involving the
head and neck. This area presents yet another potential ave-
nue for opioid-free postoperative analgesia that may be quite
beneficial in high-risk populations such as patients with
severe sleep apnea or morbid obesity.

Liposomal-Encapsulated Bupivacaine
(Exparel®)

While many approaches have tried to address ways to pro-
long the activity of local anesthetics, the use of liposomal
encapsulation of local anesthetics represents a potential
bright spot in the hunt for effective postoperative pain man-
agement. Exparel® combines the use of multivesicular lipo-
somes (DepoFoam technology, Pacira Pharmaceuticals Inc.,
San Diego, Calif) with bupivacaine to provide long-lasting
local anesthetic activity capable of extending up to 72 h
(Fig. 1.2). This relatively novel agent is designed for use as
an infiltrative agent only, not to be used for regional blocks.
Recommended intraoral use following surgical removal of
third molars included infiltrating both sides of the surgical
incision. Additionally, this agent is not indicated as the pri-
mary local anesthetic due to the prolonged onset. However, it
can be used safely with other injectable local anesthetics as
long there is sufficient time (>20 min) between the
administration of the local anesthetic agents. This concern is
notably absent if bupivacaine is used initially; however, such
an approach may be rendered ineffective due to the slow
clinical onset of bupivacaine.
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Fig. 1.2 Liposomal-encapsulated bupivacaine

Exparel® has been used successfully as an effective com-
ponent of an opioid-free postoperative pain management
plan following a variety of surgical procedures including
many head and neck surgical interventions. Due to the pro-
longed duration of action, many patients are able to experi-
ence a comfortable, relatively pain-free recovery without the
need for opioid agonists, especially if combined with
NSAIDs and acetaminophen. It is likely that Exparel® will
grow to be a major tool in the fight against the overuse and
abuse of opioids as clinicians look toward incorporating
opioid-free alternatives into their practices. Currently, there
is no generic alternative to Exparel® and few insurance com-
panies provide reimbursement or coverage for use of this
agent. With the cost in 2020 approximating $300 per 20 mL
vial, it is financially unfeasible for many patients.

Kovanaze™

Marketed as a needle-free alternative, Kovanaze™ is a com-
bination of 3% tetracaine with 0.05% oxymetazoline pack-
aged as a single-use intranasal spray. The touted benefits of
this combination include regional anesthesia of the anterior
maxilla and associated teeth. It has been used to provide
local anesthesia for dental procedures in adults extending
posteriorly to the premolars and molars in older children,
although supplemental use of more traditional injections
may be needed depending on the planned surgical interven-
tion [35]. This may be a potentially useful alternative for
patients with extreme needle phobias; however, the narrow
anatomic area anesthetized is a potential limiting factor for
widespread use. It can also be difficult for patients to tolerate
the intranasal delivery.
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Intraoral Maxillary Local Anesthesia

Techniques

Steven Halepas, Leslie A. Hoffman, and Michael T. Goupil

Introduction

Intraoral maxillary local anesthesia injections are routine
among the dental profession but are less common among
many other surgical subspecialties. The use of intraoral max-
illary injections can be useful in many cosmetic procedures
of the midface. In procedures involving the lower eyelid,
zygomatic area, and upper lip, a maxillary injection may be
warranted, and the use of intraoral injections may pose a
benefit.

Local infiltration is the application of local anesthesia to
the area of interest, an example being the site of an incision.
A field block is a technique used to anesthetize nerves just
proximally to the site they innervate, often utilized to mini-
mize any anatomical distortion. A nerve block is using a
local anesthetic to anesthetize an entire nerve branch such as
an inferior alveolar nerve block.

Armamentarium

The three main components needed for local anesthesia are
the syringe, the needle, and the local anesthetic. Most com-
monly used in the dental office is the side loading dental
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syringes, but some carry the base-loading dental syringes.
Often in a hospital setting, providers will use basic single-
use disposable syringes in either 3 or 10 cc sizes. The dental
syringes are generally metal and can be placed in steriliza-
tion autoclaves. The dental syringes have a harpoon that
engages the stopper at the end of the cartridge allowing for
aspiration. Dental cartridges are typically made of glass and
generally come in 1.7 or 1.8 cc of anesthetic solution. Local
anesthetics outside of dentistry come in small vials that are
often single-use and need to be drawn up. A larger needle is
used to draw up the solution from the vials. The needles used
for injection are typically a 25 or 27 gauge with a beveled
edge. Smaller than a 27-gauge needle poses risk of being
unable to properly aspirate. Patients do not have an increased
level of pain with the larger 25-gauge size, especially when
topical anesthesia is applied [1].

Basic Injection Techniques

With intraoral injections, the provider must understand the
regional anatomy in order to properly anesthetize the area as
well as minimize any potential complications. When prepar-
ing to inject, the needle should be placed in the proper ana-
tomical position for the intended type of injection and ideally
in a 90-degree angle from the oral mucosa to facilitate an
atraumatic entry point. The needle should then be positioned
in the correct plane for the type of injection planned. It is
important to aspirate, pull back on the syringe plunger,
before injecting to determine if any blood is aspirated into
the syringe. If the aspiration is negative, meaning no blood
entered the chamber, then it is safe to inject the local anes-
thetic. If the aspiration is positive, the provider should
remove the needle and reinsert at a slightly different angle
and aspirate again [2].
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Anatomy of the Maxillary Division (V,)
of the Trigeminal Nerve

The maxillary division (V,) of the trigeminal nerve arises
from the trigeminal ganglion (also called the semilunar gan-
glion, Gasserian ganglion, or Gasser’s ganglion) within a
pocket of dura called Meckel’s cave. Meckel’s cave is located
on the floor of the middle cranial fossa near the apex of the
petrous part of the temporal bone posterior to foramen lace-
rum. The maxillary division is a purely sensory nerve that
supplies the mid-face, maxillary teeth and gingiva, nasal cav-
ity, and nasopharynx.

The first branch of the maxillary division is the middle
meningeal nerve, which arises within the cranial vault and
supplies sensation to the dura mater. The maxillary nerve
then courses along the lateral wall of the cavernous sinus
before passing through foramen rotundum to enter the ptery-
gopalatine fossa.

The maxillary nerve gives off several branches within the
pterygopalatine fossa before passing through the inferior
orbital fissure to enter the floor of the orbit, at which point it
becomes the infraorbital nerve. The infraorbital nerve crosses
the floor of the orbit to enter the infraorbital canal and
emerges onto the face at the infraorbital foramen. The infra-
orbital nerve supplies sensory innervation to the cheek, infe-
rior eyelid, lateral aspect of the nose, and upper lip.

The zygomatic nerve branches off the maxillary nerve
within the pterygopalatine fossa and enters the orbit via the
inferior orbital fissure where it divides into two branches: the
zygomaticotemporal and the zygomaticofacial nerves. The
zygomaticotemporal nerve enters the zygomatic bone and
emerges in the temporal fossa where it ascends a short dis-
tance deep to temporalis muscle before piercing the tempo-
ralis fascia to supply the skin of the temple. The
zygomaticotemporal branch also carries postganglionic
parasympathetic fibers from the pterygopalatine ganglion to
the lacrimal nerve via a communicating branch. The zygo-
maticofacial nerve traverses the zygomatic bone and emerges
via the zygomaticofacial foramen deep to the orbicularis
oculi muscle. It pierces this muscle to supply the skin over
the prominence of the cheek.

The posterior superior alveolar nerve arises from the
maxillary nerve within the pterygopalatine fossa just distal to
the pterygopalatine ganglion. It traverses the pterygomaxil-
lary fissure to enter the infratemporal fossa and travels infe-
riorly on the infratemporal surface of the maxilla toward the
maxillary tuberosity. The nerve enters the maxilla via the
posterior superior alveolar foramina and supplies sensation
to the maxillary molars.

The remaining branches of the maxillary nerve arise from
the pterygopalatine ganglion within the pterygopalatine
fossa. The nasopalatine nerve passes through the sphenopal-

atine foramen and crosses the posterior aspect of the nasal
cavity to reach the nasal septum. The nerve travels anteriorly
along the nasal septum to reach the incisive canal in the hard
palate to enter the roof of the oral cavity. The nasopalatine
nerve supplies the posteroinferior portion of the nasal sep-
tum and the anterior hard palate. Posterior superior nasal
nerves also pass through the sphenopalatine foramen to reach
the lateral wall of the nasal cavity where they supply the pos-
terior aspect of the superior and middle nasal conchae.

The greater and lesser palatine nerves arise from the pter-
ygopalatine ganglion inferiorly and then descend through the
greater palatine canal toward the hard palate. The greater
palatine nerve emerges via the greater palatine foramen and
travels anteriorly to supply sensation to the hard palate. The
lesser palatine nerve emerges via the lesser palatine foramen
and passes posteriorly to supply sensation to the soft palate.
While in the palatine canal, the greater palatine nerve can
often give off the posterior inferior nasal branches, which
supply sensation to the inferior concha. The pharyngeal
nerve arises from the pterygopalatine ganglion posteriorly
and enters the palatovaginal canal to supply sensation to the
superior aspect of the nasopharynx.

Supraperiosteal Injection

Supraperiosteal injection is often called local infiltration in
the dental field. Local infiltration is often used whenever a
limited area needs anesthesia. This is often the case in single
tooth extractions for maxillary teeth. In this technique, the
needle is positioned just laterally to the tooth that is to be
anesthetized. The needle passes through the mucosa at the
mucobuccal fold aiming for what would be the tooth root
apex. Once the bone is contacted, the needle is retracted and
0.5-1 cc of local anesthetic delivered.

Posterior Alveolar Nerve Block

It is recommended to use a 25-gauge long needle for a poste-
rior superior alveolar nerve block. Topical anesthetic can be
applied to the oral mucosa. Using a Minnesota retractor, pull
back on the buccal mucosa so the mucobuccal fold becomes
taut. The needle should be inserted at the mucobuccal fold
just distal to the maxillary tuberosity (Fig. 2.1). As the needle
is advanced it should be directed in a superior direction gen-
erally at about a 45-degree angle to the occlusal plane of the
maxillary teeth to a depth of about 1 cm (Fig. 2.2). The nee-
dle should pass through the oral mucosa and then hit the peri-
osteum along the posterior aspect of the maxillary tuberosity.
It is important to aspirate before injecting. Generally, about
1-2 cc of local anesthesia is injected. Some providers “bend
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Fig. 2.1 For a posterior alveolar nerve block, the needle is inserted at
the mucobuccal fold just distal to the maxillary tuberosity

Fig. 2.2 For a posterior alveolar nerve block, the needle is inserted at
a 45-degree angle to all three facial planes

the needle” in order to achieve the steep angle in this tight
area of the mouth. While the authors do not encourage this
technique, if one is to bend the needle ensure that it is along
the shaft of the needle and not at the end. Bending the needle
as it inserts into the plastic connection (the hub) is the weak-
est point. A bent needle at the hub can break and be lost in
the mucosa.

The posterior superior alveolar nerve arises from the
maxillary nerve within the pterygopalatine fossa just distal to
the pterygopalatine ganglion (Fig. 2.3). It traverses the ptery-
gomaxillary fissure to enter the infratemporal fossa and
courses inferiorly on the posterolateral (i.e., infratemporal)
surface of the maxilla toward the maxillary tuberosity. Near
the center of the infratemporal surface of the maxilla are 2-3
alveolar foramina which transmit the posterior superior alve-
olar nerves. The nerves are accompanied by branches of the
posterior superior alveolar artery, which arise from the max-
illary artery within the pterygopalatine fossa. The posterior
superior alveolar nerve supplies sensation to the maxillary

second and third molars and two of the three roots of the
maxillary first molar usually sparing the mesiobuccal root.

Infraorbital Nerve Block

Place the patient in a seated upright position where the occlu-
sal plane is about 45 degrees from the floor. Topical anesthe-
sia can be placed on the overlying mucosa. Using a Minnesota
retractor, hold the buccal mucosa taut so the mucobuccal fold
is well defined. The needle should be inserted at the apex of
the mucobuccal vestibule at the level between the first and
second premolar (Figs. 2.4 and 2.5). The needle is advanced
superiorly and parallel to the root axis of the second premo-
lar. Again, it is important to aspirate to ensure the needle is
not intravascular. About 1-2 cc of local anesthesia will gen-
erally effectively achieve local anesthesia [3-5].

The infraorbital nerve is the direct continuation of the
maxillary nerve after passing through the pterygopalatine

Posterior superior
alveolarn. = = -

b
3 s

Fig. 2.3 Posterior superior alveolar nerve located on the infratemporal
surface of maxilla. (Photo credit: Jamaica Westfall-Snyder)

Fig. 2.4 For an infraorbital nerve block, the anesthetic needle is
directed parallel to the bicuspid teeth superiorly to the infraorbital fossa
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Fig. 2.5 For an infraorbital nerve block, the anesthetic needle is
inserted at the depth of the mucobuccal fold in the region of the bicus-
pid teeth

fossa and traversing the inferior orbital fissure to enter the
floor of the orbit. About halfway between the apex of the
orbit and the anterior orbital margin, the nerve enters the
infraorbital canal. As the infraorbital nerve courses through
the infraorbital canal, it gives off the anterior and middle
superior alveolar nerves which supply sensation to the ante-
rior maxillary teeth and associated gingiva. The infraorbital
nerve then emerges on the anterior aspect of the maxilla via
the infraorbital foramen, which is located approximately
1 cm below the inferior orbital margin, between the origins
of the levatorlabiisuperioris and levatorangulioris muscles
(Fig. 2.6). Levatorlabiisuperioris muscle arises just superior
to the infraorbital foramen from the inferior margin of the
orbit, and levatorangulioris arises from the canine fossa just
inferior to the infraorbital foramen. In terms of external land-
marks, the infraorbital foramen is most often located along a
line connecting the lateral edge of the ala of the nose with the
lateral palpebral commissure [3]. The infraorbital nerve
gives off palpebral, nasal, and superior labial branches. The
palpebral branches ascend to supply the skin of the lower
eyelid, and nasal branches supply the side of the nose.
Several superior labial branches descend deep to levator labii
superioris muscle and supply the skin of the anterior cheek
and upper lip.

Greater Palatine Nerve Block

The greater palatine foramen is located just palatally to the
second molar on either side of the maxilla (Fig. 2.7). The
position can vary anywhere from opposite the second molar
to distal to the third molar. A cotton tip applicator can be
used to apply pressure adjacent to the greater palatine fora-
men or be used to find the depression signifying you have

Fig. 2.6 Infraorbital nerve emerging from the infraorbital foramen

Fig. 2.7 For greater palatine nerve block, the anesthetic is deposited in
the area of the greater palatine foramen

correctly located the foramen. The syringe should be placed
from the opposite side from the nerve you are injecting
(Fig. 2.8). The needle is then advanced through the mucosa
just about 2 mm anterior to that of the greater palatine fora-
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Fig. 2.8 For the greater palatine nerve block, the anesthetic needle is
inserted from the opposite side of the oral cavity

men. A small amount of anesthetic (0.3 cc) can be delivered
to note the blanching of the tissues. The needle can then be
uprighted and advanced into the canal or until the bone is
contacted. Depending on the provider’s angle, entrance into
the canal may be difficult but depositing just adjacent to the
foramen often achieves an anesthetic block. Aspiration
should then be performed and more anesthetic (0.5 cc) deliv-
ered if aspiration is negative [6-9].

The greater palatine nerve arises from the pterygopala-
tine ganglion within the pterygopalatine fossa and descends
through the greater palatine canal. The canal is formed by
a vertical groove on the maxillary surface of the palatine
bone and the adjacent part of the maxilla that articulates
there. The greater palatine canal opens on the hard palate
through the greater palatine foramen, which is most often
located opposite the third maxillary molar, although its
position can vary between the second and third molars or,
occasionally, distal to the third molar [10]. After emerging
from the greater palatine foramen, the greater palatine
nerve travels anteriorly within a groove near the alveolar
border of the hard palate (Fig. 2.9). The hard palate is cov-
ered by a thick mucosa that is tightly attached to the under-
lying periosteum, and, in the lateral regions also includes a
submucosa that contains the neurovascular bundle. The
greater palatine artery accompanies the greater palatine
nerve within the greater palatine canal and on the hard pal-
ate. The greater palatine nerve supplies sensory innerva-
tion to the mucosa of the hard palate as far anteriorly as the
incisors. It communicates with terminal branches of the
nasopalatine nerve, which supplies the anteriormost part
of the hard palate just posterior to the incisors.

Nasopalatine Nerve Block

A nasopalatine nerve block is performed by injecting poste-
rior to the maxillary midline between the two central incisors
(Fig. 2.10). The needle is inserted about 6—7 mm posterior
from the incisal edges of the central incisors at the anatomi-
cal location of the incisive foramen (Fig. 2.11). The needle is
advanced into the incisive foramen and a slow deposit of
anesthetic solution about 0.5 cc is used [11-13].

The nasopalatine nerve leaves the pterygopalatine fossa
via the sphenopalatine foramen and enters the nasal cavity
where it crosses the posterior wall to reach the nasal septum.
The nerve travels anteriorly and inferiorly within a groove on
the vomer and then descends into the incisive canal, which
opens inferiorly onto the hard palate via the incisive foram-
ina within the incisive fossa (Fig. 2.12). The incisive fossa is

Greater palatine n

ﬁ."

Fig. 2.9 Greater palatine nerve emerging from the greater palatine
foramen. (Photo credit: Jamaica Westfall-Snyder)

Fig. 2.10 The nasopalatine foramen is located behind the maxillary
central incisors
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Fig. 2.11 For a nasopalatine nerve block, the anesthetic needle is
inserted through the incisive papilla into the incisive canal

Hard
palate

]

‘Masopalatine n.
e )

Fig.2.12 Nasopalatine nerve emerging from the incisive canal. (Photo
credit: Jamaica Westfall-Snyder)

located in the midline just posterior to the incisors. In the
midline of the hard palate, the mucosa forms a narrow ridge,
the palatine raphe, which ends anteriorly at a prominence
called the incisive papilla just posterior to the central inci-
sors. The incisive papilla overlies the incisive fossa, where
the nasopalatine nerve emerges onto the hard palate. After
emerging from the incisive canal, the nasopalatine nerve
supplies sensory innervation to the anterior aspect of the
hard palate posterior to the incisors.

Maxillary Nerve Block

A cotton tip applicator can be used to apply pressure adja-
cent to the greater palatine foramen as described earlier. The
greater palatine foramen can be located either in the middle
of the maxillary second molar to the middle of the maxillary
third molar. The optimal angle of insertion into the greater
palatine canal is about 45 degrees from the horizontal plane

of the hard palate. The needle should be slowly advanced
until the hub is reached (about 32 mm). Aspiration should be
performed and 1.7 cc should be delivered [14] (Fig. 2.13).

As previously described, the maxillary nerve travels
through the pterygopalatine fossa where it gives rise to many
branches that are distributed to other regions in the head and
face. The pterygopalatine fossa is a small, pyramidal space
located below the apex of the orbit between the maxilla and
the pterygoid process of the sphenoid bone. There are seven
openings by which structures can pass into and out of the
pterygopalatine fossa. Posteriorly, the pterygopalatine fossa
communicates with the middle cranial fossa via foramen
rotundum and the pterygoid canal, and with the nasopharynx
via the palatovaginal canal. Anteriorly, the inferior orbital
fissure opens into the orbit. The sphenopalatine foramen on
the medial wall of the fossa opens into the nasal cavity. The
pterygomaxillary fissure communicates laterally with the
infratemporal fossa, and the greater palatine canal opens
inferiorly into the oral cavity.

The pterygopalatine fossa houses the pterygopalatine
ganglion, which is connected to the maxillary nerve via two
ganglionic branches (Fig. 2.14). Many branches of the max-
illary nerve arise from the ganglion but are not functionally
associated with it. The pterygopalatine ganglion receives
preganglionic parasympathetic fibers from the greater petro-
sal nerve, a branch of the facial nerve (CN VII), which joins
the deep petrosal nerve to form the nerve of the pterygoid
canal (Vidian nerve). This nerve traverses the pterygoid
canal to reach the ganglion within the pterygopalatine fossa.
Also located within the pterygopalatine fossa is the third part
of the maxillary artery, which gives rise to several branches,
many of which are distributed with branches of the maxillary
nerve.

The entire maxillary nerve can be anesthetized within
the pterygopalatine fossa resulting in anesthesia of the

Fig. 2.13 For a maxillary second division nerve block, the anesthetic
needle is directed superiorly through the greater palatine nerve canal to
the pterygopalatine fossa
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Fig. 2.14 Anatomy of the palatine canal and pterygopalatine fossa.
(Photo credit: Jamaica Westfall-Snyder)

entire hemi-maxilla, including the maxillary teeth and
gingiva, mucosa of the hard and soft palate, maxillary
sinus, nasal cavity, and skin of the mid-face. The ptery-
gopalatine fossa can be accessed via the greater palatine
canal, which begins inferiorly at the greater palatine fora-
men on the hard palate and opens superiorly into the pter-
ygopalatine fossa.

Summary

Knowledge of regional anatomy allows the surgeon to select
an appropriate anesthetic technique to provide both anesthe-
sia and hemostasis to the area of interest. This knowledge is
necessary to provide anesthesia in a safe and effective
manner.
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Intraoral Local Mandibular Anesthesia

Benjamin Anderson and Chandler L. Walker

Introduction

With regard to intraoral local anesthesia, the mandibular arch
can represent a more formidable challenge than the maxilla
(see Chap. 2). The procedures are not only technically diffi-
cult, but also challenging and demanding from a patient
management perspective. Patients consistently determine the
competence of their provider by the comfort and efficacy of
local anesthesia delivery. If you can deliver painless, pro-
found local anesthesia consistently, you are well on your way
to earning the confidence of your patients [1]. The objective
of this chapter is to give the healthcare provider clear techni-
cal, anatomical, and pharmacological information, substanti-
ated by research and experience, with the aim of developing
successful, consistent local anesthesia of the mandibular
arch.

For a description of the anatomy of the mandibular
branch of the trigeminal nerve see section “Mental Nerve
Block™.

Traditionally, there are three primary techniques for
achieving unilateral anesthesia of the mandible: (1) the infe-
rior alveolar nerve (IAN) block (Halstead Block), (2) Gow-
Gates block, and (3) Vazirani-Akinosi block [2]. Cases of
irreversible pulpitis, and patients who experience difficulties
achieving the desired anesthetic effect may necessitate addi-
tional techniques such as intraosseous delivery or intrapulpal
of anesthesia, which will also be discussed. Supplemental
nerve blocks are another important aspect of providing pro-
found anesthesia. For example, the long buccal block is used
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regularly with the IAN block to anesthetize the buccal
mucosa and accessory innervation to the molars [3].
Similarly, the mylohyoid block can be important when
extracting posterior mandibular molars or performing end-
odontic therapy.

General Injection Principles
Anesthesia Basics

e Aspirate prior to anesthetic injection

e Obtain a thorough patient medical history

e Document vital functions of the patient before injection

e Do not bend the needle at the hub during injection

* Do not inject the needle all the way to the hub

*  Wait for a sufficient time period for adequate anesthesia
before re-injecting

* Do not anesthetize the mandibular arch with articaine

e If intraoral tissue balloons upon injection (indicating
shallow injection), withdraw and reinsert the syringe nee-
dle deeper into the tissue at the given location

Improving Patient Comfort

* Inject anesthesia slowly (38 mg/30s+)

* Use a new, sharp needle for the injection

e Ensure the tissue designated for injection is stretched taut

e Distract tissues by shaking mucosa or using syringe
vibrator

e Topical anesthesia should be placed on dried mucosa
5 min prior to injection

e Warm the local anesthesia cartridge or syringe before
injection
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e Mix Sodium bicarbonate with local anesthetic (LA) (not
typical cartridge delivery)

e Use a smaller needle diameter

¢ Avoid bilateral mandibular anesthesia when possible

e Initial injection with less acidic LA, followed by primary
LA, for example, lidocaine and articaine

e Iflocal anesthetic drips into patient’s tongue area, quickly
remove with saliva ejector as it is very bitter

Complications can arise and the provider must be pre-
pared for such an eventuality; however, every effort must be
made to prevent them. Prevention is accomplished by mak-
ing a thorough health history and obeying a few simple prin-
ciples. Below are a few common complications and how to

avoid them:
Intravascular Injection:

Paresthesia, Permanent
Anesthesia, Dysthesia:

Needle Separation:

Overdose:

(1) Study your anatomy and nee-
dle placement, (2) ALWAYS
aspirate before injecting

(1) Relocate needle BEFORE
injection if patient experiences
“electrical shock” sensation, (2)
avoid anesthetics associated with
nerve toxicity on IAN blocks

(1) Do not bend needle at hub, (2)
Do not insert need to hub, (3)
Select larger diameter gauge nee-
dle (27+) for deeper injections
(1) Weigh the children and calcu-
late appropriate max dose using
2.2 mg/kg (max. 4.4 mg/kg) [4],
(2) Maximum 1Icarpules of 2%
lidocaine with 1:100,000 epi-
nephrine for adults (7 mg/kg
max) [4]

Cardiac Event:

(1) Limit epinephrine to the
equivalent of two carpules of LA
of 2% lidocaine with 1:100,000
epi in patients with hypertension,
and following myocardial infarc-
tion (MI), (2) Review medica-
tions that are contraindicated and
have adverse effects with epi-
nephrine [5-7]

Mandibular Block Techniques

Inferior Alveolar Nerve Block (IANB) [3, 5]

Technique:

1. If right-handed, place left thumb on the coronoid notch
(see Fig. 3.1) and the index finger on posterior aspect of
ramus as a reference.

2. Identify Needle Penetration Site:

(a)

(b)

Vertical Position (relative to patient): Visualize the
pterygomandibular raphe and follow it upward until
it curves vertically toward the maxilla. If you imag-
ine a line from your thumb to this point it should be
roughly parallel with and 1 cm superior to the man-
dibular plane of occlusion. This approximates your
height of injection.

Anteroposterior Position: Determine the position
approximately three quarters from the anterior of
the ramus or halfway between your thumb (in coro-
noid notch) and the posterior border of the ramus
(also visually approximated by the pterygomandib-
ular raphe (Fig. 3.1a, b).

Fig.3.1 (a) Anatomic location for proper reference identification and needle placement for the inferior alveolar nerve block (IANB). (b) Osteology
location for proper reference identification and needle placement for the inferior alveolar nerve block (IANB)
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10.

. Holding syringe in other hand, obtain a finger rest with

ring finger and pinky, position barrel at contralateral
commissure and aim a long needle (27 gauge or larger)
at the intersection point identified in step 2.

. While pulling the buccal mucosa taut with your thumb,

gently push the needle through the mucosa until you
contact the bone.

. Advance the needle posteriorly, maintaining contact

with the medial ramus, until about two-thirds to three-
fourths of the needle is inserted. The needle tip should
be just posterior and superior to the lingula.

Aspirate. If positive, reposition the needle without com-
pletely withdrawing and repeat aspiration until negative.
If cartridge contains too much blood to distinguish
between future positive/negative aspiration, withdraw
and replace cartridge.

Once negative aspiration is achieved, slowly deposit
most of the local anesthetic (approximately 1.5 mL of
the 1.7 mL cartridge), withdraw until one-fourth of the
syringe remains inserted, aspirate and if negative,
deposit remaining local anesthetic (approximately
0.2 mL) in order to also anesthetize lingual nerve.
Withdraw the needle and syringe from mouth, reassure
the patient that they did well, and recap the needle using
one-hand-scoop technique.

Wait for at least 5 min. Either you or a trained personnel
should remain with the patient as local anesthesia takes
effect as most cardiac and syncopal events will occur
during this window of time.

Determine profound lip and tongue anesthesia by asking
the patient whether their lips and tongue “feel tingly or
thick” [5].

Long Buccal Nerve Block (Supplemental

to

IANB)

. If right-handed, use the left index finger to pull the buccal

mucosa taut lateral to the mandibular third molar

With bevel down and syringe parallel to plane of occlu-
sion, penetrate the buccal mucosa distal and buccal to the
last molar (Fig. 3.2)

Advance the needle until the periosteum is gently
contacted

Aspirate. Depth of penetration should only be 1-2 mm,
maximum of 4 mm

. Slowly inject about one-fifth of cartridge contents

(0.3 mL)
Withdraw needle and recap using one-hand-scoop
technique
Wait for at least 1 min before starting the dental
procedure

Fig. 3.2 Anatomic location for administration of a long buccal nerve
block as a supplement to IANB

Gow-Gates Mandibular Nerve Block
Technique and Position

1. Positioning: Place the patient in a supine position. Using
a 27 to 25 gauge needle, and sitting at the patient’s 8
o’clock position for a right-side block, or a 10 o’clock
position for a left-side block, orient the needle intraorally
toward the condyle, pointed toward the inferior most part
of the tragus on that side, while the barrel of the syringe is
at the opposite corner of the mouth. It is often helpful
before positioning the needle to palpate and determine the
position of the coronoid notch and aim just posterior and
slightly superior to reach the appropriate target on the
anterior part of condyle. Intraorally, if the patient is eden-
tate, the needle should pass just inferior to the mesiolin-
gual cusp of the maxillary second molar and enter the
mucosa just distal to the second molar (or third molar if
erupted).

2. After identifying landmarks and appropriate position,
ensure the patient is opening widely without closure and
slowly advance the needle until contact is made with the
bone. Generally, if positioned appropriately, the needle
will penetrate the tissue at about 25 mm by the time it hits
the bone, roughly equivalent to that of the TANB. If the
bone is not contacted, pull the needle out slightly, exam-
ine your landmarks and consider repositioning laterally.
Once you have determined why you missed the bone, re-
advance toward the condyle (Fig. 3.3a, b).

3. Withdraw the needle by 1-mm, aspirate; if negative,
slowly deposit local anesthesia. If positive, pull it out
slightly and reposition the needle more superiorly and try
again.

4. Withdraw needle and syringe from mouth, reassure
patient they did well, and recap needle using one-hand-
scoop technique.
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Fig. 3.3 (a) Anatomic location for administration of a Gow-Gates mandibular nerve block. (b) Osteology location for administration of a Gow-
Gates mandibular nerve block

5. Malamed suggests that the patient remain open for
1-2 min after injection to permit appropriate diffusion of
the bolus. If you do this, offer something to the patient to
make them comfortable such as a bite block.

6. Make the patient sit upward and wait for a minimum of
3-5 min, then ask the patient whether their tongue and lip
feel “thick” or “tingly.” Generally, if both feel “thick”
both the TAN and the lingual nerve are adequately anes-
thetized to proceed. If only “tingly,” wait for a few min-
utes and ask again. In many instances, the difference
between profound anesthesia and discomfort is not more
LA, it is patience [5].

Vazirani-Akinosi Nerve Block

The Vazirani-Akinosi nerve block, often just called the
“Akinosi Nerve Block™ is an important technique in that it
allows the provider to deliver local anesthesia to a patient
with limited mouth opening. If the patient’s limited mouth
opening is related to trauma, infection, or postinjection tris-
mus, this is indeed very helpful to allow for subsequent
opening and treatment.

Technique

1.

2.

Sit at 8 o’clock position for either left or right block with

patient in supine position.

Ask the patient to occlude the teeth, relax the cheeks as

you retract soft tissue. Visualize landmarks:

(a) Mucogingival junction of most posterior maxillary
molar, maxillary tuberosity

(b) With thumb in coronoid notch, reflect soft tissue from
medial ramus laterally (Fig. 3.4)

. A 25- to 27-gauge long needle with bevel facing midline

(pointed side lateral) is advanced between the cheek and
the maxillary teeth at the level of the mucogingival junc-
tion, while keeping the syringe parallel to the maxillary
plane of occlusion (Fig. 3.5).

Penetrate mucosa just medial to ramus (kept tight by
retraction) approximately 25 mm with the maxillary
tuberosity as your reference point (Fig. 3.6).

Aspirate, if negative, deposit the bolus over 60 s. If posi-
tive, examine landmarks and reposition.

Withdraw needle and syringe from mouth, reassure
patient they did well, and recap needle using one-hand-
scoop technique.
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7. Wait at least 5 min. Either you or a trained personnel
should remain with patient as local anesthesia takes effect
as most cardiac and syncopal events will occur during this
window of time.

8. Determine profound lip and tongue anesthesia by asking
patient whether their lips and tongue “feel tingly or thick™ [5].

Accessory Mandibular Nerve Blocks

Incisive Nerve Block

Often inappropriately called the “mental” nerve block, the
incisive nerve block is a very useful and easy block to obtain

Fig.3.4 Lateral reflection of soft tissue from the medial ramus (Fig. 4)  gpesthesia of the pulp, bone, and buccal soft tissue of man-
in preparation for the Vazirani-Akinosi nerve block dibular premolars forward

' f‘ 1; 1. Position the patient in a supine or semi-supine position.

L J ' 2. Palpate the mental foramen, which should feel like a con-

e cave indentation on the buccal bone between the roots of
the mandibular premolars.

3. Pulling the buccal mucosa tautly and using a short 27- or

30-gauge needle with the bevel toward the bone, place the

‘\ tip of the needle at the mucobuccal fold or just anterior to

- the mental foramen (Fig. 3.7).

4. Slowly advance the needle to a depth of 5 mm. Entering
the mental foramen is unnecessary and can introduce
complications and should be avoided.

5. Aspirate. If negative, continue. If positive, pull out, repo-
sition, and try again.

6. Slowly inject about a 0.6 mL of local anesthesia. The dis-
tended tissue should only slightly bulge.

Fig.3.5 Syringe placement between the cheek and the maxillary teeth
at the level of the mucogingival junction for the Vazirani-Akinosi nerve
block

Fig. 3.7 Anatomic placement of the syringe needle at the mucobuccal
Fig. 3.6 Profile view depicting the angle of syringe placement for .folcll or just anterior to the mental foramen for proper administration
Vazirani-Akinosi nerve block incisive nerve block
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7. Withdraw needle and syringe from mouth, reassure
patient they did well, and recap needle using one-hand-
scoop technique.

8. Wait for 3-5 min. Either you or a trained personnel should
remain with patient as local anesthesia takes effect as
most cardiac and syncopal events will occur during this
window of time.

9. Determine profound lip and tongue anesthesia by asking
the patient whether their lip is “feeling tingly or thick.”
Remember, this block does not anesthetize the patient’s
tongue, so an additional block maybe necessary for more
invasive procedures [5].

Mylohyoid Block

This is most often used to help achieve lingual anesthesia
when TANB was too low and/or did not achieve lingual anes-
thesia due to potential cervical accessory nerves. It is not
infrequently needed when extracting third molars.

1. Position the patient in a supine or semi-supine position.

2. Palpate the mental foramen, which should feel like a con-
cave indentation on the buccal bone between the roots of
the mandibular premolars.

3. Retract tongue with mouth mirror and make mucosa of
floor of mouth taut, insert long 27-gauge needle one tooth
posterior to the one to be treated, around its apex
(Fig. 3.8).

4. Slowly advance the needle until it touches the bone, gen-
tly pull back slightly.

5. Aspirate. If negative, continue. If positive, pull out, repo-
sition and try again.

Fig. 3.8 Syringe placement for effective administration of a mylohy-
oid block

6. Slowly inject about a one-third carpule of local anesthe-
sia. The distended tissue should only slightly bulge.

7. Withdraw needle and syringe from mouth, reassure
patient they did well, and recap needle using one-hand-
scoop technique.

8. Wait for 3—5 min. Either you or a trained personnel should
remain with patient as local anesthesia takes effect as
most cardiac and syncopal events will occur during this
window of time.

9. Determine profound tongue anesthesia by asking patient
whether their tongue is “feeling tingly or thick™ [5].

Intraosseous

Various techniques have been advanced by Stabident, X-Tip,
and TuttleNumbNow, each with proprietary instructions.
Intraosseous anesthesia can be highly effective and predict-
able but requires additional instrumentation. The major ben-
efit of intraosseous anesthesia is nearly immediate numbness,
which facilitates a shorter operating time for both patient and
practitioner.

Summary

Thorough knowledge of the regional anatomy and adherence
to recognized techniques makes local anesthesia of the man-
dible both predictable and safe. When anesthesia is unsuc-
cessful, it is usually due to a variation of the patient’s
anatomy or improper technique. Regardless of the cause
when attempting to re-anesthetize the area, the provider
should not exceed the recommended anesthetic doses.
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Introduction

The Trigeminal nerve (cranial nerve V) provides the vast
majority of the sensory innervation to the face. Each of the
three nerves pass through the skull via their respective foram-
ina to innervate the face segmentally and are named according
to the regions they terminate: the eye, maxilla, and mandible.
Each nerve has at least one principal sensory branch that pass
through foramina of skull bilaterally at the mid-pupillary line
via the supraorbital, infraorbital, and mental foramina. The first
branch, the ophthalmic nerve (V,), passes through the superior
orbit to innervate the anterior scalp, forehead, upper eyelid, and
dorsum of the nose. The second branch, the maxillary nerve
(V,), innervates the lateral nose, upper lip, lower eyelid, supe-
rior cheek, and anterior temple. The third branch of the trigemi-
nal nerve is the mandibular nerve (V). The mandibular nerve is
a mixed sensory and motor nerve where its sensory branches
supply the temporal region of the scalp, anterior ear, inferior
cheek, chin, and lower lip (Fig. 4.1).

While the majority of the sensory innervation to the face
is provided by the Trigeminal nerve and its branches, the
great auricular nerve provides the remaining innervation.
The great auricular nerve originates from the anterior rami of
the cervical plexus and innervates the skin of the posterior
aspect of the external ear and angle of the mandible.
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Ophthalmic Nerve (V,) Blocks

The ophthalmic nerve (V,) exits the skull via the superior
orbital fissure. As it passes through the superior orbit, it gives
off several cutaneous branches that will innervate the supe-
rior portions of the face: the supraorbital, supratrochlear,
infratrochlear, external nasal, and lacrimal nerves. The prin-
cipal sensory branch of V, is the supraorbital nerve which
exits the orbit via the supraorbital notch or foramen and
notches superiorly over the orbital rim to the forehead
(Fig. 4.2). It innervates the middle part of the upper eyelid,
and the anterolateral forehead and scalp to the vertex.

The supratrochlear nerve is a smaller branch that bifur-
cates with the supraorbital nerve and travels to the superome-
dial orbit to ascend the forehead. It innervates the medial part
of the upper eyelid and the medial forehead. Travelling
within the medial orbit inferior to the trochlea is the
infratrochlear nerve. This nerve innervates the skin of the
medial canthus and the lateral root of the nose. The external
nasal nerve is a terminal branch of the anterior ethmoidal
nerve that emerges from the nasal cavity between the nasal
bone and the lateral nasal cartilage. It provides innervation to
the skin of the dorsum of the nose to the apex. Finally, the
lacrimal nerve runs superolaterally through the orbit and
innervates a small area of skin in the lateral upper eyelid.

Technique

Note: Refer to Fig. 4.3 to review the sensory distribution of
the supraorbital and supratrochlear nerves and Fig. 4.4 for the
location of the nerves and the anesthetic needle entry point.
Supraorbital and Supratrochlear Nerve Blocks

1. Have the patient seated in a comfortable position with
the facial muscles relaxed.
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Fig. 4.1 Cutaneous distribution of the trigeminal nerve from anterior
(left) and lateral (right). The Ophthalmic nerve supplies the anterior
scalp, forehead, dorsum of the nose, and upper eyelid (red). The maxil-
lary nerve supplies the lateral nose, lower eyelid, upper lip, anterior

Fig. 4.2 Supraorbital nerve. Exits the orbit through the supraorbital
notch or foramen near the mid-pupillary line (arrow). It ascends to
innervate the skin of the forehead and medial upper eyelid

2. Palpate the superior orbital rim to locate the superior
orbital rim or notch. This should be approximately
2.2 cm from the facial midline [1].

cheek, and temple (orange). The mandibular nerve supplies the lower
lip, chin, inferior cheek, anterior ear, and the temporal region of the
scalp (yellow)

10.

. Once the foramen or notch is located, clean the medial

eyebrow with an alcohol prep pad. Allow an adequate
amount of time for the alcohol to dry.

Using a 25-30 gauge anesthetic needle, enter the skin
overlying the notch. Take care to direct the needle medi-
ally. The medial angulation of entry prevents the needle
from entering the foramen directly and avoids injury to
the nerve [2].

Advance the needle to the periosteum.

Aspirate the syringe to ensure the needle is not intravascular.
Deposit 1-2 mL to achieve anesthesia of the supraorbital
nerve.

An additional 2 mL of anesthetic can be injected in an
attempt to block the supratrochlear nerve.

Alternatively, the above procedure can be repeated to
block the supratrochlear nerve but instead enter the skin
1 cm more medially.

If after a few minutes, adequate anesthesia has not been
achieved, follow the same procedures outlined above,
bur enter the skin both medially and laterally to the orig-
inal point of entry.
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[J Supraorbital Nerve

[l Supratrochlear Nerve

Fig.4.3 The sensory distribution of both the supraorbital nerve (green)
and supratrochlear nerve (blue)

Maxillary Nerve (V,) Blocks

The maxillary nerve (V,) exits the cranium via the foramen
rotundum. It passes through the pterygopalatine fossa and
continues anteriorly to enter the orbit through the inferior
orbital fissure where it gives off two primary branches: infra-
orbital and zygomatic nerves. The principle sensory branch
of V2 is the infraorbital nerve which passes through the
infraorbital groove in the floor of the orbit and exits the skull
through the infraorbital foramen of the maxilla (Fig. 4.5).
The infraorbital nerve supplies the skin of the lower eyelid,
lateral nose, anterior cheek, and upper lip.

The zygomatic nerve runs along the lateral wall of the
orbit and gives rise to two cutaneous branches: zygomatico-
facial and zygomaticotemporal nerves. The zygomaticofacial
nerve is the smaller of the two branches which exits the skull
through a small foramen in the body of the zygomatic bone.

Fig. 4.4 The approximate locations of the supraorbital nerve (green)
and supratrochlear nerve (blue)

Fig. 4.5 Infraorbital nerve. Exits the maxilla through the infraorbital
foramen near the mid-pupillary line (arrow). It innervates the skin of the
lower eyelid, lateral nose, anterior cheek, and upper lip. ZM zygomati-
cus major muscle, OrbO orbicularis oculi muscle
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It innervates the skin at the prominence of the cheek. The
zygomaticotemporal nerve exits through a foramen on the
posterolateral aspect of the zygomatic bone and ascends
toward the temple. It innervates the hairless region of the
anterior temple.

Technique

Note: These nerves are routinely anesthetized intraorally by
dental professionals via similar techniques, only that they are
completed inside the mouth, and are described elsewhere in
this textbook.

Maxillary Nerve Block

Traditionally, an inferozygomatic approach was described to
anesthetize the maxillary nerve. There are noteworthy com-
plications with the approach that include arterial puncture,
puncture of the pharyngeal wall, and injection into the orbit.
As such, both the suprazygomatic and infrazygomatic
approach will be described so to allow practitioners to weigh
the advantages and disadvantages of each before
proceeding.

Infrazygomatic Approach to Maxillary Nerve

Blockade

1. Position the patient supine or semi-supine.

2. Have the patient open their mouth slightly (incisal edge of
maxillary incisors to incisal edge of mandibular incisors
~1 cm).

3. The clinician is aiming to pass the needle tip through an
imaginary half-ovoid shape bound superiorly by the
zygomatic arch, inferiorly by the mandibular notch (supe-
rior border of the ramus), anteriorly by the coronoid pro-
cess, and posteriorly by the condylar process. These
borders should be palpated to appreciate their location.
The tragus can act as a surrogate approximation of the
condylar head.

4. In order to reduce risk of arterial puncture, needle punc-
ture the skin as superiorly as the zygomatic arch will per-
mit. The point of puncture should be centered on the
mandibular notch.

5. Following perpendicular skin puncture with a 22- or
25-gauge needle, the needle is advanced medially without
superior angulation approximately 2—4 cm depth until it
contacts the lateral pterygoid plate.

6. Once the lateral pterygoid plate is contacted, withdraw
the needle slightly and angle the needle antero-superiorly
toward the pterygopalatine fossa.

7. Once a paresthesia is elicited, an aspiration maneuver can
occur to ensure the tip of the needle is not in a vascular
structure.

8. Following a negative aspiration, slowly deposit up to
5 mL of local anesthesia.

9. A successful block will have the patient experience numb-
ness/tingling of the ipsilateral lower eyelid, upper lip, and
lateral nose.

Suprazygomatic Approach to Maxillary Nerve

Blockade

1. Position the patient supine.

2. With your index finger, palpate and denote (or mark) the
superior border of the zygomatic arch — this is the first
landmark.

3. With your index finger, palpate and denote (or mark) the
posterior border of the orbital rim — this is the second
landmark.

4. With a 22- or 25-gauge needle, puncture the skin per-
pendicular to where these two landmarks intersect and
advance the needle 1-1.5 cm until the sphenoid bone is
contacted (Fig. 4.6).

10. Once the sphenoid bone is contacted, withdraw the nee-
dle slightly and angle the needle inferoposteriorly and
advance the needle and additional 3-5 cm toward the
pterygopalatine fossa.

11. Once a paresthesia is elicited, an aspiration maneuver
can occur to ensure the tip of the needle is not in a vas-
cular structure.

12. Following a negative aspiration, slowly deposit up to
5 mL of local anesthesia.

13. A successful block will have the patient experience
numbness/tingling of the ipsilateral lower eyelid, upper
lip, and lateral nose.

[

Fig. 4.6 Entry point for a suprazygomatic approach to maxillary nerve
blockade
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Anterior Superior Alveolar Nerve Block (Also

Known as the Infraorbital Nerve Block)

1. Position the patient supine or semi-supine.

2. With your index finger, palpate extraorally the patient’s
infraorbital ridge inferior to the globe until a small depres-
sion is appreciated (generally mediolaterally centered
with the patient’s pupil) — this is the infraorbital notch.

3. Palpate immediately inferior to the infraorbital notch
where, after your finger transverses a convex bony
prominence (the lower border of the orbit), a concave sur-
face is felt. It is in this bony depression which the infraor-
bital foramen is located. This may feel slightly
uncomfortable for the patient.

4. Once the infraorbital foramen is located, either maintain a
finger or mark the skin on its position.

5. Given that the infraorbital foramen is angulated supero-
laterally, the barrel of the anesthetic syringe should be
inferolateral to the infraorbital foramen such that the nee-
dle tip is facing in a superomedial direction in order to
advance the needle in a perpendicular direction to the
foramen; this is to prevent over-insertion of the needle
into the foramen and potential puncture of the orbit.

6. With a 25- or 27-gauge needle, puncture the skin and
advance the needle until the needle touches the bone. The
bevel should be facing the infraorbital foramen and the
needle tip should be touching the roof of the infraorbital
foramen.

7. Perform an aspiration maneuver to ensure that the tip of
the needle is not intravascular.

8. Following a negative aspiration maneuver, deposit
1-1.5 mL of local anesthetic into the foramen over a min-
imum of 30 s while concurrently applying digital pressure
on the foramen. This pressure should be maintained for a
minimum of 1 min and both prevents hematoma forma-
tion and may aid in the propagation of local anesthetic
further into the foramen.

9. Wait a minimum of 3 min before observing whether the
patient is experiencing subjective signs of anesthesia
(e.g., tingling/numbness in the area of the ipsilateral
lower eyelid, lateral nose, and upper lip). (Fig. 4.7).

Mandibular Nerve (V;) Blocks

The mandibular nerve (V;) exits the cranium through the
foramen ovale. It traverses through the infratemporal fossa
where it gives off three cutaneous branches: mental, auricu-
lotemporal, and buccal nerves. The first principle sensory
branch of V5 is the mental nerve. The mental nerve travels
within the mandibular canal and exits the mandible through
the mental foramen located inferior to the second premolar
tooth (Fig. 4.8). The mental nerve supplies the skin of the
chin and lower lip.

Fig. 4.7 Entry point for infraorbital nerve block

Fig. 4.8 Mental nerve. Exits the mandible through the mental foramen
inferior to the second premolar (arrow). It innervates the skin of the
lower lip and chin. M mandible, OrO orbicularis oris muscle, Men men-
talis muscle (reflected)

The auriculotemporal nerve is the second principle sen-
sory branch of V;. It passes posteriorly to the ramus of the
mandible and temporomandibular joint to ascend toward the
temporal bone (Fig. 4.5). As it passes between the external
acoustic meatus and neck of the mandible, it innervates the
skin anterior to the ear, tragus, and anterior helix of the exter-
nal ear. As it travels superiorly with the superficial temporal
artery and vein, it innervates the skin of the posterior tempo-
ral region. The buccal nerve travels anterior to the masseter
muscle and runs on the surface of the buccinator muscle on
its way to innervate the skin of the cheek as far as the corner
of the mouth. Takezawa and colleagues (2019) [3] report that
the buccal nerve forms a plexus with infraorbital and mental
nerves to collectively innervate the skin at the corner of the
mouth and lateral lips (Fig. 4.9).
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Fig. 4.9 Auriculotemporal and buccal nerves. The mandibular nerve
exits the through the foramen ovale to enter the infratemporal fossa.
The auricolotemporal nerve (ATN) passes laterally between the neck of
the mandible (M) and external acoustic meatus (EAM) to ascend with
the superficial temporal vessels. It innervates the skin anterior to the ear,
temporal region of the scalp, tragus, and anterior helix of the external
ear. The buccal nerve (BN) exits the infratemporal nerve anterior to the
masseter on the surface of buccinator to innervate the skin of the cheek.
MA maxillary artery, MP medial pterygoid muscle, LN lingual nerve,
IAN inferior alveolar nerve, IAA inferior alveolar artery, MMA middle
meningeal artery

Technique

Mandibular Nerve Block

There are several established methods of extra-oral delivery
of local anesthesia to branches of the mandibular nerve such
as the inferior alveolar nerve, lingual nerve, or mental nerve
but these techniques primarily anesthetize individual
branches or a combination of branches only once they have
separated from the entire mandibular nerve. As such, only a
traditional landmarked approach of the mandibular nerve
itself block will be reviewed:

1. Position the patient supine or semi-supine.

2. Have the patient open their mouth slightly (incisal edge of
maxillary to incisal edge of mandibular incisors ~1 cm).

3. The clinician is aiming to pass the need tip through an
imaginary half-ovoid shape bound superiorly by the
zygomatic arch, inferiorly by the mandibular notch (supe-
rior border of the ramus), anteriorly by the coronoid pro-
cess, and posteriorly by the condylar process. These
borders should be palpated to appreciate their location.
The tragus can act as a surrogate approximation of the
condylar head.

4. In order to reduce risk of arterial puncture, needle punc-
ture the skin as superiorly as the zygomatic arch will per-
mit. The point of puncture should be centered on the
mandibular notch (Fig. 4.10).

5. Following perpendicular skin puncture with a 22- or
25-gauge needle, the needle is advanced medially without

Fig. 4.10 Entry point for a mandibular nerve block and an infrazy-
gomatic approach for a maxillary nerve block

superior angulation approximately 2—4 cm depth until it
contacts the lateral pterygoid plate.

6. Once the lateral pterygoid plate is contacted, withdraw
the needle slightly and angle the needle posteriorly toward
the ear (not more than 6 cm). A slight inferior angulation
may be necessary proportional to how superior the skin
puncture occurred relative to the zygoma.

7. Once a paresthesia is elicited or there is an elevation
twitch from the mandible, an aspiration maneuver can
occur to ensure that the tip of the needle is not in a vascu-
lar structure.

8. Following a negative aspiration, slowly deposit up to
5 mL of local anesthesia.

9. A successful block will have the patient experience numb-
ness/tingling of the ipsilateral lower lip and anterior two-
thirds of the tongue.

Mental Nerve Block

1. Position the patient supine or semi-supine.

2. Have the patient open his/her mouth so that the patient’s
premolar teeth, if present, are appreciated. These teeth
generally do not have as notable a cusp tip as the patient’s
canine/eye tooth, nor are they as wide anteroposteriorly
as the patient’s molar teeth. The mental foramen is gen-
erally inferior to these premolar teeth.
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3. With your thumb, palpate the inferior border of the man-
dible starting posteriorly toward the angle of the man-
dible and working your way anteriomedially toward to
the patient’s chin. As you approach the chin and detect a
small bony convexity, you have reached the mental
tubercle. The mental foramen is posterolateral to this
landmark.

4. Should you wish, extraorally palpate the anterior portion
of the ramus and move your digit inferiorly to follow the
linear bony protuberance called the oblique line which
runs along the body of the mandible. The mental fora-
men is anterior to this landmark.

5. With your index finger, palpate extraorally along the
body of the mandible such that you are directly inferior
to the premolar teeth, posterolateral to the mental tuber-
cle, anterior to the oblique line, and approximately mid-
line to the patient’s pupil. You may feel a small convexity
and some bone irregularity — these are consistent with
the texture of the mental foramen. This may feel slightly
uncomfortable for the patient as the mental nerve is
compressed.

6. Once the mental foramen is located, either maintain a
finger or mark the skin on its position.

7. Given that the mental foramen is angulated anteroinferi-
orally, the barrel and needle of the anesthetic syringe
should be anterolateral to the mental foramen in order to
advance the needle in a perpendicular direction to the
foramen; this is to prevent over-insertion of the needle
into the foramen.

8. With a 25- or 27-gauge needle, puncture the skin and
advance the needle until the needle touches the bone.
The bevel should be facing the mental foramen and the
needle tip should be touching the body of the mandible
immediately adjacent to the mental foramen (Fig. 4.11).

9. Perform an aspiration maneuver to ensure that the tip of
the needle is not intravascular.

10. Following a negative aspiration maneuver, deposit
0.5-1 mL of local anesthetic into the foramen over a
minimum of 30 s while concurrently applying digital
pressure on the foramen. This pressure should be main-
tained for a minimum of 1 min and both prevents hema-
toma formation and may aid in the propagation of local
anesthetic further into the foramen.

11. Wait for a minimum of 3 min before observing whether
the patient is experiencing subjective signs of anesthesia
(tingling/numbness of the anterior portion of the ipsilat-
eral lip).

Fig.4.11 Entry point for mental nerve block

Field Block for the Ear

The ear receives cutaneous innervation from multiple sources
with the primary supply coming from the great auricular and
auriculotemporal nerves. The great auricular nerve origi-
nates from anterior rami of spinal nerves C2,3. As it ascends
toward the ear it crosses the sternocleidomastoid muscle and
angle of the mandible toward the inferior ear. The great
auricular nerve innervates the skin over the angle of the man-
dible, the medial surface (“back’) of the ear, and the lobule,
helix, and antihelix of the lateral surface (“front”) of the ear.
The auriculotemporal nerve is a branch of V; that supplies
the skin of the tragus and concha at the anterior ear.

The skin of the concha and external acoustic meatus is
innervated by the auricular branch of vagus (cranial nerve X)
with contributions from the facial nerve (cranial nerve VII)
(Fig. 4.12).

The concept of field block is to provide circumferential
doses of local anesthetic with the intent of blocking multiple
nerves at once [4]. As such, a larger area around the structure
in question, in this case the ear, will need to be prepared with
an alcohol or prep pad. The local anesthetic should be depos-
ited subcutaneously in a diamond pattern around the ear
(Fig. 4.13), making sure to aspirate with each injection. Care
should be taken to ensure that the injections anterior to the
ear, in the pretragal area, should be subdermal to avoid injury
to the facial nerve [5].

Field Block for the Nose

Most of the skin of the external nose is innervated by
branches of V. External nasal nerve supplies the dorsum of
the nose to the apex while the infratrochlear nerve supplies
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Fig. 4.12 Innervation to the skin of the external ear. The auriculotem-
poral nerve innervates the tragus and the anterior aspect of the concha
and helix (yellow). The great auricular nerve innervates skin of the
medial surface of the ear, the lobule, and posterior aspect of the helix
(green). The lesser occipital nerve supplies the skin behind the ear
(blue) and the auricular branch of vagus and facial nerve contribute to
sensation to the skin of the concha (black dots)

the root. The skin of the lateral nose and nares are innervated
by nasal branches of the infraorbital nerve, a branch of V,
(Fig. 4.1).

Prepare the field with an alcohol prep pad in the area
around the nose. In order to perform a nasal field block,
begin by injecting the area of the nasiolabial fold lateral to
the ala on one side, noted by the dot on Fig. 4.14. Continue
injecting, aspirating before each injection, superiorly to the
bridge of the nose and inferiorly from the initial point to the
philtrum and terminate just before the midline. Repeat the
same process on the contralateral side. The outline form is
triangular (Fig. 4.14). The tip of the nose will usually require
a separate direct injection and anesthetic without vasocon-
strictor must be used for this area [4]. Fig. 4.14 Field block for the nose
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Summary

Knowledge of regional anatomy allows the healthcare prac-
titioner to provide local anesthesia in a safe and effective
manner. Many of these techniques can be performed transfa-
cially as described above or via intra-oral techniques
described elsewhere in this section. To reduce the chance of
infection, the skin should be prepped prior to any injection.

References

1. Ashwini L, Mohandas Rao K, Saran S, Somayaji S. Morphological
and morphometric analysis of supraorbital foramen and supraorbital
notch: a study on dry human skulls. Oman Med J. 2012;27(2):129-
33. https://doi.org/10.5001/0m;j.2012.27.

2. Silverman S. Periorbital nerve blocks (supraorbital, supratrochlear,
and infraorbital nerves). In: Diwan S, Staats PS, editors. Atlas of
pain medicine procedures. New York: McGraw-Hill; 2015.

3. Takezawa K, Ghabriel M, Townsend G. The course and distribu-
tion of the buccal nerve: clinical relevance in dentistry. Aust Dent J.
2018;61(1):66-71.

4.Tsai T, Gadsden J, Connery C. Chapter 12. Local infiltration anes-
thesia. In: Hadzic A, editor. NYSORA textbook of regional anesthe-
sia and acute pain management. New York: McGraw-Hill; 2007.

5.Zuber T, Mayeaux E. Atlas of primary care procedures. 2nd ed.
Philadelphia: Lippinicott Williams & Wilkins; 2004. p. 167-9.


https://doi.org/10.5001/omj.2012.27

®

Check for
updates

Cervical (Neck) Local Anesthesia

Techniques

Hannah Herriott, Kyle Robertson, and Benjamin Noblitt

Introduction

Many cosmetic procedures are performed in the office set-
ting with or without a light sedation. These procedures can-
not be performed without local anesthesia, thus making local
anesthesia critical to the clinician. Fortunately, local anesthe-
sia of the neck can be a very straightforward process. The
majority of cosmetic procedures involving the neck revolve
around the skin and its associated superficial structures. This
makes anesthetizing it rather easy if the practitioner has a
basic understanding of the anatomy and a familiarity with
local anesthesia techniques.

Armamentarium

» Sterile towels

* 4-in. x 4-in. gauze pads

e 20-mL syringe

e Sterile gloves

e Marking pen

e 1.5 or 2 inch (5 cm) 25 gauge hypodermic needle

¢ Local anesthetic of choice (to be discussed later in this
chapter)
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Superficial Cervical (C2, C3) Block

Anatomy of the Cervical Plexus
and Dermatome Distribution

The cervical plexus is comprised of the anterior primary rami
of cervical spinal nerves C1-C4. After exiting the interven-
tricular foramina, the anterior primary rami (C2—4) pass pos-
terior to the vertebral artery and vein within the gutter formed
by the anterior and posterior tubercles of the corresponding
transverse processes. The first cervical spinal nerve (Cl)
passes inferior to the vertebral artery as it emerges between
the occipital bone and C1 vertebra (atlas). As the C2—4 ante-
rior primary rami continue their course, they emerge between
prevertebral muscles. The prevertebral muscles which are
located anterior to the nerves to which attach to the anterior
tubercle are the longus colli, longus capitis, anterior scalene,
rectus capitis anterior, and rectus capitis lateralis. The prever-
tebral muscles which are located posterior and attach to the
posterior tubercle are the levator scapulae, longissimus cervi-
cis, and middle scalene. The prevertebral fascia investing the
muscles and tendons creates a perineural sheath around the
plexus, which facilitates the anatomic relationship for nerve
block to this area. This prevertebral fascia is the structure
which the superficial branches pierce to provide sensory
innervation to the respective dermatomes.

The anterior rami from spinal levels C2—4 divide into
ascending and descending branches, which then unite with
an adjacent spinal nerve to form loops of the cervical plexus.
The C1 spinal nerve does not usually exhibit ascending and
descending branching. These loops give rise to both anterior
and deep branches. The superficial branches of the loops are
cutaneous (sensory) branches to their respective dermatome.
The deep branches are motor branches which include the
nerve roots of the phrenic nerve and the ansacervicalis,
which supplies the infrahyoid muscles. This anatomic divi-
sion of the superficial and deep branches is what allows for
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selective blocking of the superficial cutaneous branches
without blockade of the deep motor branches.

The superficial (cutaneous) branches of the cervical
plexus course posterior of the internal jugular vein and deep
to the sternocleidomastoid (SCM) muscle before piercing
the deep fascia and emerging at the posterior edge, approxi-
mately one-third the length down the sternocleidomastoid
muscle, at the midpoint between the mastoid process and
clavicle. This area termed the sensory nerve point of the neck
(Erb’s point) is approximately at the level of the transverse
process of the C5 vertebra. The superficial branches include
the lesser occipital (C2), great auricular nerves (C2-3),
transverse cervical nerves (C2-3), and the supraclavicular
nerves (C3-4) (Fig. 5.1).

The lesser occipital nerve courses superiorly from the
nerve point of the neck along the posterior border of sterno-
cleidomastoid in a direction toward the external occipital
protuberance, supplying the skin of the neck and scalp poste-
rior and superior of the auricle. The great auricular nerve, the
largest of the ascending branches, courses vertically at an
oblique angle across the sternocleidomastoid muscle toward

4

Fig. 5.1 Sensory nerves of the neck. Anterior is toward the top of both
images and the oval indicates the sensory nerve point of the neck (Erb’s
point). P platysma, C clavicle, SCM sternocleidomastoid muscle, ExJ
external jugular vein, TCN transverse cervical nerve, GAN great auric-
ular nerve, SCNN supraclavicular nerves, and AN accessory nerve

the inferior aspect of the parotid gland deep to the platysma
muscle, where it innervates the skin over the parotid, mastoid
process and posterior auricle. The transverse cervical nerve
curves around the sternocleidomastoid muscle passing ante-
riorly and horizontal as well as deep to both the external
jugular vein and the platysma muscle supplying the anterior
cervical region. There has been documentation of anastomo-
sis between the branches or the transverse cervical nerve and
branches of the facial nerve, specifically the cervical and
marginal mandibular branches of the facial nerve. The supra-
clavicular nerves emerge from the nerve point of the neck as
a common trunk and descend deep to the platysma in an infe-
rior lateral direction toward the clavicle. Often it will branch
into three major branches supplying skin overlying the
shoulder, clavicle, and the superior aspect of the chest
(Fig. 5.1).

The motor branches of the cervical plexus are located
deep to the prevertebral fascia, in contrast to the cutaneous
branches, which pierce this fascia and are thus superficial. As
spinal nerve C1 is motor only, it courses with the hypoglos-
sal nerve through the lateral cervical region to innervate both
the geniohyoid and thyrohyoid muscles and continues as the
superior root of the ansacervicalis. The inferior root of the
ansacervicalis is formed by contributions of C2-3, thus
forming a loop, which lies either embedded within or just on
the anterior surface of the carotid sheath. The remaining
infrahyoid muscles, the omohyoid, sternohyoid, and sterno-
thyroid, are innervated by the ansacervicalis. Additionally,
the deep motor branches also supply innervation to the afore-
mentioned muscles attaching to the anterior and posterior
tubercles of the cervical vertebra transverse processes
(Fig. 5.2).

The spinal accessory nerve (CN XI), although not a part
of the cervical plexus, is a motor nerve that innervates both
the SCM and the trapezius and must be mentioned due to its
relationship with the cervical plexus. Its course through the
lateral cervical region is in a posterior-inferior direction deep
to the SCM and often emerging just superior of the nerve
point of the neck. The spinal accessory nerve is often located
within or deep to the investing layer of the deep cervical fas-
cia (Fig. 5.3).

Technique for Superficial Cervical Block
The superficial cervical nerve block is a widely used tech-
nique for anesthetizing the superficial neck and associated
structures. It is commonly used for superficial biopsies, scar
revisions, etc. As implied by the name, the superficial
approach only anesthetizes the superficial structures of the
neck. A deep approach to the cervical plexus is not often
needed for superficial cosmetic procedures and thus is not
covered in this chapter [1, 2].

Historically, there are two general approaches, the deep
and the lateral. The lateral approach is safe, effective, and
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Fig. 5.2 Anatomy of the ansacervicalis. View is from the left side,
anterior is toward the top of both images. SHM sternohyoid muscle,
STM sternothyroid muscle, THM thyrohyoid muscle, AC ansacervica-

lis, CS carotid sheath, TG thyroid gland, STA&V superior thyroid
artery and vein, CCA common carotid artery, IR inferior root of ansa-
cervicalis, SR superior root of ansacervicalis, and IJV internal jugular 5
vein

Fig.5.3 Relationship of the spinal accessory nerve (CN XI) to the sen-
sory nerves of the neck. SCM sternocleidomastoid muscle, C clavicle,
TCN transverse cervical nerve, EJV external jugular vein, SCNN supra-
clavicular nerves, GAN great auricular nerve, and AN spinal accessory
nerve (CN XI)

well tolerated and thus will be the approach discussed here.
The superficial cervical block can also be performed with
ultrasound or based on anatomical landmarks. Data have
shown that both the ultrasound and the landmark approaches
are equally effective with no delay in surgical or anesthesia
time. Consequently, this chapter will focus on the landmark-
based approach [3-6].

. Lay the patient supine and turn their head away from the

side being blocked (Fig. 5.4).

. Prep the skin with any skin prep of your choice — e.g.,

alcohol pad and chlorhexidine. Be sure to prep in the
center and work your way out using the standard steril-
ization technique. After preparation, drape the patient
(Fig. 5.5).

Palpate and mark the mastoid process. The process is
wide and bony hard. It is sometimes easier to palpate
when the patient is slightly lifting their head. This will
allow you to follow the path of the SCM to its insertion to
the mastoid process (Fig. 5.6).

Palpate and mark Chassaignac’s tubercle. Chassaignac’s
tubercle is the prominent transverse process of the sixth
cervical vertebra (C6). This is found by palpating lateral
and posterior to the clavicular head of the sternocleido-
mastoid muscle at the level just below the cricoid carti-
lage (Fig. 5.7).

Mark the midpoint between these landmarks. This is
where the four nerves (lesser occipital, greater auricular
nerve, transverse cervical nerve, and the supraclavicular
nerves) emerge from behind the sternocleidomastoid
muscle and thus will be the injection site (Fig. 5.8).

. Note the area of the jugular vein and try to avoid it. Inject

4-5 mL at a depth of half the width of the sternocleido-
mastoid muscle or approximately 2 cm. Next, withdraw
the needle and then inject another 3—5 mLin a subcutane-
ous plane at a depth of about 3—4 cm aiming caudad along
the posterior border of the muscle. Follow this by inject-
ing another 3-5 mLin a subcutaneous plane at a depth of
about 3—4 cm aiming cephalad along the posterior border
of the muscle. These injections form a fan pattern to
ensure that all four main nerves are adequately anesthe-
tized. As always, aspirate prior to injecting (Figs. 5.9,
5.10, and 5.11).

Place Pressure over the injection site for hemostasis and
dress as needed.

Monitor the patient for appropriate block and if the patient
does not exhibit anesthesia, consider repeating the proce-
dure as needed.
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Fig.5.4 The anatomical
landmarks: The
sternocleidomastoid muscle
(SCM), external jugular vein
(EJ), and the superficial
cervical plexus

Fig. 5.5 Sterile preparation of the skin. Note that site preparation
should be performed prior to draping the patient. The drapes were
placed here in order illustrate this aspect of the procedure

Fig. 5.6 The mastoid process being palpated

External Jugular Vein

Sternocleidomastoid Muscle

Superficial Cervical Plexus

Tips:

e Always consider this a sterile process. When prepping the
skin, be sure to prep wider than you think you will need to
be. Also consider using sterile blue towels to drape the
area to allow you to rest your hands in the field for more
stable and controlled injections.

e Laying the patient flat helps with identifying the jugular
vein as well as allowing for more controlled injection.
When aiming caudad, be sure to aspirate while advancing
the needle as not to inject the external jugular vein.

¢ Remember, this is aimed at blocking sensation, not motor
function so the patient will still be able to raise their head
[2,3,7].

Mental Nerve Block
Anatomy of the Trigeminal Nerve (CN V)

The largest and most complex of the cranial nerves, the tri-
geminal nerve (CN V), contains sensory and efferent motor
fibers as well as aiding in the distribution of the autonomic
nervous system, specifically the parasympathetic division to
head and neck structures. Somatic afferent fibers relay infor-
mation of pain, temperature, and light touch from the skin of
the face, mucosal linings of the nose and mouth, teeth, and
the anterior two-thirds of the tongue. The visceral motor
fibers innervate derivatives of the first pharyngeal arch struc-
tures as well as carry proprioceptive impulses to aid in the
process of mastication. As parasympathetic fibers arise from
the oculomotor (CN III), facial (CN VII), and glossopharyn-
geal (CN IX) nerves, the respective fibers will travel with
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Fig. 5.7 The location of the
mastoid process and cricoid
cartilage are shown to help

in locating Chassaignac’s
tubercle (transverse process of

Co6)
Cricoid
Cartilage
Mastoid
Process

Fig. 5.8 Location of the

injection point based on the

anatomical landmarks of the

neck
Cricoid
Cartilage
Mastoid
Process

Fig. 5.9 Injection into the

main stem of the superficial

cervical plexus
Cricoid
Cartilage
Mastoid
Process

Ch ignac’s

Tubercle

Chassaignac’s
Tubercle
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Fig.5.10 Injection into the
subcutaneous tissues while
aiming for the caudad

Cricoid
Cartilage

Fig.5.11 Injection into the

subcutaneous tissues while

aiming for the cephalad
Cricoid
Cartilage
Mastoid
Process

nerves of the trigeminal nerve to synapse with the otic, sub-
mandibular, sphenopalatine, ciliary, pterygopalatine
ganglion.

As the roots arise from the brainstem at the mid-pontine
level, they travel along the petrous portion of the temporal
bone to form the trigeminal sensory ganglion (Gasserian).
The trigeminal sensory ganglia comprise of pseudounipolar
neurons with the central processes constituting the sensory
and the peripheral processes forming the three divisions of
the trigeminal nerve: ophthalmic (CN V), maxillary (CN
V,), and mandibular (CN V;). The trigeminal ganglion
resides in a recess often referred to as Meckel’s cave, within
the middle cranial fossa at the posterior aspect of the cavern-
ous sinus. The motor root travels past the trigeminal gan-
glion, and then will merge with the mandibular division (CN
V), the only division to contain motor fibers.

In the following, the sensory innervation for each of the
three divisions of the trigeminal nerve will be discussed in

Chassaignac’s
Tubercle

turn with a more complete description of the terminal
branches, the mandibular division (CN V3). The ophthalmic
division (CN V), which exits the skull through the superior
orbital fissure, is purely sensory in function, with the termi-
nal branches supplying innervation of mucosa of the frontal
sinus, skin, and conjunctiva of the middle of superior eye-
lid, skin, and pericranium of the anterolateral forehead and
scalp to the interauricular line, skin of nasal ala, vestibule,
and dorsum of the nose. The maxillary division (CN V,)
exits the skull through foramen rotundum in the base of the
greater wing of the sphenoid, where it enters the pterygo-
palatine fossa, providing branches to the pterygopalatine
ganglion. The course continues anteriorly through the infe-
rior orbital fissure where the purely sensory terminal
branches provide innervation to their respective areas.
Regions innervated by the maxillary division (CN V,) are
the mucosa of the maxillary sinus, skin, and conjunctiva of
the inferior eyelid, maxillary canine and premolar teeth,
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skin, and oral mucosa of the superior lip and the skin on the
prominence of the cheek.

As the largest and most inferior division of the trigeminal
nerve, the mandibular division (CN V3) contains both sen-
sory and motor functions. It exits the skull via the foramen
ovale at the greater wing of the sphenoid bone. Once exiting
the skull, the combined motor and sensory trunk give off a
small nerve the nervus spinosus, which travels with the mid-
dle meningeal artery through the foramen spinosum to pro-
vide sensory innervation to portions of the anterior and
middle cranial fossa. The mandibular nerve will then divide
into anterior and posterior trunks.

The anterior trunk is smaller and gives rise to muscular
branches providing motor innervation to the masseter, tem-
poralis, and lateral pterygoid muscles, all of which are mus-
cles of mastication. Also, from the anterior trunk arises the
pure sensory nerve; the buccal nerve (long buccal nerve) is
not to be confused with the buccal branch of the facial nerve,
which provides motor innervation to the buccinator muscle.
As the buccal nerve arises in the infratemporal fossa, its
course will take it between the two heads of the lateral ptery-
goid and it emerges anteriorly from the protection of the
ramus of the mandible. The buccal nerve innervates the skin
and mucosa overlying the anterior portion of the buccinator
muscle.

Larger than the anterior trunk, the posterior trunk of the
mandibular division is predominantly sensory with few
motor fibers and gives rise to the auriculotemporal, lingual,
and the inferior alveolar nerves. The inferior alveolar nerve
continues as the mental nerve and the incisive nerve. The
auriculotemporal nerve is comprised of two roots from the
posterior trunk, which often encircle the middle meningeal
artery prior to the artery entering the skull via the foramen
spinosum. As the nerve passes laterally, it will pass deep to
the neck of the mandible and between the temporomandibu-
lar joint and the external acoustic meatus. At the superior
lobe of the parotid gland, it supplies the connective tissue
sheath surrounding the parotid gland. Also, the parasympa-
thetic fibers arising from the glossopharyngeal nerve via the
lesser petrosal nerve innervate the parotid gland travel with
the auriculotemporal nerve to arrive at the parotid gland.
Areas innervated by the auriculotemporal nerve are the skin
anterior to the auricle, posterior two-thirds of temporal
region, skin of tragus and adjacent helix of auricle, skin at
the roof of the external acoustic meatus, and skin of the supe-
rior tympanic membrane.

The lingual nerve is located anterior to the inferior alveo-
lar nerve, and its course to the mouth is between the medial
pterygoid muscle and the ramus of the mandible. As it passes
anteriorly under the cover of the oral mucosa, it is medial and
inferior to the third molar. Also, as the lingual nerve courses
anterior, it will pass deep to the submandibular duct. The
chorda tympani nerve, arising from the facial nerve (CN

VII), joins the lingual nerve in the infratemporal fossa, which
conveys parasympathetic innervation to the submandibular
and sublingual glands as well as carrying taste fibers from
the anterior two-thirds of the tongue. Areas to which the lin-
gual nerve provides sensory information are the anterior
two-thirds of the tongue, floor of the mouth, and the lingual
gingiva (Fig. 5.12).

Lastly, the inferior alveolar nerve enters the mandibular
foramen and courses through the mandibular canal. Prior to
the inferior alveolar nerve entering the mandibular foramen,
the nerve to the mylohyoid muscle branches off and runs in
the mylohyoid groove on the medial aspect of the mandibu-
lar ramus, en route to provide motor innervation to the mylo-
hyoid muscle and the anterior belly of the digastric. As the
inferior alveolar nerve passes through the mandibular canal,
it sends branches to all mandibular teeth on the nerves on
respective side. Often, as the inferior alveolar nerve
approaches the mental foramen, it will form a loop anterior
to the mental foramen prior to exiting this foramen, termed
the anterior loop. The anterior loop is important to recognize

Fig. 5.12 Pathway of the mandibular division of the trigeminal nerve
(CN V,;) through the infratemporal fossa. View is from the right side;
the middle portion of the ramus of the mandible (M) has been removed.
CorP coronoid process, T temporalis muscle, CP condylar process,
RMYV retromandibular vein, LN lingual nerve, IAN inferior alveolar
nerve, IAA inferior alveolar a., and CT chorda tympani



48

H. Herriott et al.

when performing endosseous implants as to not damage this
structure. The location of the mental foramen is variable by
race, sex, dental status along with other factors, but most
often it is located in the mid-pupillary line, apical to the sec-
ond premolar. The nerve exiting the mental foramen is the
mental nerve which provides sensory of the skin and mucous
membrane of the lower lip, skin of the chin, and the vestibu-
lar gingiva if the mandibular incisive teeth. After the mental
nerve exits, the continuation of the inferior alveolar nerve is
the incisive nerve, coursing in the incisive canal. The incisive
nerve innervated the teeth anterior to the mental foramen,
usually the premolars and central incisors (Fig. 5.13).

Technique for the Mental Nerve Block

The mental nerve block is one of the most common blocks
performed on the face. The combined simplicity and efficacy
of this block make it readily used. There are two general
approaches to the mental nerve block, the transoral and the
transcutaneous approaches. Both will be covered in this
chapter.

The mental foramen is the target of the mental nerve
block. As mentioned above, there is usually only one fora-
men found just apical to the second premolar, about halfway
between the alveolar crest and the inferior border of the man-
dible in dentate patients. If the patient is edentulous, it can be
found about 1 cm from the inferior border of the mandible.
This is the target of both the transoral and the transcutaneous
approaches [8].

Transcutaneous Approach

1. Position the patient in a comfortable and ergonomic
manner.

2. Prep the skin with any skin prep of your choice — e.g.,
alcohol pad and chlorhexidine as noted in the superficial
cervical block.

3. Mark the skin 1 cm from the inferior border of the man-
dible in line with the mid-pupillary line. To verify the
position, you can palpate this area while retracting the
buccal tissues with a tongue blade or dental mirror in
order to visualize the position of the second premolar
(Fig. 5.14).

4. Aim the needle perpendicular to the skin and advance
until bone is palpated. If the patient experiences a shock-
like sensation, this often means the needle is in close
proximity to the mental nerve, so withdraw 1 or 2 mm
prior to delivering the anesthetic. The tip of the needle
should be between the apices of the premolars. The men-
tal foramen is often apical to the second premolar, but this
author would recommend erring toward the mesial or the

Fig.5.13 Pathway of the lingual nerve through the infratemporal fossa
and termination as the mental nerve. Both images are right side views.
In the top image, superior is toward the left; in the bottom image, supe-
rior is toward the top. M mandible, LN lingual nerve, IAN inferior
alveolar nerve, IAA inferior alveolar artery, MA maxillary artery, and
MN mental nerve

Fig. 5.14 Palpating the inferior border of the mandible and placing a
mark 1 cm from the inferior border along the mid-pupillary line
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Fig.5.15 Injection is perpendicular to the skin. Here, the mark can be
seen placed along the mid-pupillary line about 1 cm from the inferior
border of the mandible

first premolar when in doubt. Erring on the side of the
mesial will allow for a more effective block than erring on
the distal due to the path of the nerve fibers being anesthe-
tized. Once positioned, aspirate to verify no entry into a
vascular structure and then deliver 1-3 mL of local anes-
thetic (Fig. 5.15).

5. Place pressure over the injection site for hemostasis and
dress as needed. Massaging the area may also help dis-
tribute the anesthetic as well. There is debate if this helps
the anesthetic work quicker, but many patients tend to
appreciate the gesture.

6. Monitor the patient for appropriate block and if the patient
does not exhibit anesthesia, consider repeating the proce-
dure as needed.

Tips:

e The most common complication with this injection is
often injecting into the oral cavity. Verifying the position
of the needle can help prevent this.

e If a shock is felt, withdraw the needle slightly and inject,
even if you do not feel the bone. The reason is that it is
possible to enter the mental foramen with the needle. This
could potentially cause damage to the nerve if the needle
is advanced into the foramen [9, 10].

Transoral Approach
1. Position the patient in a comfortable and ergonomic
manner.

2. It is up to the practitioner if they choose to use a topical

anesthetic such as benzocaine. The efficacy of this is
debatable, but many patients prefer to use it, even if it is
for placebo. If it is used, place it in the vestibule lateral to
the premolars as directed by the manufacturer.

. Retract the buccal mucosa and place light tension on the

mucosa. The tension helps the needle pass through the
tissue easier and will help cause less discomfort to the
patient. Often, the branches of the mental nerve can also
be visualized through the tissue [9].

. Aim the needle at the depth of the vestibule, entering the

mucosa just lateral to the root of the first premolar and
advance ~5 mm. If the patient experiences a shock-like
sensation, this often means the needle is in close proxim-
ity to the nerve, so withdraw 1 or 2 mm prior to delivering
the anesthetic. Due to the angle of injection, the tip of the
needle will be near the apex of the second premolar. As
mentioned previously, erring on the side of the mesial
will allow for a more effective block than erring on the
distal. Once positioned, aspirate to verify no entry into a
vascular structure and then deliver 1-3 mL of local anes-
thetic (Fig. 5.16).

Fig. 5.16 The purple mark approximates the area of the mental fora-
men. The needle can be seen aiming for this foramen by entering the
mucosa lateral to the root of the first premolar
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5. As noted previously, massaging the area may also help
distribute the anesthetic as well. There is debate if this
helps the anesthetic work quicker as well.

6. Monitor the patient for appropriate block and if the patient
does not exhibit profound anesthesia, consider repeating
the procedure as needed.

Tips:

*  When injecting, the tissue is soft and generally mobile.
Because of this, it is common to see the tissue swell dur-
ing injection. This is normal and massaging this will often
cause the local anesthetic to diffuse into the tissue,
decreasing the swelling.

e This is not a sterile injection, and thus does not require the
use of any sterile prep [9, 10].

Chondrolaryngoplasty

Chondrolaryngoplasty, or thyroid cartilage reduction, is one
of the procedures that may be offered to transfeminine
patients [11]. This procedure is not included elsewhere in
this book; so, for the sake of completeness, the anatomy of
the region is included here. Thyroid cartilage reduction, and
even augmentation, can be performed on an outpatient basis
using the local anesthetic techniques described above.

Anatomy of Larynx

The larynx is innervated primarily by branches off of the
vagus nerve (CN X) with both parasympathetic and sympa-
thetic contributions. Four paired nuclei in the medulla oblon-
gata are associated with the vagus nerve. Special and visceral
afferent input is received by the solitary nucleus, whereas
deep or crude touch sensation, including sensory information
from the mucosa of the larynx, is transmitted through the
vagus nerve to the spinal trigeminal nucleus. Preganglionic
parasympathetic fibers of the vagus nerve arise from the dor-
sal nucleus of the vagus nerve as well as the nucleus ambig-
uus. Meanwhile, the postganglionic sympathetic fibers
innervating the larynx originate in the sympathetic chain
(also commonly referred to as the sympathetic trunk) and
join a branch off of the vagus nerve within the neck.
Arising from the medulla oblongata, the vagus nerve
ascends toward the jugular foramen between the pyramid
and the inferior cerebellar peduncle on each side of the
brainstem. Both the vagus nerve and internal jugular vein
exit the base of the skull through the jugular foramen,
before passing into the carotid sheath within the neck. The
carotid sheath descends down the length of the neck ante-
rior to the anterior scalene muscle and just lateral to the

laryngopharynx, which terminates between the levels of C5
and C6 to give rise to the trachea anteriorly and the esopha-
gus posteriorly. Within the carotid sheath, the vagus nerve
is located posteromedially to the internal jugular vein and
posterolaterally to the internal and later common carotid
artery. Afferent sensory and efferent motor innervation to
the larynx are provided by two branches off of the vagus
nerve, namely the superior laryngeal nerve, which bifur-
cates into the internal and external laryngeal nerves, as well
as the recurrent laryngeal nerve.

The superior laryngeal nerve branches off of the vagus
nerve in the middle of the inferior ganglion of the vagus
nerve distal to the jugular foramen at the base of the skull. As
the superior laryngeal nerve courses inferiorly toward the
thyrohyoid membrane, it receives sympathetic fibers from
the superior cervical ganglion. Before reaching the postero-
lateral portion of the thyrohyoid membrane, the superior
laryngeal nerve bifurcates into external and internal laryn-
geal nerves; it is worth noting that the former branch is con-
siderably smaller than the latter. The thyrohyoid membrane
spans the anterolateral larynx between the inferior border of
the hyoid at C3 and the superior border of the thyroid carti-
lage at C4. Both the hyoid bone and the laryngeal promi-
nence (or “Adam’s apple”) can serve as palpable landmarks
for both branches of the superior laryngeal nerve, which are
located roughly midway between the posterior aspects of
these structures.

Approximately 1-5 cm anterior to the greater horn of the
hyoid, the smaller external laryngeal and larger internal
laryngeal nerves diverge. The external laryngeal nerve con-
tinues inferiorly along the lateral aspect of the larynx, super-
ficial to the inferior pharyngeal constrictor muscle and
anterior to the superior portion of each lobe of the thyroid
gland toward the cricothyroid muscle, which it innervates.
Only the cricothyroid muscle is innervated by the external
laryngeal nerve; all other intrinsic laryngeal muscles are
innervated by the recurrent laryngeal nerve.

Rather than descending down the outside of the larynx
with the external laryngeal nerve, the internal laryngeal
nerve pierces through the thyrohyoid membrane along with
the superior laryngeal artery and vein. Upon entering the lar-
ynx, the internal laryngeal nerve descends down the supra-
glottic and transglottic spaces (also referred to as the
laryngeal vestibule and intermediate laryngeal -cavity).
Sensory information from the vestibular (false) folds, laryn-
geal ventricles, and to some extent the true vocal folds is
transmitted by the internal laryngeal nerve to the brainstem
for integration. While the internal laryngeal nerve can pro-
vide sensory innervation to the true vocal folds and laryngeal
structures that are inferior to the folds, sensations from
laryngeal structures at or below the true vocal folds are pri-
marily perceived by the recurrent laryngeal nerve’s afferent
fibers (Fig. 5.17).
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Fig. 5.17 External anatomy of the larynx. View is from the left side;
superior is toward the right. THM thyrohyoid muscle, LP laryngeal
prominence of the thyroid cartilage, CTM cricothyroid muscle, TG thy-
roid gland, C1 branches from anterior ramus of the first cervical spinal
nerve innervating the thyrohyoid muscle, SLA superior laryngeal artery
piercing the thyrohyoid membrane with the external laryngeal nerve
(ExLN), AC ansa cervicalis, and IJV internal jugular vein

The right and left recurrent laryngeal nerves branch off of
the right and left vagus nerves in the thorax beneath the right
subclavian artery and aortic arch, respectively. A unique fea-
ture of the recurrent laryngeal nerves is that they lack bilat-
eral symmetry due to embryonic development, specifically
the arteries arising from the fourth pharyngeal arches. The
right recurrent laryngeal nerve loops around the right subcla-
vian artery and ascends back into the neck. The left recurrent
laryngeal nerve runs anterior to the arch of the aorta at the
ligamentum arteriosum (formerly the ductus arteriosus),
loops around the aorta, and ascends back into the neck pos-
terior to the arch. Once in the neck, both the right and left
recurrent laryngeal nerves pass posterior to the lobes of the
thyroid gland, drive deep to the inferior pharyngeal constric-
tor muscle, and pierce then enter the larynx through the
inferolateral portion of the cricothyroid ligament, which
spans the anterior surface of the larynx between the inferior
border of the thyroid cartilage and the superior border of the
cricoid cartilage. The superior border of the cricoid cartilage,
roughly located at the level of C6, and the superior aspect of
the lobes of the thyroid gland are palpable landmarks for the
recurrent laryngeal nerve as it approaches the cricothyroid
ligament. The recurrent laryngeal nerve pierces this ligament
approximately 3 cm above the superior aspect of the thyroid
gland.

Afferent sensory fibers from the recurrent laryngeal nerve
innervate the true vocal folds and the laryngeal structures of
the subglottic space (also known as the infraglottic cavity)
spanning from the true vocal folds to the inferior border of
the cricoid cartilage. The recurrent laryngeal nerve can also
provide sensory innervation to structures above the true

vocal folds, which are primarily innervated by afferent inter-
nal laryngeal nerve fibers. Efferent motor fibers from the
recurrent laryngeal nerve will innervate five of the intrinsic
laryngeal muscles, namely, the vocalis, thyroarytenoid,
transverse arytenoid, posterior cricoarytenoid, and lateral
cricoarytenoid muscles. Recall that the cricothyroid muscle
is the only laryngeal muscle innervated by the external laryn-
geal nerve, off of the superior laryngeal nerve, rather than the
recurrent laryngeal nerve. Motor innervation from the recur-
rent laryngeal nerve is solely responsible for the actions of
abduction and adduction of the true vocal folds, whereas the
act of tightening the folds is achieved by the recurrent laryn-
geal nerve functioning in tandem with the help of the exter-
nal laryngeal nerve. The terminal, efferent branch of the
recurrent laryngeal nerve is occasionally referred to as the
inferior laryngeal nerve.

Summary

Local anesthesia of the neck is a simple, safe, and effective
tool for the cosmetic surgeon. Knowing the basic techniques
provides the clinician essential tools for their profession.
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Management of Local Anesthetic

Complications

Ross Camiel, Samuel Roh, and Christy Lottinger

Introduction

Local anesthetics are frequently administered in dentistry
and oral surgery, and as a result are expected to be a potential
source of drug-related complications. The statistics regard-
ing incidence of complications from administration of local
anesthesia are not well documented but may be anywhere
from 4% to 26% [27, 36]. In 1997, a study by Daublander
etal. of 2731 patients evaluated by questionnaire after receiv-
ing local anesthesia reported a 4.5% overall incidence of
complication, 0.07% of which were severe adverse events.
Although local anesthetics have been widely accepted as
safe, effective, and consistent in the fields of dentistry and
oral surgery, this chapter will explore the potential complica-
tions of their administration and appropriate strategies for
management.

Systemic Complications
Psychogenic Reactions

In the setting of local anesthesia administration, psychogenic
reactions occur most commonly. Psychogenic reactions will
most likely manifest as syncope, “fight or flight response,”
and cutaneous flushing. Cutaneous flushing can be observed
as spontaneous onset erythema of the lower face, anterior
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neck, and chest, and is thought to result from vasodilation of
cutaneous vessels [43]. In the anxious patient, fear concern-
ing the procedure can trigger a sympathetic response, lead-
ing to physiological alterations. The provider can expect
changes in heart rate, respiratory rate, and blood pressure
during a psychogenic episode.

Local Anesthetic Toxicity

Local anesthetic toxicity is exceptionally rare; however, the
true incidence of overdose is not well documented in the lit-
erature. The FDA (Food and Drug Administration)- and
ADA (American Dental Association)-guided maximum dos-
ages of local anesthetics are generally weight based and for-
mulated for “average” patient parameters. Suggested
manufacturer dosages (Table 6.1) do not include specific
patient considerations and special populations; therefore, it
is possible for patients to exhibit signs of overdose at less-
than-expected maximum dosages. During administration of
local anesthesia, overdose may occur even when adminis-
tered with appropriate dosage and technique. Even when
technique was believed to be ideal, intra-arterial injections
increase the potential risk for toxicity.

Special populations, such as the medically compromised,
young, elderly, or pregnant, require additional oversight for
signs and symptoms of toxicity. Potential for alteration in
absorption, metabolism, excretion, and plasma protein bind-
ing of the drug must be considered prior to administration.
Cardiovascular, hepatic, and renal dysfunction increases the
incidence of local anesthesia toxicity. In pregnant patients, it
has been suggested that higher cardiac output and reduction
in protein binding may predispose the patient to toxicity at
lower dosages of local anesthesia [9].

Local anesthetic toxicity may initially present with symp-
toms such as tinnitus, lightheadedness, and tingling sur-
rounding the oral cavity [43]. During this phase, the patient
will exhibit primarily excitatory effects, such as
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Table 6.1 Manufacturer’s maximum recommended dosages

Maximum
dose

Cartridge

size Maximum

(mg) (mg/ | (mg/
Local anesthetic kg) Ib) dose (mg)
2% Lidocaine with
1:100,000
Epinephrine 36 7 32 500
3% Mepivacaine 54 6.6 3 400
2% Mepivacaine with
1:20,000
Levonordefrin 36 6.6 3 400
49 Prilocaine 72 8 3.6 | 600
4% Prilocaine with
1:200,000
Epinephrine 72 8 3.6 | 600
0.5% Bupivaeaine with
1:200,000
Epiepnhrine 9 2 0.9 90
4% Articaine with
1:100,000
Epinephrine 72 7 32 500

cardiovascular and central nervous system stimulation.
Excitation in this phase can be explained by stimulation of
inhibitory neurons as the drug is absorbed systemically [16].
Hypertension, tachycardia, tremors, shivers, twitching, and
tonic-clonic convulsions may be encountered in this excit-
atory phase. Hypertension and tachycardia may also be
apparent. As toxicity progresses, the patient will demonstrate
a second phase of depression, characterized by myocardial
depression, irregular cardiac rhythms, bradycardia, and
hypotension. If overdose cannot be reversed, continued
decreases in cardiac output and central nervous system
response will lead to loss of consciousness [36]. The most
dire outcome of local anesthetic overdose is total respiratory
and circulatory collapse, which may be fatal.

The severity and magnitude of local anesthetic overdose
must be assessed prior to determining management.
Management of local anesthetic overdose in the dental or
medical office primarily includes supportive measures until
the patient can be transported to a higher facility for more
definitive treatment. Supportive measures include administra-
tion of supplemental oxygen and assessment of airway, breath-
ing, and circulation. In the event that the patient enters a
tonic-clonic state, the patient should be placed in the supine
position and protected from injuring themselves. In this case,
administration of a benzodiazepine anticonvulsant medica-
tion, such as midazolam or diazepam, is appropriate [13].
Emergency medical services should be activated, and basic
life support provided until help arrives. If the patient does not
respond favorably with supportive measures alone, lipid emul-
sion should be instituted once the patient is transferred to a

hospital setting. Infusion of a 1.5 mL/kg 20% lipid emulsion
bolus has shown to be beneficial in severe toxicity by way of
sequestering the local anesthetic away from the brain and the
heart [58]. Airway management and need for respiratory sup-
port should be continually assessed and are paramount to suc-
cessful recuperation from toxicity. No long-term complications
are commonly encountered after recovery [32].

Acquired Methemoglobinemia

Methemoglobinemia is a rare but serious complication of
local anesthetic administration. The condition is character-
ized by normal ferrous iron within hemoglobin being oxi-
dized to the nonfunctional ferric form. Iron atoms in the
ferric form have increased affinity for bound oxygen and
decreased affinity for unbound oxygen and carbon dioxide.
Therefore, ferric iron impairs normal gas exchange in periph-
eral tissues, resulting in hypoxia that is unresponsive to sup-
plemental oxygen [20].

The most common cause of acquired methemoglobin-
emia during administration of local anesthesia is application
of topical anesthetics such as benzocaine and injection of
prilocaine [46]. Most notably, the excess accumulated
metabolites of these medications account for 90% of
reported cases. Benzocaine is an ester anesthetic formula-
tion commonly found in topical anesthetics. Though com-
monly used, topical benzocaine has prompted multiple
actions by US Food and Drug Administration. In 2018, the
FDA requested manufacturers to halt marketing of over-the-
counter oral benzocaine products for use in children less
than 2 years old, and to add a methemoglobinemia warning
to benzocaine products for adults and children older than
2 years [57].

Another 2019 study produced by US Food and Drug
Administration [56] summarized adverse events attributed to
benzocaine-associated methemoglobinemia, reporting 119
US cases confirmed by medical diagnosis [29]. Additionally,
Cetacaine™ spray (14% benzocaine) and Hurricane™ spray
(20% benzocaine) have been implicated in methemoglobin-
emia when sprayed for more than 1 s, on damaged mucosa,
or in dehydrated or pediatric patients [43]. Unfortunately, the
severity of methemoglobinemia is not always well correlated
with the dose administered, but compliance with maximum
recommended doses of benzocaine and prilocaine can pre-
vent patient complications.

A diagnosis of methemoglobinemia should be highly
considered in a cyanotic patient that is unresponsive to
administration of supplemental oxygen and adequate venti-
lation. It is also important to understand that SpO2 readings
are expected to fall to 80-85% with rising levels of methe-
moglobin, but they will stabilize at this level regardless of
disease severity. Additionally, it is possible that pulse
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oximeters misinterpret fractional arterial oxygen saturation
at high levels of methemoglobin. Therefore, pulse oximetry
readings are an unreliable measure of patient prognosis. This
misinterpretation and potential false elevation of SpO2 read-
ings on pulse oximetry must always be kept in mind during
management [3].

Signs and symptoms of cyanosis include blue or purple
coloration seen on the skin, nail beds, and mucous mem-
branes of the patient [21]. The observation of chocolate-
brown colored arterial blood is a late manifestation of the
condition. The symptoms and severity of methemoglobin-
emia depends on the fraction of hemoglobin molecules oxi-
dized. Signs and symptoms become apparent at a
methemoglobin level of 15-20%, and mental status changes
such as headache, fatigue, and syncope may be noted at lev-
els of 20-30%. As the condition progresses, physiologic
signs of tachypnea, tachycardia, dysrhythmia, and seizure
may be evident at concentrations above 30% [16]. Blood lev-
els of methemoglobin above 70% are often fatal if untreated,
as lethargy and stupor ensue [54].

In mild cases of methemoglobinemia, natural enzyme
systems in the body will reduce the fraction of affected
hemoglobin. In severe and symptomatic cases, the body’s
metabolic system is overcome, requiring immediate treat-
ment. Management of methemoglobinemia requires imme-
diate administration of 1% methylene blue 1-2 mg/kg
administered over a period of 5-10 min, which can be re-
dosed after 1 h up to a maximum of 7 mg/kg [54]. Alternate
strategies for treatment include hyperbaric oxygen, charcoal,
transfusions, or hemodialysis, which are instituted if the
patient fails to respond to other measures. In special popula-
tions, such as patients with NADPH and/or G6PD deficien-
cies, methylene blue will fail as an effective management
strategy and will require alternate measures [20].

Allergy

True allergy to a local anesthetic is estimated to account for
only 1% of all adverse reactions during procedures in the
oral region, and 80-90% of these cases are allergic contact
dermatitis [16]. The majority of patient-reported experiences
of allergy to local anesthetics are typically adverse events not
related to allergy. Therefore, a careful history is pertinent in
determining a patient’s risk of adverse allergic reaction to
local anesthesia. When allergy is reported, differentiation
must be made from transient facial blushing, hematoma,
asthmatic wheezing, tachycardia from intravascular or
endogenous epinephrine, syncope, or idiosyncratic reaction
from the signs of a true allergy [43]. Also, patients have often
been told that they are “allergic” by previous providers when
in fact they exhibited signs and symptoms of epinephrine
sensitivity. In this instance, proper information gathering and

patient counseling is essential prior to proceeding with
treatment.

In cases of high suspicion, referral to an allergist is
appropriate. Intracutaneous testing has been suggested as a
strategy to identify agents that will not trigger an adverse
reaction; however, intracutaneous testing has been shown to
be of limited value in determining allergy to local anesthet-
ics due to its propensity toward both false-negative and
false-positive results [53]. Rather, a provocative “challenge”
test is performed using dilutions of suspected allergens,
which are sequentially introduced into the mucosa as the
patient is monitored for an adverse reaction. Provocative
testing is thought to be the ideal strategy to determine if an
allergic response is present [4]. However, it must be con-
ducted in close medical surveillance and in the presence of
emergency medical personnel, as it carries the risk of ana-
phylaxis. In patients who have exhibited true local anes-
thetic allergy, 1% diphenhydramine has been used as an
alternative to more traditional local anesthetic agents in
patients exhibiting true allergy, reportedly with good suc-
cess and no cross-reactivity.

The treatment protocol of true allergy to a local anesthetic
depends on the progression and severity of symptoms. If rec-
ognizable symptoms are present, all further administration of
the offending agent must be eliminated. Monitoring is essen-
tial, as it is challenging to predict the course of the reaction.
In a localized and limited skin reaction, an oral antihistamine
such as diphenhydramine 25-50 mg is the most appropriate
first-line medication. Depending on practitioner experience,
intramuscular or intravenous administration can be utilized.

The onset of cardiovascular or respiratory symptoms
prompts immediate emergency medical referral and activa-
tion of emergency medical services. To relieve broncho-
spasm, inhaled albuterol is effective in the early course of the
reaction, especially when supplemented with oxygen. If no
response is achieved, administration of intravenous isotonic
crystalloids and 0.3 mg of intramuscular epinephrine
(1:1000; 1 mg/cc) should be considered [43].

Complications with Use of Vasoconstrictor
Additives

Complications with use the use of vasoconstrictor additives
are related to adrenergic parameters of the cardiovascular sys-
tem. When accumulated in sufficient concentrations, vaso-
pressors contained in local anesthetic solutions will act on p1
receptor sites on the heart and al and p2 receptor sites on the
vasculature [43]. Adrenergic stimulation includes a1-mediated
vasoconstriction, f1-mediated increases in heart rate and con-
tractility, and P2-mediated skeletal muscle vasodilation.
Duration and magnitude of these effects are variable. Signs
and symptoms of vasoconstrictor complications include
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tremors, dizziness, palpitations, tachycardia, and hyperten-
sion. Causes of rapid vasoconstrictor uptake include iatro-
genic overdose, intravascular injection, drug interaction, or
patient sensitivity. Hemodynamic changes associated with
administration of local anesthetic compounded with adrener-
gic agents is described in the literature; however, these
changes are likely clinically relevant only in patients with
severe existing cardiovascular disease [2, 8].

In the case of intravascular injection of a small dose of
vasopressor, the patient will experience a physiologic chal-
lenge. The duration of the response will be short, as epineph-
rine is rapidly terminated by reuptake at the nerve terminal
and metabolism by catechol-O-methyltransferase (COMT).
The half-life of vasopressors in central circulation is brief;
therefore, complications are likely to manifest acutely.
Special care should be taken in patients presenting with
evolving myocardial infarction, thyroid storm, acute cocaine
intoxication, and dissection aortic aneurysms [43].

Management of vasopressor-related complications should
begin by risk versus benefit assessment concerning the limi-
tation of epinephrine-containing solution. Benefits of admin-
istering epinephrine include increased duration and
profundity of anesthesia. Risks of using epinephrine include
cardiovascular stimulation and intravascular injection.
Intraoperatively, careful injection technique such as aspira-
tion and slow injection will prevent complications arising
from vasoconstrictor additives.

Potential Adverse Drug Interactions
with Vasoconstrictors

A variety of unfavorable interactions may occur between
vasoconstrictors and other medications with adrenergic
activity. These interactions primarily affect the cardiovascu-
lar system, causing alterations in heart rate and blood pres-
sure. Epinephrine is a nonselective alpha and beta receptor
agonist, and in medically complex patients taking a variety
of pharmaceuticals, physiologic changes in the adrenergic
system may occur. The four major scenarios involving drug
interaction are:

1. Epinephrine and nonselective B-blockers: when adminis-
tered with a nonselective f-blocker, unopposed alpha
effect of the vasoconstrictor predominates, leading to
hypertension and reflex bradycardia. In contrast, this
unopposed effect will not occur in patients taking selec-
tive B1-blockers, as the vasodilation from the 2 receptor
stimulation will offset a1 vasoconstriction.

2. Epinephrine and phenothiazine and a-blockers: when
administered with a phenothiazine and - blocker, unop-
posed P2 vasodilation will lower blood pressure.

Vasodilation in the surgical site will promote bleeding
and reverse the action of epinephrine due to a more rapid
systemic absorption through the vasculature, thus short-
ening anesthetic activity.

3. Epinephrine and tricyclic antidepressants (TCAs): when
administered with tricyclic antidepressants, the neuronal
reuptake of adrenergic drugs, such as serotonin and nor-
epinephrine, is inhibited. Inhibition of neuronal uptake
produces increased activity of exogenously administered
catecholamines. Specifically, this increased potency can
be observed with TCA therapy started within 2 weeks of
the appointment. TCA medications also permit higher
concentrations of vasoconstrictor to be present at the neu-
ronal synapse, resulting in cardiac stimulation. TCA med-
ications have a profound effect when combined with
levonordefrin and epinephrine, and even total contraindi-
cation has been suggested [61].

4. Epinephrine with monoamine oxidase inhibitors
(MAOIs): when administered with MAOIs, there is an
accumulation of norepinephrine within presynaptic sym-
pathetic nerve terminals. This is due to the MAOI’s inhi-
bition of degradation of tyramine, dopamine,
norepinephrine, and serotonin by irreversibly blocking
monoamine oxidase. In this case, the patient may present
with hypertension from increased concentrations of
mixed or indirect sympathomimetic drugs. Furthermore,
exogenous epinephrine and levonordefrin will not pose
additional risk, as they are direct-acting only.

Local Complications
Local Anesthetic Failure

The three most common clinical scenarios of anesthetic fail-
ure include (1) infiltration into inflamed tissues or near pain-
ful regions, (2) inability to obtain a mandibular block, and
(3) adequate soft tissue anesthesia without reliable pulpal
anesthesia.

During the extraction of an infected tooth, anesthesia may
be difficult to achieve and maintain. In the locally inflamed
region, the pH of the tissue is decreased, therefore favoring
the ionized, water-soluble form of the local anesthetic.
Because the lipid-soluble form of the drug is required for
entry into the nerve itself, diffusion of anesthetic into the
intraneural space is impaired, which may serve to inhibit the
anesthetic’s clinical effect. Local anesthetics with vasocon-
strictors are also acidic solutions; therefore continued injec-
tion into an environment with an already relatively low pH is
unproductive. Mepivacaine can be effectively utilized in this
situation, as this molecule has the lowest pKa of the amide
group, which increases lipid solubility in acidic solutions.
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Inability to obtain a mandibular block can be caused by
variation in unique patient anatomy, operator error, intravas-
cular injection, or an unfavorable physiologic profile.
Variation in patient anatomy is best demonstrated by differ-
ences in prominence of the location of the mandibular fora-
men and prominence of the medial projection of the internal
oblique ridge. Entering from a more posterior approach may
improve needle positioning and anesthesia outcomes and
panoramic radiograph analysis can reveal variant position of
the mandibular foramen. In order to address limitations
locating the mandibular foramen, it has been suggested that
the Gow-Gates technique for mandibular anesthesia has a
higher success rate rather than a traditional inferior alveolar
nerve block [19]. The Gow-Gates technique targets the
anterolateral surface of the condyle, providing superior anes-
thesia in close proximity to the divergence of the inferior
alveolar, lingual, and buccal nerves. However, controlled
clinical studies have failed to prove its advantages.

The etiology of anesthesia of soft tissue without involve-
ment in the dentition is still unknown. Failure to produce
profound anesthesia, especially in mandibular anterior teeth,
can be explained by the “central core” theory. Nusstein et al.
proposed that the inferior alveolar nerve supplies predomi-
nantly the mandibular molars, whereas the bicuspid, canine,
and incisors are innervated by deeper nerve trunks, which are
inaccessible through diffusion [40]. The presence of acces-
sory nerves has also been implicated in difficulty in achiev-
ing anesthesia. The mylohyoid nerve is the most commonly
implicated accessory nerve branch in failure of mandibular
anterior anesthesia [17, 60].

Injection Pain and Transient Facial Blanching

Display of excessive pain during local anesthesia injection
has several etiologies, including decreased pain tolerance,
rapid injection of solution, traumatic distention of submuco-
sal tissues, inadvertent intravascular injection, or needle tip
proximity to the nerve bundle. Management of injection pain
includes a modifying technique, such as withdrawing the
needle slightly before continuing to inject. If pain persists,
the needle should be removed completely, and a second
injection should be performed entering tissue in a different
location. A “shock-like” phenomenon during injection is an
indicator that the needle tip has entered or is in close proxim-
ity to the nerve bundle. In this case, post-operative sensory
disturbances are possible.

The use of topical pre-injection local anesthesia can help
mitigate pain, especially when used in combination with
slow injection technique. According to a study by Reed et al.
2012, needle gauge does not seem to have a significant effect
on pain perception during injection [45].

A rarer complication, transient facial blanching, is the
result of vascular spasm during injection. Local anesthesia,
which is inadvertently injected intravascularly, can cause
blanching and pain upon the distribution of the vessel. A case
report by Pogrel reported blanching of tissues in the left
infraorbital region after a left mandibular block [43]. The
transient blanching was explained by injection of anesthetic
solution into the maxillary artery and was observed in its dis-
tribution. In this case, spontaneous resolution occurred in
5-10 min.

Vascular Injury

Inadvertent injection into a region of high vascularity can
cause a variety of different complications. In addition to
hemodynamic changes as a result of direct injection of an
adrenergic agent into the vasculature, vessel injury may lead
to hematoma at the site of injection. In dentistry, this compli-
cation occurs most often during injection of a local anes-
thetic in the posterior maxillary region, as for a posterior
superior alveolar nerve block, due to disruption of the ptery-
goid plexus of veins. Additionally, damage to the posterior
superior alveolar artery or its gingival branch is also possi-
ble. Hematoma formation can also be caused by inferior
alveolar nerve block if the needle is directed too far superi-
orly [5].

Hematoma formation can occur rapidly after vessel injury
and will manifest as cheek swelling on the affected side fol-
lowed by several days of ecchymosis as the hematoma
resolves (See Fig. 6.1). Although bleeding is generally self-
limiting, the goals of initial treatment are to achieve hemo-
stasis with pressure and minimize inflammation in the area
by application of an ice pack. The patient should be reevalu-
ated in 24-48 h to assess for signs of inadequate hemostasis
or secondary infection, as hematomas are prone to coloniza-
tion by bacteria. Hematomas generally resolve on their own
in 1-2 weeks, although the healing process is often accom-
panied by trismus and/or ecchymosis. The frequency of
hematoma formation after injection is higher with maxillary
posterior injections, but the overall incidence is around 0.1%
[28].

Intravascular injection may also occur as a result of vas-
cular insult. Manifestations may include blanching of the
local cutaneous region or signs of central nervous system
toxicity as the injected medication is rapidly circulated
through the systemic vasculature. Management of intravas-
cular injection will be patient-dependent but often can be
managed by patient reassurance alone. If the patient becomes
hemodynamically unstable during local anesthesia adminis-
tration, appropriate emergency medical interventions should
be activated, and the patient’s airway, breathing, and
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Fig.6.1 Right-sided hematoma immediately following posterior supe-
rior alveolar nerve injection

circulation should be supported as necessary until emer-
gency medical support arrives.

Unintended Nerve Involvement (Paresthesia
and Palsy)

In rare instances, unintended nerve involvement in a non-
surgical region is possible during local anesthesia adminis-
tration. Increased lipid solubility, enhanced diffusion,
misdirection of the needle, inappropriate depth of penetra-
tion, or intravascular injection are believed to be the potential
causes of unintended nerve involvement.

Unintended paralysis of the facial nerve (seventh cranial
nerve) can occur occasionally during routine inferior alveo-
lar nerve injections. The most common etiology is inadver-
tent administration into the parotid gland from an inferior
alveolar nerve block that was directed too far posteriorly
[13]. This is more common in patients who have a small
anterior—posterior dimension of the mandibular ramus, and
injection into the parotid capsule will lead to unintended,
transient facial nerve palsy. In addition to the inferior alveo-
lar nerve block, auriculotemporal nerve blocks or intra-

articular injections into the temporomandibular joint have
also been described.

On clinical presentation, patients may present with facial
weakness such as an inability to furrow the forehead, raise
the eyebrow, close the upper eyelid, retract the commissure
of the lips to smile, or to turn down the lower lip to grimace
[43]. Palsy of the facial nerve most often presents immedi-
ately due to direct blockade of neural conduction. Therefore,
it is expected that the palsy resolves within a few hours,
depending on the anesthetic injected. In some instances, a
delayed response can occur, ranging from hours to days [16].
Resolution of facial nerve palsy will occur when the anes-
thetic diffuses away from the affected nerve. Delayed-type
palsy, however, may take anywhere from 24 h to several
months to fully resolve, and the etiology is not well
understood.

Management of facial nerve paralysis includes measures
to prevent injury to the eye, such as corneal abrasion.
Therefore, it is recommended that the eyelid be taped shut
when the local anesthetic is longer-acting, such as bupiva-
caine. Systemic steroid therapy may also be considered in
these cases [55].

It has also been postulated that delayed facial nerve palsy
may be caused by latent viral herpes reactivation during an
injection of local anesthesia and that following an injection
along the course of a nerve, reactivation of the virus from the
trigeminal ganglion can occur with physical and chemical
stress. Management of facial nerve palsy associated with
viral herpes reactivation may necessitate antiviral agents
such as acyclovir as clinically indicated [11].

Nerve Injury Following Local Anesthetic
Injection

It is a well-known phenomenon that on rare occasions during
local anesthetic injection, temporary or even permanent
nerve involvement is possible. Nerve injury can manifest as
anesthesia, paresthesia, dysesthesia, hyperesthesia, or a vari-
ety of combinations [44]. The incidence of permanent nerve
involvement from a local anesthetic injection is exception-
ally rare, ranging from 1 in 25,000 injections to I in 1,000,000
injections. In contrast, temporary nerve injuries occur 5-6
times more frequently, with 80-85% of injuries recovering
spontaneously.

Nerve injury resulting from local anesthesia differs sig-
nificantly from injury through direct surgical trauma. In
many cases, the nerve injury is poorly localized and can
migrate to involve additional nerves not directly associated
with the injection site. The inferior alveolar nerve block is
the most commonly implicated injection technique. The
incidence of trigeminal nerve injury varies wildly in the
literature, ranging from rates of 1:20,000 and 1:785,000
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[37]. Fortunately, it is thought that 85-90% of injured
patients recover full sensation over the course of a few
days up to several months [35]. Although it is counter-intu-
itive, the lingual nerve is twice as often affected, as it is
uni-fascicular in the area where the needle passes for the
injection.

The exact mechanism of nerve injury as a result of local
anesthetic injection is unknown. It has been disproven that
direct mechanical trauma to the nerve during insertion of the
needle is the primary cause of nerve injury. Based on cadav-
eric experiments in a study by Pogrel, it is not plausible that
a single pass of a local anesthetic needle will cause signifi-
cant injury [44]. Alternatively, it has been suggested that
barbing of the needle after contacting bone followed by
withdrawal of the needle can cause trauma [49]. However,
the barb theory is not consistent with reports by patients who
claim an “electric shock™ sensation was present during the
injury. Additionally, piercing the inferior alveolar nerve with
a local anesthetic needle normally separates the fascicles
rather than damaging them directly.

Other theories have emerged which have aimed at explor-
ing hematologic or neurotoxic insults by local anesthetic
agents. One theory suggests that the local anesthetic needle
may damage blood vessels which communicate with nerve
fascicles, leading to neurotoxicity mediated by an interrup-
tion in blood supply [44]. Another suggests that the chemical
composition of local anesthetics have potential neurotoxic-
ity. However, doses of local anesthesia administered during
routine procedures are not high enough to have neurotoxic
potential; therefore, it is unclear if chemical toxicity is the
cause of neural injury [59].

Treatment of damage to nerves of the oral cavity is unpre-
dictable. When injury does occur, a neurosensory exam
should be performed and repeated at each follow-up in order
to document the baseline neurosensory status as well as pro-
gression and duration of the injury. First-line treatment for
patients presenting with nerve injury commonly includes
steroids, NSAIDs, and B vitamins; however, long-term suc-
cess is limited [35]. Steroids and NSAIDs have the potential
to alleviate edema surrounding an acutely inflamed nerve.
However, as nerve injury enters the chronic phase, it is rec-
ommended that painful dysesthesias must be treated medi-
cally in a neurology or pain clinic. If symptoms do not
resolve within 1-2 weeks after the injury, the standard regi-
men would include carbamazepine, gabapentin, or pregaba-
lin, plus a tricyclic-type and analgesic medication. Surgical
intervention for patients suffering from dysesthesia is gener-
ally not recommended because the injured nerve generally
appears normal macroscopically and microscopically, and
microneurosurgical repair in patients with existing neuro-
pathic pain has a high failure rate [62].

Ophthalmologic Complications

The etiology of local anesthetic agents migrating to the ocu-
lar region is subject to debate [7, 30, 50].

The anatomy of the midface should be examined to better
understand how local anesthetic agents can lead to ocular
complications. In the posterior and lateral portion of the
maxilla, there is communication with the inferior orbital fis-
sure. Anesthetic agents have the potential to migrate through
myofascial planes or enter the intravascular space in this
region, reaching the motor and autonomic nerves of the eyes.
Deep needle positioning, enhanced diffusion, and intravas-
cular injection can lead to an ocular complication [43].

Presenting signs and symptoms of ocular complications
include blurry vision, temporary blindness, mydriasis, pto-
sis, diplopia, or ophthalmoplegia [43]. Abducens nerve palsy
is the most commonly described ocular complication after
local anesthesia, which results in a paralysis of the lateral
rectus muscle and therefore inability to move the affected
globe laterally, leading to double vision in all fields of gaze.
Paralysis of the lateral rectus will resolve uneventfully as the
local anesthesia is metabolized.

In rare instances, permanent, unilateral blindness has
occurred followed injection of local anesthesia in the pos-
terior maxilla. Rates of permanent visual impairment are
as high as 8% [1]. The etiology of the blindness is pre-
sumed to be diffusion of the medication to the optic nerve
and resultant neurotoxicity. This scenario demands prompt
referral to an ophthalmologist. Additionally, permanent
blindness following an inferior nerve block has also been
described.

Prevention of ocular complications can be achieved by
aspirating prior to injection and proper injection technique.
In the event that visual disturbances develop, monitoring and
reassessment is required to ensure resolution of symptoms. If
symptoms do not resolve within 6 h, referral to an ophthal-
mologist is warranted to assess for damage to the globe and
associated structures [7].

Localized Tissue Injury

In general, care must be taken to prevent accidental, self-
inflicted trauma to soft tissue from administration of local
anesthesia. High-risk populations for accidental soft tissue
injury include children and the mentally disabled, in whom
soft tissue injury can occur in as high as 18% of children,
compared to about a 7% risk in individuals of 12 years and
older [12]. Iatrogenic injury, including damage to the lips,
cheek, and tongue, can present in the form of laceration,
ulceration, and/or contusion [43].
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Injection of local anesthesia can manifest as physical and/
or chemical injury, in many cases presenting as ulcerations
[39]. The primary factors affecting the severity of localized
tissue injury are the (1) volume of anesthetic injected, (2)
location of injection, and (3) presence or absence of vaso-
constrictors. Higher volumes of anesthetic, tightly attached
mucosa, and presence of epinephrine will increase the risk of
ulceration after injection [16].

Management of soft tissue injury should be focused on
for protection and prevention. The treatment of soft tissue
injury is primarily supportive. In the literature, avoidance of
bilateral mandibular block anesthesia as a soft tissue injury
prevention strategy, especially in young children, has been
subject to debate. In a study by College et al., rates of soft
tissue injury have not significantly differed between patients
receiving unilateral versus bilateral blocks [12]. The use of
shorter acting local anesthetic agents, such as plain mepiva-
caine, has been explored as an alternative prevention
strategy.

Phentolaminemesylate (OraVerse) was recently approved
in 2008 by the FDA for prevention of soft tissue injuries
caused by local anesthetics. Phentolaminemesylate is a non-
selective competitive antagonist of alpha-adrenergic recep-
tors and therefore reverses the effects of local anesthesia by
opposing alpha receptors and inducing vasodilation. This
enhances clearance of the local anesthesia from the site and
results in a more rapid return of sensation.
Phentolaminemesylate results in rapid recovery of numbness
in 50-60% of normal recovery time. OraVerse is available in
standard cartridges as a solution with 0.4 mg phentolami-
nemesylate. Its recommended dosage is not weight-based;
rather it is recommended to administer the same number of
cartridges of OraVerse as were administered for local anes-
thesia, with a total dosage of 0.2 mg (1/2 carpule) maximum
in children weighing between 15 and 30 kg. It is not recom-
mended for use in children under the age of 3 or weighing
less than 15 kg [33].

Needle Breakage

Overall, needle breakage is a rare occurrence. Since the
1960s, the widespread acceptance of disposal needles and
improvements in flexible alloys used in manufacturing has
dramatically decreased needle breakage rates [15]. Needle
breakage most commonly occurs during inferior alveolar
nerve blocks, causing the needle to be dislodged in the ptery-
gomandibular space in close proximity to vital structures.
The majority of events occur with a 30-gauge needle [33].
Although bending of the injection needles is common prac-
tice, it should be used cautiously, as needles will resist no
more than three bends prior to breakage. Needle breakage
occurs with a sudden or unexpected patient movement, jerk-

ing, or improper technique. Prevention of needle breakage
can be accomplished through patient management and antic-
ipation of adverse patient reactions. Dentists and oral sur-
geons should reduce the number of injections made with the
same needle. Avoidance of penetration to the needle hub,
straight line technique, and slow injection can minimize
breakage and improve retrieval outcomes.

In the event that needle breakage occurs, retrieval should
be attempted if the needle is visible. Retrieval should be per-
formed with a hemostat while the patient is motionless. If
invisible, surgical retrieval with appropriate referral is indi-
cated. A variety of needle retrieval methods exist, such as
using plain film radiography, fluoroscopy, image intensifiers,
reference markers, and magnets [14, 24, 26, 38, 52].
Innovations in medical technology have made 3D computer-
assisted navigation systems for minimally invasive needle
retrieval possible and have become the standard of care in
stereotactic neurosurgery, endoscopic sinus surgery, skull
base surgery, and foreign body removal [47].

In the oral and maxillofacial surgery literature, the
MedronicAxiEM navigation system has been utilized in
multiple case reports demonstrating the effective removal of
needles from the pterygomandibular space [51]. Minimally
invasion retrieval using a Medtronic surgical navigation sys-
tem requires (1) pre-operative maxillofacial CT scan, (2)
tracker device connected to the patient throughout general
anesthesia, and (3) tracer registration probe. Real-time navi-
gation is achieved by synchronization of imaging data with
the patient’s actual position. Direct patient-to-CT data regis-
tration is achieved by tracing soft and hard tissue landmarks
of the face and oral cavity with the navigation probe. Once
calibrated, continuous, three-dimensional tracking of the
probe is available to the operator. It is required that the
patient position is identical to the CT scan position. In the
case report presented by Steiner et al., identical position was
made possible by a custom interocclusal splint, which stabi-
lized the mandibular position [51]. Positional discrepancy of
3D navigation systems has been verified to be less than 1 mm
[41].

Ultimately, 3D surgical navigation is advantageous
because of its potential for improved accuracy and precision
in real time to the operating surgeon. 3D navigation can
decrease patient morbidity by improved surgeon accuracy
and precision. Minimizing damage to vital structures, the
size of the surgical access, retrieval time, and opportunity for
additional complications will allow for rapid recovery and
success for the patient.

Trismus

Trismus is an uncommon complication of local anesthetic
injection. By definition, trismus is tonic contraction of
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the muscles of mastication, leading to restricted opening
and limited range of motion. In the literature, trismus is
known to be associated with inferior alveolar nerve
blocks and posterior maxillary injections. According to
Stone and Kaban, the most likely etiology is intramuscu-
lar edema and hemorrhage. An alternative theory sug-
gests that the edema and hemorrhage is caused by
chemical injury to the medial pterygoid muscle during
attempted mandibular block injections [6]. Hematoma
and needle-track infection may also result from contami-
nated needles and repeated injections to the same site.
Acute pain and inflammation from post-injection trismus
are accompanied by muscle spasm, resulting in limitation
in mandibular movement [16]. Treatment is aimed at
addressing pain and inflammation and improving range
of motion, often with NSAIDs, moist heat, and physio-
therapy. In the event that the trismus does not resolve
spontaneously, gradual forced opening may be required,
which can be achieved with physiotherapy or tongue
blade therapy. Movement of the jaw prevents fibrosis,
which can lead to long-term hypomobility. If infection is
suspected, antibiotics should be initiated early.

Summary

Local anesthesia is indispensable to modern medicine and
dentistry; however, both local and systemic complications can
occur during routine use. Fortunately, most local anesthesia-
related complications are manageable using simple strategies
and patient reassurance. Other, more serious events may
require more complicated management strategies as well as
assistance from emergency medical personal and transport to
a medical facility. Through preventative measures and timely,
appropriate interventions, patient morbidity can be reduced
and positive outcomes maximized. It is imperative that the
local anesthesia provider be well acquainted with the potential
for complications and the various management strategies for
these events. Additionally, as newer agents are developed,
these management strategies may require supplementation to
account for a changing market of local anesthetics.
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Anatomy of the Integumentary System

Bruce M. Koeppen and Christine E. Niekrash

Overview

The integumentary system consists of the skin, and the epi-
dermal derivatives of the skin:

» Hair follicles

e Sweat glands

e Sebaceous glands

* Nails (note: the mammary glands are also epidermal
derivatives of the skin but are not discussed in this
chapter)

Skin is the body’s largest organ and constitutes 15-20%
of body mass. It serves multiple functions, including the
following:

* Barrier — skin provides a barrier to numerous agents in
the external environment (i.e., chemical, physical, and
biological).

e Immunity — skin contains large numbers of antigen pro-
cessing cells that interact with the body’s adaptive
immune system, and in that way provide immunologic
information.

e Homeostasis —skin is an important effector organ involved
in the regulation of body temperature, and contributes to
fluid balance by preventing water loss.

e Sensory — skin is richly innervated with sensory nerve
fibers and associated receptors.

e Endocrine — skin produces both androgens and estrogens
and importantly a precursor of vitamin D.

* Excretion — skin excretes substances via its associated
glands (e.g., sweat, sebaceous and apocrine).
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Skin can also be a route for the absorption of some lipid-
soluble substances, as well as the administration of some
drugs or therapeutic agents (e.g., nicotine patches).

Skin consists of two layers. The outermost layer is the
epidermis, which is comprised of a stratified squamous kera-
tinized epithelium. The cells of the epidermis continually
turnover, with the outermost layer of dead keratinized cells
sloughed off daily by a process termed desquamation.
Immediately below the epidermis is the dermis, which is
subdivided into the more superficial papillary dermis com-
prised of loose connective tissue and a deeper reticular der-
mis comprised of dense irregular connective tissue. The
dermis sits upon the hypodermis, which is comprised primar-
ily of adipose tissue and is not considered to be part of the
skin. Figure 7.1 illustrates the layers of the skin as well as the
hypodermis.

The skin on the palms of the hands and the soles of the
feet are exposed to the greatest abrasive forces. As a result,
the epidermis is very thick in these areas. Accordingly, the
skin at these sites is called thick skin. Thick skin lacks hair
follicles as well as their associated sebaceous glands, but it
does contain sweat glands. Skin over the remainder of the
body has a much thinner epidermis and is therefore called
thin skin. With the exception of a few sites, thin skin contains
hair follicles, sebaceous glands, and sweat glands. The der-
mis of the skin also varies in thickness. The thickest dermis
is found in the skin of the upper region of the back, while the
thinnest is found in the skin of the eyelid.

Epidermis

The epidermis is a stratified squamous epithelium and is
comprised of four distinct layers of keratinocytes (note: a
fifth layer, called the stratum lucidum, can often be seen in
thick skin). Figure 7.2 illustrates the layers of the epidermis
in a histologic section of thick skin.
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Papillary Dermis Epidermis

Reticular Dermis

Hypodermis

Fig. 7.1 Section of thin skin showing the layers of the skin as well as
the underlying hypodermis
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Granulosum
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Stratum
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Fig. 7.2 The layers of the epidermis. This is a section of thick skin,
which includes the stratum lucidum. The stratum lucidum is not found
in the epidermis of thin skin. The stratum basale is a single layer of cells

The deepest layer is the stratum basale. This single layer
of cells contains the stem cells from which the keratinocytes
are derived. The melanin producing melanocytes are also
found in this layer, as are the mechanoreceptor Merkel’s
cells. Immediately above the stratum basale is the stratum
spinosum. This layer is so named because the cells after fixa-
tion have short processes or spines. These spines are formed
because of desmosomes connecting adjacent cells. They
appear as spines because of shrinkage of the cells during tis-
sue processing for light microscopy. Because of their appear-
ance, the cells are also referred to as prickle cells. The next
more superficial layer is the stratum granulosum. The granu-
lar appearance of the cytoplasm of these cells is a result of
the presence of keratohyalin granules. These granules con-
tain filaggrin and trichohyalin, which function as promoters
for the aggregation of keratin filaments, which begins the
process of keratinization. The cells of the stratum granulo-
sum also contain lipid-containing lamellar bodies. The lipids
within the lamellar bodies (e.g., glycosphingolipids, phos-
pholipids, and ceramides) are secreted onto the surface of the
cell forming a water impermeable lipid envelope. The outer-
most layer consists of dead keratinized cells and is called the
stratum corneum. In some histologic sections of thick skin,
the deepest layer of the stratum corneum stains poorly, and
thus is given the name of stratum lucidum (see Fig. 7.2).

The following cells (and their percentages) are found in
the epidermis:

e Keratinocytes (~85%)

e Melanocytes (~5%)

e Merkel’s cells (<5%)

e Langerhans’ cells (<10%)

Keratinocytes are derived from stem cells located in the
stratum basale, which divide every 1-2 days. Over the next
30 days or so the keratinocytes migrate toward the surface of
the epidermis through the stratum spinosum and stratum
granulosum. During this time, they are synthesizing the pro-
teins needed for the keratinization process, which takes place
as the cells leave the stratum granulosum and enter the stra-
tum corneum. These cells are also synthesizing the lipids that
will make up the water impermeable lipid envelope. During
the keratinization process, the cells undergo apoptosis, at
which point they become devoid of cellular organelles and
are completely filled with keratin. They then reside within
the stratum corneum for another approximately 14—15 days
before they are sloughed off at the surface. Thus, turnover of
the keratinocytes in the epidermis takes approximately
45 days. In individuals with psoriasis, keratinocyte turnover
is greatly accelerated, taking only 8—10 days.

Melanocytes are scattered within the stratum basale (see
Fig. 7.3). They have long dendritic projections that extend up
into the stratum spinosum. Melanin is synthesized from tyro-
sine. A key enzyme in this process is tyrosinase, the activity
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Fig. 7.3 Section of skin from an individual with dark skin. The cell
bodies of melanocytes are indicated by the arrow. The dendritic projec-
tions of the cells are too small to be resolved with the light microscope.
The cell bodies contain immature melanin, which is colorless. The dark
melanin is contained with adjacent keratinocytes

of which is stimulated by pituitary-derived melanocyte stim-
ulating hormone (MSH), which is a cleavage product of pre-
proopiomelanocortin (POMC). Two types of melanin are
synthesized: eumelanin and pheomelanin. Eumelanin is
brown-black in color, while pheomelanin is yellow-red in
color. The melaninis packaged into vesicles termed melano-
somes. The melanosomes are transported along the cell’s
dendritic processes, where keratinocytes in the stratum spi-
nosum phagocytose small pieces of the melanocyte’s
melanosome-containing cytoplasm, a process termed cyto-
crine secretion. The melanosomes are released into the cyto-
plasm of the keratinocytes where they accumulate around the
nucleus to provide protection from harmful UV radiation.

The ratio of melanocytes to keratinocytes is relatively
constant regardless of ethnicity and skin color. Skin color is
therefore determined by the ratio of eumelanin and phe-
omelanin synthesized by the melanocytes, and the rate at
which melanosomes are degraded within the keratinocytes.
Compared to individuals with light skin, melanosomes are
degraded more slowly in individuals with dark skin.

Langerhans’ cells are dispersed throughout the stratum
spinosum and stratum granulosum. These cells originate in
the bone marrow, travel in the blood, and take up residence
in the epidermis. They are the macrophages of the epidermis.
Once a Langerhans’ cell engulfs foreign material, it migrates
out of the epidermis to a regional lymph node where it serves
as an antigen-presenting cell to initiate an adaptive immune
response. Langerhans’ cells are involved in delayed hyper-
sensitivity reactions of the skin (e.g., contact dermatitis).

Merkel’s cells are sensory cells within the epidermis that
respond to touch/pressure. They are discussed in more detail
below.

Dermis

The boundary between the dermis and the overlying epider-
mis is characterized by upward projections of the dermis
called dermal papillae and downward projections of the epi-
dermis called epidermal ridges or rete pegs (see Fig. 7.4).
The interdigitation of the dermal papillae and the epidermal
ridges increases the surface area between these two layers of
the skin providing resistance to mechanical stress. In areas of
the body that are routinely exposed to high mechanical stress
(e.g., palms of the hands and soles of the feet), the epidermal
ridges are longer and extend deeper into the dermis increas-
ing the length of the dermal papillae. In addition, the dermal
papillae are more closely spaced. Together, this arrangement
of epidermal ridges and dermal papillae confers greater
resistance to mechanical stress at these sites.

As noted above, the dermis is subdivided into two layers,
a superficial layer called the papillary dermis and a deeper
and thicker layer called the reticular dermis (see Fig. 7.5).
The papillary dermis consists of loose connective tissue.
Because the epidermis is avascular, the epidermal cells
receive nutrients from the capillaries located in the papillary
dermis. As a result, a large number of small blood vessels
can be seen in the papillary dermis. The much thicker reticu-
lar dermis consists of dense irregular connective tissue, in
which large numbers of collagen fibers (primarily Type-I
collagen) are found. Both the papillary dermis and reticular
dermis also contain elastic fibers. With aging, these elastic
fibers are reduced in number and appear frayed. The loss of
these elastic fibers contributes to the formation of “wrinkles”
and sagging of the skin.

The collagen fibers and elastic fibers within the reticular
dermis are arranged to form lines of tension within the skin.

Fig. 7.4 High power view of the junction between the epidermis and
dermis. The interdigitation of the epidermal ridges and the dermal
papillae provides an increased surface area to better resist shear forces
that could cause the epidermis to separate from the underlying dermis
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Fig. 7.5 The dashed line shows the boundary between the papillary
dermis and the reticular dermis. The papillary dermis is loose connec-
tive tissue, while the reticular dermis is dense irregular connective tis-
sue. The epidermis is avascular and receives nutrients from the blood
supply of the papillary dermis (small vessels are indicated by the
arrows)

These lines are called Langer’s lines. Surgical incisions that
are made parallel to the Langer’s lines heal with less
scarring.

Epidermal Derivatives

Epidermal derivatives (also called epidermal appendages)
include hair follicles, eccrine sweat glands, apocrine sweat
glands, sebaceous glands, and nails (note: nails are not dis-
cussed in this chapter). All are derived from the epidermis
(see Fig. 7.6).

Hair Follicles

Hair follicles are responsible for the production and growth
of hair, and they are found, with a few exceptions (e.g.,
palms of the hands, soles of the feet, lips), over the entire
body. Sebaceous glands and apocrine sweat glands are
closely associated with hair follicles, and the secretions of
these glands empty onto the hair shaft.

Although hair follicles are derived from the epidermis,
hair growth is not continuous as seen in the epidermis, but
instead is cyclical in nature. The growth phase is termed ana-
gen, which is followed by a phase where growth is stopped
termed catagen. Finally, there is a phase termed felogen,
where the follicle atrophies and the hair is lost. The histo-
logic structure on an anagen follicle is shown in Fig. 7.7. The
follicles are found in the hypodermis near its junction with
the overlying reticular dermis. The innermost portion of the

Hair shaft

Epidermis

Dermis ——

Sebaceous ——
gland
Eccrine External
gland root sheath

Arrector pili Apocrine
muscle gland
Internal
Sensory nerve
root Zheath ending
lassy .
membrane Follicular bulge
. Cuticle Hair matrix
Hair 1 Cortex
Medulla Dermal papilla
Blood vessel

Fig. 7.6 Schematic of the skin showing the epidermal derivatives and
their relationship to one another

Medulla of Hair Shaft
Glassy Membrane

Connective Tissue
Sheath
External Root
Sheath
Internal Root

Sheath
Matrix

Dermal Papilla

Fig. 7.7 Structure of the hair follicle. The blood supply to the dermal
papilla is not in the plane of section

follicle, called the bulb, consists of a tuft of loose connective
tissue called the dermal papilla, and surrounding matrix. The
dermal papilla contains blood vessels which supply the fol-
licle. The matrix consists of stem cells and melanocytes. As
cells leave the matrix, they begin the process of keratiniza-
tion to form the hair shaft. The melanosomes taken up by the
matrix cells determines hair color. If the melanosomes con-
tain mostly pheomelanin, the hair will be light in color (e.g.,
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blonde or red). If the melanosomes contain mostly eumela-
nin, brown or black hair results. With age, the melanocytes
undergo apoptosis, which leads to gray or white hair.

Above the dermal papilla is located the follicular bulge
(see Fig. 7.6), which consists of epidermal stem cells. When
the overlying epidermis is injured or lost (e.g., burns) these
stem cells migrate to the surface and repair the injured area.
If these follicular bulge cells are lost or destroyed, skin repair
is compromised and may result in the need for skin
grafting.

Each hair follicle has a small smooth muscle, called the
arrector pili, that inserts near the follicular bulge and extends
up into the overlying dermis (see Fig. 7.6). The arrector pili
is innervated by the sympathetic branch of the autonomic
nervous system. Contraction of the muscle causes the hair
shaft to stand erect, and produces what is commonly referred
to as “goose flesh” or “goose bumps.” In animals with fur,
contraction of the arrector pili muscles creates a thicker
unstirred layer of air against the animal’s skin, and thus helps
to conserve body heat in a cold environment. Because of the
lower density of hair on the skin of humans, contraction of
the arrector pili has little or no effect on heat conservation.
Nevertheless, exposure to cold will lead to arrector pili
contraction.

Eccrine Sweat Glands

Eccrine sweat glands are simple coiled blind-ended glands.
They are not associated with hair follicles. They consist of a
coiled secretory segment, and a duct that empties onto the
surface of the skin. As shown in Fig. 7.9, the coiled secretory
segment is located at the junction of the reticular dermis and
the hypodermis. The cells of the duct segment contain a high
concentration of mitochondria (Fig. 7.8). As a result, with
light microscopy, they stain more darkly than the secretory
cells. When viewed with the electron microscope, two types
of cells are seen in the secretory segment. One cell contains
abundant glycogen, and the apical and lateral cell plasma
membranes are characterized by extensive enfoldings which
increase surface area. These cells, called clear cells, secrete
the watery portion of the sweat. The second cell type, called
the dark cell, contains an extensive network of rough endo-
plasmic reticulum, and numerous secretory granules, that are
exocytosed from the cell by what is termed a merocrine
mechanism. These cells secrete the proteinaceous compo-
nent of sweat. One such product of the dark cells is the anti-
microbial peptide dermcidin, which has broad-spectrum
activity against the bacteria on the surface of the skin. The
cells of the secretory segment are surrounded by myoepithe-
lial cells. These cells contract as sweat is produced which
prevents the segment from “ballooning out,” and thereby
causes the sweat to move up the duct to the skin’s surface.

Duct
Segments

Secretory
Segments ¥
.

t_. . "'p \Q\ "
Hypodermiss
3 AT

Fig. 7.8 Eccrine sweat gland located at the junction of the reticular
dermis and hypodermis. The duct segment cells stain darker due to the
high density of mitochondria. The clear dark cells of the secretory seg-
ment cannot be discerned in light micrographs

Fig. 7.9 Sebaceous gland showing the pilosebaceous canal (*) enter-
ing into the hair follicle

Eccrine sweat glands play a critical role in thermoregula-
tion. They are innervated by sympathetic fibers of the auto-
nomic nervous system. However, sympathetic postganglionic
fibers release acetylcholine rather than norepinephrine.
When stimulated the secretory segment produces primary
sweat, which has a fluid and electrolyte composition similar
to that of extracellular fluid. As primary sweat travels through
the duct segment, NaCl is reabsorbed, and as a result, the
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sweat that appears on the surface of the skin is hypotonic
with respect to that of the extracellular fluid. Both the epithe-
lial Na+ channel (ENaC), and the cystic fibrosis transmem-
brane regulator (CFTR) are expressed by the ductal cells and
are responsible for the reabsorption of Na* and Cl~ respec-
tively. In individuals with cystic fibrosis, Cl~ reabsorption by
the ductal cells is impaired. As a result, the [C]~] of the sweat
is elevated above its normal level of equal to or less than
30 mEq/L. This elevated sweat [Cl7] is the basis for the
“sweat test” for the diagnosis of the disease. When exposed
to a warm/hot environment, the reabsorption of NaCl by the
ductal cells increases resulting in a more hypotonic sweat.
This acclimatization results from increased expression of
ENaC secondary to the actions of aldosterone. This allows
thermoregulatory sweating to occur without an excessive
loss of NaCl.

Apocrine Sweat Glands

Apocrine sweat glands share some features found in eccrine
sweat glands, but also have a number of important differ-
ences. For example, the distribution of apocrine sweat glands
is limited to certain regions of the body, such as the axilla,
the areola, and nipple of the breast, the skin around the anus
and the genitalia, and the eye lashes (glands of Moll). Similar
to the eccrine sweat glands, the apocrine sweat glands are
coiled tubular glands with the secretory segment located near
the junction of the reticular dermis and hypodermis. In con-
trast to the eccrine sweat glands, the apocrine sweat glands
empty their secretion onto the hair shaft (see Fig. 7.6). Prior
to puberty, the apocrine sweat glands are inactive. With the
onset of puberty, and then throughout adulthood, the apo-
crine sweat glands produce a secretion that contains proteins,
carbohydrates, lipids, and a host of organic molecules (e.g.,
urea). The secretion is odorless, but when acted upon by bac-
teria on the skin, it can produce an unpleasant odor. In many
mammals, the apocrine sweat glands produce pheromones.
They may serve the same function in humans.

It was originally thought that secretion was by an apo-
crine process (i.e., release of the secretory product of the
glandular cells occurred with the release of a small portion of
the cells cytoplasm). However, it is now known that the
eccrine sweat glands, like the apocrine sweat glands, secrete
by a merocrine process. Although misnamed, the term apo-
crine sweat gland has persisted. The secretions of the gland
are not altered by the duct segment, as is the case for eccrine
sweat glands. The duct segment of apocrine sweat glands
simply conducts the secretion to the hair follicle. Typically,
the duct enters the follicle near to, but slightly above, where
the sebaceous glands attach to the follicle.

The apocrine sweat glands are not involved in thermoregu-
lation. Instead, they respond to emotional and sensory stimuli.
They are innervated by sympathetic fibers of the autonomic

nervous system, and norepinephrine is the neurotransmitter of
the postganglionic neurons. This is in contrast to the eccrine
sweat glands where the sympathetic postganglionic neurons
use acetylcholine as the neurotransmitter.

Sebaceous Glands

Sebaceous glands are derived from the external root sheath.
They produce an oily substance called sebum, the exact
function of which is not completely understood, but may
have bacteriostatic and/or emollient properties. Some have
also suggested a pheromone role for sebum. Sebaceous gland
secretion occurs by a holocrine mechanism (i.e., the cells of
the gland accumulate sebum, and then release the sebum
when the cell undergoes apoptosis). The sebum and associ-
ated cellular debris are released onto the hair shaft via the
pilosebaceous canal (see Fig. 7.9). Sebaceous gland secre-
tion increases significantly with puberty, and is a contribut-
ing factor in the development of acne.

Innervation of the Skin

The skin is very much involved in sensation, and free nerve
endings and a number of encapsulated sensory receptors are
present. Figure 7.10 illustrates two encapsulated sensory
receptors found in the skin: Meissner’s Corpuscle and
Pacinian Corpuscle.

The sensory modality and the size of the receptor field
vary among the various receptors found in the skin. Free
nerve endings and Merkel’s cells are nonencapsulated and
located in the epidermis. All other receptors are encapsulated
and located at various depths within the dermis. In general,
the deeper the receptor is within the dermis, the larger its
receptor field. Table 7.1 summarizes the sensory receptors
found in the skin, their sensory modality, and the size of their
receptor field.

Tissue Layers of the Scalp

The scalp is typically formed of five layers. The outer three
layers are connected tightly to each other and move together,
allowing the furrowing of the forehead. The first letter of
each layer forms the word SCALP.

1. Skin: This layer is composed of thin skin containing
abundant sweat and sebaceous glands, and hair shafts.

2. Connective Tissue: Contains the hair follicles, subcutane-
ous nerves, and a rich vascular supply.

3. Aponeurosis (Galea): Thick, strong sheet of connective
tissue connecting the two bellies of the occipitofrontalis
muscle (described later in muscles of facial expression).
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Fig.7.10 Encapsulated sensory receptors found in the dermis of the skin. (a) Meissner’s corpuscles are found just beneath the epidermis in dermal
papillae of the papillary dermis. (b) Pacinian corpuscles are located deep in the dermis

Table 7.1 Receptors found in the skin

Receptor field
Receptor Sensory modality size
Free nerve ending | Pain, heat, cold and light Small
touch

Merkel’s cell touch and pressure Small
Meissner’s Change in pressure Small
corpuscle

Pacinian corpuscle | Vibration Large
Ruffini’s Stretch and torque Large
corpuscle

Krause’s end bulb | Cold Large

4. Loose Connective Tissue: Contains potential spaces
where fluid (blood, pus) may accumulate.

5. Periosteum of the Skull: Dense connective tissue layer
covering the bones of the skull.

Changes in Aging Skin

Aging is a complicated process that affects the epidermis, the
underlying dermis, and the epidermal appendages. These
changes can be accelerated by UV radiation or solar light
exposure (photoaging). These changes may manifest as sag-
ging, wrinkling skin, changes in pigmentation (freckles and

depigmentation), and formation of skin lesions including
cutaneous cancers.

Within the dermis, there is a decrease in collagen and nor-
mal elastic fibers. In normal aging skin, there is a decreased
production of Type I collagen. However, with photoaging,
the cross-linking between collagen molecules is altered,
resulting in unstable collagen fibers which are subject to
increased degradation. Also, the elastic fibers appear abnor-
mally thick, frayed, and may be nonfunctional. The number
and diameter of the elastic fibers in the papillary dermis
decrease. However, the elastic fibers in the reticular dermis
thicken and appear coarse and matted. The extracellular
matrix of the connective tissue is also affected, triggering
increased secretion of elastases and proteases. The dermis
overall becomes thinner.

The junction between the epidermis and dermis also
changes with age. The dermis—epidermis junction becomes
flattened, with a decrease in the length of the dermal projec-
tions. This may also contribute to the increased fragility of
aging skin. There is also a decrease in the density of the
blood vessels in the papillary dermis, directly underlying the
epidermis.

Within the epidermis, the density of melanocytes and
Langerhans cells decreases.

The number of sebaceous glands, sweat glands, and hair
follicles decreases, and they can become altered structurally.
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Benign Neoplasms

There are a number of benign and malignant neoplasms that
occur within the skin. Two very common benign neoplasms
are presented here.

Melanocytic nevi, more commonly called “moles,” can
be found in all regions of the skin. The neval cells differ
from melanocytes in that they lack the dendritic cell pro-
cesses characteristic of melanocytes (see above). They also
contain large pigment granules. Early on, the neval cells are
aggregated along the epidermal/dermal junction. This is
called a junctional nevus and appears as a flat pigmented
lesion on the skin. Over time, neval cells penetrate into the
dermis resulting in a raised pigmented lesion called a com-
pound nevus. Figure 7.11 is a histologic section of a com-
pound melanocytic nevus. As the neval cells penetrate
deeper into the dermis, they become small in size and pro-
duce little or no pigment. While nevi can give rise to mela-
nomas, this is rare. One of the reasons for this is that the

Fig. 7.11 Compound melanocytic nevus. Note the numerous clusters
of darkly staining neval cells throughout the dermis

Fig. 7.12 Acrochordon. Note the fibrovascular core with overlying
normal epidermis

growth of the neval cell becomes arrested, a process termed
oncogene-induced senescence, which involves the accumu-
lation within the cells of a potent inhibitor of cyclin-
dependent kinases.

Acrochordons, more commonly called “skin tags,” occur
over time, and are typically found in skin creases and where
the continuous rubbing or abrasion of the skin occurs. On the
face, acrochordons are frequently found on the eyelids.
Although continuous abrasion of the skin appears to be the
primary cause for the formation of acrochordons, there is
some evidence that human papilloma virus may play a role
as well. They are more common in women suggesting a
genetic component too. They consist of a fibrovascular core
with a normal appearing overlying epidermis (see Fig. 7.12).
They are frequently removed for cosmetic reasons.
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Anatomy of the Periorbital Region

Christine E. Niekrash

Superficial Anatomy of the Periorbital
Region

The eyelids cover the eye to protect it from injury and exces-
sive light, and to keep the eyeball moist by distributing the
lacrimal fluid through blinking. Very thin skin covers the
external surfaces of the eyelids. Their internal surfaces are
covered with the mucosal palpebral conjunctiva.

The eyeball is covered by a dense connective tissue coat,
the sclera, which is white except for its transparent anterior
one-sixth, the cornea. The colored iris with the pupil in its
center is visible through the cornea.

The upper and lower lids (palpebrae) meet at the medial
and lateral palpebral commissures and are separated by the
palpebral fissure (Fig. 8.1). They are separated from the eye-
ball by the conjunctival sacs. The upper and lower depths of
these sacs are the fornices. The lacrimal lake separates the
sclera from the medial commissure. The lacrimal caruncle is a
sweat and sebaceous gland protrusion within the lacrimal lake.

A tear film covers the eye and protects the cornea and
conjunctiva from drying. The lacrimal gland is located in the
lateral, superior bony or bit (Fig. 8.2). The tears spread medi-
ally across the eye and drain through lacrimal puncta to the
lacrimal sac, and through the naso lacrimal duct to the infe-
rior meatus of the nasal cavity.

Eyelashes are hairs on the free surface of the eyelids. In
the medial commissure is the triangular lacus lacrimalis con-
taining a reddish, raised area, the caruncle.

The tarsal glands (of Meibom) within the eyelids secrete
a lipid to lubricate the eyelids to keep them from adhering to
each other. The eyelids also contain dense connective tissue
plates, the farsi, and are surrounded by several fat pads.
Ciliary glands are modified sebaceous glands associated
with the eyelashes.
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Frank H. Netter MD School of Medicine, Quinnipiac University,
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The anatomy of the eyeball is beyond the scope of this
book.

Osteology of the Orbit

The anterior margin of the orbit is formed by the frontal bone
above, the zygoma laterally and below, and the maxilla
below and medially. In the medial third of the superior mar-
gin is the supraorbital notch or foramen for the supraorbital
artery and nerve. Below the middle third of the inferior mar-
gin is the infraorbital foramen for the infraorbital nerve and
artery.

The walls of the orbit are formed by a number of bones
(Fig. 8.3). Its roof is the orbital surface of the frontal bone.
Laterally, just inside the orbital margin is a shallow fossa for
the lacrimal gland. The lateral wall is formed by the greater
wing of the sphenoid bone and the orbital surface of the
zygoma. Here, the zygomatic foramen forms the entrance to
the zygomatic canal which bifurcates to end as the zygomati-
cofacial foramen on the lateral surface of the zygoma and the
zygomaticotemporal foramen on the posterior surface of the
zygoma facing the temporal fossa. These foramina transmit
sensory nerves with the same names. The superior and lateral
walls of the orbit are separated posteriorly by the superior
orbital fissure (Fig. 8.4). This fissure transmits the ophthal-
mic, oculomotor, trochlear, and abducens nerves (Appendices
3 and 4) as well as the superior ophthalmic vein that com-
municates with the cavernous sinus.

The lateral wall and floor of the orbit are separated by the
inferior orbital fissure which transmits the infraorbital branch
of the maxillary division of the trigeminal nerve, the infraor-
bital branch of the maxillary artery, and the inferior ophthal-
mic vein which communicates with the pterygoid plexus.
The floor of the orbit is formed by the orbital surface of the
maxilla. Within this surface is an infraorbital groove and
canal which transmit the infraorbital nerve and vessels.
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Fig.8.1 Superficial anatomy of the orbit
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Fig. 8.2 The lacrimal apparatus for production and drainage of lacri-
mal fluid
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Fig. 8.3 Osteology of the
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Fig. 8.4 Openings through the bones of the orbit

The medial wall is formed by the ethmoid, lacrimal, and
frontal bones. The surfaces of the ethmoid and frontal bones
are translucent because of the presence of air cells within
them. The lacrimal bone is oriented vertically in front of the
ethmoid bone. A posterior lacrimal crest can be identified on
the lacrimal bone and an anterior lacrimal crest on the frontal
process of the maxilla. Between the crests is the lacrimal
fossa for the lacrimal sac. The nasolacrimal canal extends
inferiorly from the fossa to the nasal cavity. It transmits the
nasolacrimal duct. In or just above the suture between the
ethmoid and frontal bones are anterior and posterior eth-
moidal foramina. They are passageways for branches of the
nasociliary nerve with the same names as the foramina. At
the anterior and superior aspect of the frontal bone on the
medial wall is a rough area for the attachment of the trochlea
of the superior oblique muscle. The apex of the orbit is
formed by the lesser wing of the sphenoid bone and contains
the optic canal or foramen that transmits the optic nerve and
the ophthalmic artery.

The Musculature of the Periorbital Region
and the Orbit

Muscles of the Glabellar Region (Fig. 8.5)

Orbicularis Oculi: Surrounds the eye. It receives its motor
innervation from the temporal and zygomatic branches of the
facial nerve (CN VII). This muscle is divided into orbital and
palpebral portions. The orbital segment completely encircles
the eye in a series of loops, extending outward into the fore-
head, temple, and cheek. When it contracts, it closes the eye
forcefully as in a winking movement. The palpebral portion
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Fig. 8.5 Muscles of the
glabellar region

Frontalis muscle

Procerus muscle

Corrugator muscle

of the orbicularis oculi spreads over the eyelids. When it con-
tracts, it results in a gentle closing of the eye, as in a blinking
movement.

The Frontalis muscle belly of the occipitofrontalis muscle
is a large fan-shaped muscle that inserts into the orbicularis
oculi muscle, with a bifurcation in the midline. When it con-
tracts, it elevates the brow. Injecting neurotoxin into this
muscle near the orbital rim can result in ptosis due to the
dispersal of the agent to the underlying levator palpebrae
muscle described below.

Procerus arises from the nasal bones and inserts into skin
above the glabella. When it contracts, it depresses the medial
eyebrow and creates horizontal lines between the eyebrows.

The Corrugator Supercilii muscle arises medially from
the nasofrontal suture. Its fibers course laterally and superfi-
cially to insert into the skin above the superciliary arch. Its
contractions pull the eyebrow medially and inferiorly to
form vertical lines between the eyebrows.

Muscles of the Orbit

The muscles of the orbit consist of the levator palpebrae
(superioris) and the six muscles moving the eyeball: four
recti and two obliques. The levator palpebrae, superior rec-
tus, medial rectus, inferior rectus, and inferior oblique are all
supplied by the oculomotor nerve. The lateral rectus is sup-
plied by the abducens nerve and the superior oblique by the
trochlear nerve (Appendices 3 and 4). These muscles move
the eyeball and elevate the upper eyelid.
Levator Palpebrae

Orbicularis oculi
muscle

Arises from the inferior surface of the lesser wing of the
sphenoid bone above the origin of the other muscles
Inserts on skin, connective tissue, and conjunctiva of upper lid
Elevates eyelid

Superior, Medial, Lateral, Inferior Recti

Arise from the fibrous cuff surrounding the orifice of the
optic canal.

Insert by aponeuroses into sclera of the eye less than a
centimeter behind the junction of cornea and sclera.
Lateral rectus origin is by two heads between which the
oculomotor, nasociliary, and abducens nerves enter the
orbit.

Superior Oblique

Arises from the fibrous cuff and adjacent bone

Passes forward along the junction of medial and superior
margins of the orbit

Becomes tendinous and passes through trochlea

Inserts into superior, lateral, posterior quadrant of the eye-
ball, behind its vertical equator

Inferior Oblique

Arises from the floor of the orbit lateral to the nasolacri-
mal canal

Passes posteriorly and laterally inferior to the inferior
rectus

Inserts inferior to the superior oblique muscle
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The muscles of the iris control papillary size. The pupils
will constrict in response to light and will focus on a near
object. Muscles of the ciliary body control the thickness of
the lens. This is called accommodation and allows the eye to
focus on near or distant objects.

The Vasculature

The ophthalmic artery is a branch of the internal carotid
artery. It enters the orbit through the optic foramen. The oph-
thalmic artery sends a small branch through the optic nerve
to the retina (central artery of the retina) and a number of
small branches that follow the optic nerve to the posterior
surface of the eye. As it enters the orbit, the ophthalmic
artery is inferior to the optic nerve. It then curves around the
lateral surface of the nerve and crosses it superiorly. While
on the lateral surface of the optic nerve, it gives off a lacri-
mal branch that follows the lateral border of the superior rec-
tus muscle to the lacrimal gland. After crossing the optic
nerve superiorly, it gives off a supraorbital branch that
emerges from under the cover of the muscles above the eye
and accompanies the supraorbital nerve through the supraor-
bital foramen or notch. It enters the forehead through the cor-
rugator muscle, dividing into superficial and deep branches.
The vertical and brow branches are superficial. This artery
anastomoses with the supratrochlear, dorsal nasal, angular,
and frontal branch of the superficial temporal arteries which
arise from the external carotid artery (Appendix 2), forming
a vascular arcade. The trunk of the artery passes anteriorly,
lateral to the superior oblique muscle, ending as the supra-
trochlear artery. In its course, it sends anterior and posterior
ethmoidal branches through the foramina with the same

Fig. 8.6 Arcades of
anastomosing arteries supply
arich blood supply to the
periorbital region and the
eyelids. These are branches
that originate from the
internal and the external
carotid arteries Superficial temporal
artery, frontal branch

Superior and
inferior lateral
palpebral arteries

Transverse facial
artery

names. The supratrochlear artery exits the orbit and courses
onto the forehead, crossing the supraorbital rim often at a
prominent glabellar frown line, the junction between the
medial end of the corrugator muscle and the procerus
muscle.

The dorsal nasal artery is another branch of the ophthal-
mic artery. It descends along the lateral border of the nose
and anastomoses with the angular artery (the terminal branch
of the facial artery which ascends along the side of the nose).

The superficial temporal artery is the terminal branch of
the external carotid artery. It courses superiorly onto the
scalp above the auricle, branching into frontal and parietal
branches. These arteries are superficial to the frontalis mus-
cle and can often be visualized in life. The transverse facial
artery is a branch from the superficial temporal artery. It
crosses superficial to the masseter muscle between the
parotid duct and the zygomatic arch.

Because of the myriad of arterial anastomoses in this
region (Figs. 8.6 and 8.7), retrograde injection of materials
(such as cosmetic fillers) into the supraorbital artery, supra-
trochlear artery, or superficial temporal artery can lead to
obstruction of the ophthalmic artery or its central artery to
the retina, which could result in blindness.

In addition, abundant anastamoses between dorsal nasal
artery (from ophthalmic artery), angular artery, and lateral
nasal artery (from facial artery) can lead to retrograde embo-
lism (brain infarct) as illustrated in Fig. 8.8. For further
details, see Appendix 2 and Chap. 20, Anatomy of the Nose
and Paranasal Sinuses.

The ophthalmic veins communicate with the facial vein
by way of the supraorbital vein and through the superior
orbital fissure with the cavernous sinus. They also communi-
cate with the pterygoid venous plexus surrounding the lateral

Supraorbital
artery

Supratrochlear
artery

Superior medial
palpebral artery

Dorsal nasal
artery

Angular artery

Infraorbital
artery
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Fig. 8.7 Anastamosing
arteries and veins supplying
the periorbital region

Fig. 8.8 Route of ophthalmic
artery occlusion (blindness)
and to possible brain
infarction by embolic
materials
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pterygoid muscle through the inferior orbital fissure. The
venous pattern generally mimics the distribution of arteries,
but allow for retrograde flow into the cranium.

The Innervation

The Optic Nerve (CN II): Exits the posterior surface of the
eyeball (globe) and exits the orbit through the optic canal
(with the ophthalmic artery). It receives its blood supply
from small branches from the ophthalmic artery.

Sensory Innervation (Fig. 8.9)

The entire course of the ophthalmic division of the trigemi-
nal nerve is illustrated in Appendix 5. It enters the orbit
through the superior orbital fissure as the frontal, lacrimal,
and nasociliary nerves. The frontal nerve divides into the
supraorbital and supratrochlear nerves. The supraorbital
nerve exits the anterior orbit onto the forehead through the
supraorbital foramen or notch to supply sensation to the
medial forehead. The supratrochlear nerve leaves the orbit
medial to the supraorbital nerve to supply the glabella, the
medial upper eyelid, and conjunctiva.

The lacrimal nerve supplies the lacrimal gland and the
lateral conjunctiva and lateral upper eyelid.

The nasociliary nerve provides ciliary nerve branches which
are sensory to the iris, cornea, and ciliary body. These fibers are
important for the initiation of the protective blink reflex. It also
sends anterior and posterior ethmoidal branches to the lateral
nasal wall, nasal septum, the middle and inferior concha, and the
tip of the nose. Parasympathetic fibers traveling with the naso-
ciliary nerve synapse in the ciliary ganglion posterior to the eye-
ball and distribute to the ciliary and sphincter pupillae muscles.

The trunk of the maxillary division of the trigeminal nerve
enters the orbit through the inferior orbital fissure, travels on
the floor of the orbit in the infraorbital groove, into the infraor-
bital canal, exiting on the face as the infraorbital nerve. During
this course, it gives off branches to the maxillary sinus, maxil-
lary teeth, and facial gingiva. The infraorbital nerve branches
into the inferior palpebral nerve which supplies the lower eye-
lid, the nasal branch which innervates the lateral nose, and the
superior labial branch to supply the upper lip.

. Ophthalmic division

. Maxillary division Trigeminal

Nerve
- Mandibular division

Fig. 8.9 Superficial sensory innervation of the face

Motor Nerves

The facial nerve (CN VII) is described in Appendix 6. The
main trunk of the facial nerve divides within the parotid
gland. The temporal branch emerges from the parotid gland
and courses superiorly over the zygomatic arch approxi-
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Anatomy of the Nose and Paranasal

Sinuses
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The Nose

The nose enables the passage of air between the external
environment and the lower respiratory system. As air passes
through the nose, it is filtered, humidified, and warmed. This
is also the site of olfaction. In addition, the nose serves as a
conduit for mucus and lacrimal secretions from the nasolac-
rimal duct and the paranasal sinuses. It consists of an exter-
nal nose that projects out from the face and an internal nasal
cavity that is divided into two segments by the midline nasal
septum.

The bony framework of the nose (Fig. 9.1) consists of two
nasal bones, the nasal process of the frontal bone and the
ascending process of the maxillae. These bones outline a
pyramidal shaped opening with the alveolar process of the
maxilla below. The midline thickening of the convergence of
the maxillary alveolar processes creates the anterior nasal
spine. The nasal bones articulate superiorly with the glabella
of the frontal bone. The midline depression at this junction is
called nasion. The remainder of the outer framework of the
nose is made of hyaline cartilage. The dorsum of the nose is
covered by loosely attached skin, covering the nasal bones
and superior cartilages. The skin is more tightly bound down
in the alar and tip regions. This skin also contains a greater
density of sebaceous glands. The paired nares are openings
on the inferior surface of the nose with alae nasi that flare
laterally. The skin extends into the vestibule of the nares and
gives rise to hairs (vibrissae) and sebaceous glands that act
with mucus to filter the air. Internal to the vibrissae, the skin
becomes mucosa. The olfactory area is in the superior third
of the nasal mucosa and receives special sensory innervation
by the olfactory nerve (CN I).
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The Nasal Cartilages (Fig. 9.2)

The bilateral superior lateral nasal cartilage articulates with
the nasal and maxillary bones. Its medial edge is continuous
with the septal midline cartilage, but it becomes a free edge
inferiorly. The bilateral alar cartilages shape the tip of the
nose.

The nasal muscles are described in the Superficial
Anatomy of the Face chapter.

The Nasal Septum

The midline nasal septum divides the internal nasal area into
two nasal cavities. The major parts of the septum are the
vomer bone (posteroinferior), the perpendicular plate of the
ethmoid bone (superior), and the septal cartilage (anterior),
as illustrated in Fig. 9.3. The nasal crests of the palatine bone
and maxilla contribute to the inferior part of the septum, just
below the vomer. The nasal septum is often curved or shifted
from the midline.

Nasal Cavities

The anterior entrance into the nasal cavity is through the
nares into the vestibule of the nose. The choanae are the
posterior openings into the nasopharynx behind the nasal
cavities. The floor of the nasal cavity consists of the pala-
tal process of the maxillary bone in the anterior and the
horizontal process of the palatine bone in the posterior.
The soft palate controls communication between the oro-
pharynx and nasopharynx. The nasal septum is the medial
wall. The lateral wall is composed of three (sometimes
four) complex bony and membranous structures, the nasal
conchae or turbinates (superior, middle, and inferior). The
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Fig. 9.1 Anterior view, bones
of the skull
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conchae are scroll-like projections that extend inferiorly
and medially, and consist of bone covered by a mucous
membrane. The superior and middle conchae are medial
portions of the ethmoid bone. The superior concha is
small and located anterior to the sphenoid sinus. The infe-
rior concha (the largest) is composed of the inferior con-
cha bone covered by a highly vascular mucosa. These
vessels engorge to restrict the size of the nasal cavity and
allow cycling of respiration between nostrils. Beneath and
lateral to each concha is a meatus (space) with the same
name as the concha that covers it. The adjacent sinuses
drain into these spaces as described below in the descrip-
tion of the paranasal sinuses. The nasolacrimal duct drains
tears from the orbit into the anterior inferior nasal meatus.
The inferior concha lies approximately 1 cm anterior to
the opening of the pharyngotympanic (Eustachian) tube.
The roof of the nasal cavity is composed of the nasal bone
and nasal spine of the frontal bone anteriorly, the cribri-
form plate of the ethmoid bone in the middle, and the
sphenoid bone in the posterior.

Innervation

Sensation to the skin over the root, bridge, and superior lat-
eral surfaces of the nose is conveyed by the supratrochlear
and infratrochlear branches of the ophthalmic division of the
trigeminal nerve (Appendix 5, Trigeminal Nerve). Sensation
to the lateral surface of the lower part of the nose is through
the infraorbital nerve (Maxillary Division, Trigeminal
Nerve). The external nasal branch of the anterior ethmoid
nerve of the ophthalmic division of the trigeminal nerve car-
ries sensation from the dorsal part of the nose to its tip.

The mucosa of the posterior, inferior nasal cavity is sup-
plied by the nasopalatine nerve of the maxillary division of
the trigeminal nerve in the midline, and by the greater pala-
tine nerve in the lateral nasal cavity. The anterior, superior
nasal cavity is innervated by the anterior and posterior eth-
moidal nerves (Ophthalmic Division, Trigeminal Nerve).

The olfactory nerves (CN 1) are located in the superior por-
tion of the nasal cavity. These cells pass through the cribriform
plate of the ethmoid bone to synapse in the olfactory bulb.
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Blood Supply of External Nose Appendix 2) courses diagonally and superiorly across the
face from the lower border of the mandible to the side of the

The blood supply to the external nose is rich and anastomo- nose. As it ascends, it provides a superior labial branch that

ses extensively (Fig. 9.4). This area is supplied by multiple further branches into the septal branch to supply the inferior

branches from both the external and internal carotid arteries. medial nose. The facial artery ascends on the face and pro-

The facial artery (branch of External Carotid Artery, vides alateral nasal branch on the side of the nose. The facial
artery then becomes the angular artery.
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Fig. 9.3 Midline septum of nose
Fig.9.2 Cartilages of the external nose

Fig. 9.4 Arterial supply to
the external nose
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The external nose also receives arterial blood from the
external nasal artery, the terminal branch of the anterior
ethmoidal artery (from the ophthalmic artery, branch of
the Internal Carotid Artery, Appendix 2). It exits onto the
nose between the lateral cartilage and the nasal bone to
supply the skin of the dorsal surface of the nose. The
infratrochlear artery, also from the ophthalmic artery, pro-
vides arterial blood to the superior lateral nose. These
extensive anastomoses with branches of the ophthalmic
artery can be dangerous when injecting subdermal materi-
als in the nasal and periorbital area. Material that occludes
the ophthalmic artery or its small branch to the retina of
the eye can lead to vision problems and possibly
blindness.

The infraorbital artery, the terminal branch of the internal
maxillary artery enters the face through the infraorbital fora-
men and supplies the superficial midface and the lateral sur-
face of the nose.

Blood from the external nose drains through the lat-
eral and angular nasal veins to the facial vein. These
veins are without valves and communicate superiorly
with the ophthalmic veins which drain the cavernous
sinus within the cranium. They also communicate with
the infraorbital and deep facial veins and the pterygoid
plexus which also connects to the cavernous sinus.

a II|
| Posterior
| Middle ethmoidal Superior
\ concha artery concha

Therefore, these veins can quickly transmit infection
into the cranium.

Blood Supply of Internal Nose

The nasal cavity also has a rich vascular supply from multi-
ple arterial sources with profuse anastomoses (Fig. 9.5). The
ophthalmic artery from the internal carotid artery provides
anterior and posterior ethmoidal arteries that send branches
to the medial and lateral walls of the nasal cavity. The sphe-
nopalatine artery (the terminal branch of the internal maxil-
lary artery branch from the external carotid artery) enters the
posterior nasal cavity inferior to the sphenoid sinus and pro-
vides branches to the posterior nasal septum and posterior
lateral wall. Also, the septal branch of the superior labial
artery of the facial artery supplies the anterior part of the
nasal septum. The greater palatine artery, also from the max-
illary artery, ascends into the anterior nasal cavity through
the incisive foramen of the hard palate to supply the anterior,
inferior part of the nasal cavity. All of these arteries anasta-
mose in the anterior nasal septum in Kiesselbach (Little’s)
area and are commonly involved with epistaxis.

An extensive submucosal venous plexus drains the nasal
cavity into the facial, ophthalmic, and sphenopalatine veins.
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Fig. 9.5 Vascular supply of internal nose
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Paranasal Sinuses (Fig. 9.6)

The paranasal sinuses are air-filled extensions of the nasal
cavity into the frontal, ethmoid, maxillary, and sphenoid
bones of the skull and face. The sinuses are named after the
bone that encloses them. The sinuses vary considerably in
shape and increase in size with advancing age. They are lined
by a pseudostratified columnar ciliated epithelium typical of
the upper respiratory tract. The cilia beat to create a direction
of flow from the sinus to the nasal cavity.

Frontal Sinus

Typically, there are right and left frontal sinuses that are
often unequal in size. The larger sinus may cross the midline.
The sinus develops between the inner and outer cortical
boney plates of the frontal bone posterior to the supraciliary
arches. They are not present at birth, but develop by the age
of 7 years. The frontal sinuses usually drain through the fron-
tonasal duct into the ethmoidal infundibulum and ultimately
to the semilunar hiatus, a deep groove in the middle meatus
of the nasal cavity. The frontal sinus is innervated by the
supraorbital nerve (from the ophthalmic division of the tri-
geminal nerve).

Fig. 9.6 Paranasal sinuses

Paranasal sinuses

1. Frontal sinuses

2. Ethmoidal sinuses
3. Sphenoidal sinuses
4. Maxillary sinuses

Ethmoid Air Cells

Multiple air cells fill the ethmoid bone between the medial
orbital wall and the superior lateral nasal cavity. The number
of air cells that develop is highly variable and the bony walls
are fragile. The air cells in the anterior and middle ethmoid
bone drain into the middle nasal meatus, sometimes through
the ethmoidal infundibulum. The posterior ethmoid air cells
drain into the sphenoethmoidal recess in the superior aspect
of the nasal cavity. These air cells are innervated by the ante-
rior and posterior ethmoid branches of the ophthalmic divi-
sion of the trigeminal nerve.

Sphenoid Sinus

The sphenoid sinus is located posterior to the ethmoid air
cells. The right and left sphenoidal sinuses are variable in
appearance and are rarely symmetric in shape. They are
located in the body of the sphenoid bone but can extend into
other parts of the bone (the wings). The extensive pneumati-
zation of the sphenoid bone makes it very thin and fragile. Its
proximity to the optic nerve, internal carotid artery, pituitary
gland, and cavernous sinus make it a dangerous area for
infection. The sphenoid sinuses drain into the sphenoeth-
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moidal recess above the superior concha of the nasal cavity.
It is innervated by the posterior ethmoid nerve from the oph-
thalmic division of the trigeminal nerve.

Maxillary Sinus

The maxillary sinuses are usually large and located within
the body of the maxilla. Its roof consists of the floor of the
orbit. The floor of the sinus is in close proximity to the roots
of the maxillary teeth, particularly the canine and molars.
The development of communication between the oral cavity
and the maxillary sinus is a significant risk during extraction
of these teeth. The maxillary sinuses drain into the hiatus

Right frontal sinus
Superciliary arch

Left frontal sinus

Lateral
nasal cartilage

Accessory of
sesamoid
cartilage

Mobile part
of nasal
septum

Fig. 9.7 Paranasal sinuses

semilunaris of the middle meatus of the nasal cavity. These
drains are located in the superior section of the medial sinus
wall through the narrow ethmoidal infundibulum which can
make sinus drainage difficult. The nasolacrimal duct is in the
anterior section of the medial wall of the sinus. The infraor-
bital nerve (from the maxillary division of the trigeminal
nerve) courses in the roof of the maxillary sinus through the
infraorbital canal. As it is coursing anteriorly, the infraorbital
nerve gives rise to the posterior, middle, and anterior supe-
rior alveolar nerves which course through the boney wall of
the maxillary sinus to innervate the maxillary sinus and teeth.

The location of the sinuses and the proximity to each
other is illustrated in Fig. 9.7.
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Anatomy of the External Ear
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Overview

The ear is the organ responsible for the sense of hearing and
equilibrium. It is divided anatomically into the external, mid-
dle, and internal ear (Fig. 10.1). The middle and external ear
are mainly responsible for the transmission of sound to the
internal ear which contains the vestibulocochlear apparatus
that receives sound and maintains equilibrium. Detailed dis-
cussion of the middle and internal ear is not within the scope
of this book. The external acoustic meatus is a tube through

Temporal
bone

Malleus

Pinna

External
auditory
canal

External
ear

Cartilage

Ear lobe

Temporal
bone

Fig. 10.1 External, middle, and inner ear
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the tympanic part of the temporal bone to connect the auricle
to the middle ear. The tympanic membrane is a thin, oval-
shaped structure that separates the external acoustic meatus
from the middle ear. It vibrates in response to sound waves
funneling through the external auditory meatus. The pharyn-
gotympanic tube (Eustachian tube or auditory tube) connects
the middle ear to the nasopharynx through an opening poste-
rior to the inferior nasal meatus. This tube is responsible for
equalizing pressure between the middle ear and the
atmosphere.

Semicircular

Incus  canals

Auditory nerve
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Stapes (stirrup)
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External Ear

The external ear consists of three parts: the lateral-most
structure, the auricle (pinna) which is responsible for collect-
ing sound and directing it medially; the external acoustic
meatus which transmits this collected sound; and the tym-
panic membrane.

The Auricle

The auricle is a complex, prominent helical structure com-
posed of a single plate of elastic cartilage covered by peri-
chondrium with an overlying layer of tightly bound thin skin
on the lateral surface, and with more loosely bound skin with
underlying adipose tissue on the medial surface. The medial
surface has a rich vascular network within this layer of adi-
pose tissue.

The auricle consists of several folds, protrusions, and
depressions (Fig. 10.2). The lobule of the auricle consists of
fibrous tissue, blood vessels, and fat and does not contain
cartilage. Therefore, this lobule is a common site for pierc-
ings, but is difficult to reconstruct. The external auditory
canal opens within the deepest depression of the lateral sur-
face of the auricle (the concha of the ear). The concha is
separated into two parts, the cymba and cavum by the promi-

Helix

Antihelix

Lobule

Fig. 10.2 External ear, lateral view

Auricularis
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Fig. 10.3 Lateral view, extrinsic muscles of the auricle

nent crus of the helix. The fragus is the cartilaginous projec-
tion external and anterior to the opening of the external
auditory meatus. The outer rim of the ear is the helix, and it
is usually rolled cartilage extending from the anterior attach-
ment of the auricle to the scalp around the margin of the
auricle to the posterior end of the elastic cartilage at the ear
lobe. The helix of the ear is highly variable in its appearance.
The antihelix is a prominence anterior and parallel to the
helix. Its tail joins the antitragus which also projects over the
concha. The skin, particularly in the depressions, may con-
tain an abundance of sebaceous glands with hair follicles.
The auricle is cosmetically important because of its promi-
nence and its function in directing sound to the external audi-
tory canal. The medial surface has an inverse pattern to the
lateral surface.

Elastic cartilage composes the framework of the auricle,
and it gives the auricle the ability to be folded and to bend.
However, cartilage defects are difficult to repair because of
the lack of direct blood supply to the chondrocytes.

The cartilage of the auricle is attached to the skull by
anterior, superior, and posterior ligaments. Small extrinsic
muscles (anterior, posterior, and superior, Fig. 10.3) are also
involved with this attachment and allow movement of the
auricle as a whole. Intrinsic muscles within the auricle are
rudimentary.

The sensory nerves to the auricle are from multiple cra-
nial nerves and a cervical nerve (Fig. 10.4). The auriculo-
temporal nerve (branch of CN V) provides sensation to the
parts of the ear that are anterior to the external acoustic canal.
See Appendix 5 for the complete distribution of CN V. The
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Fig. 10.4 Sensory nerves of external ear

posterior and medial surfaces of the auricle are supplied by
the great auricular nerve (from the cervical plexus, Appendix
7). Other minor sensory contributions arise from the vagus
nerve (CN X)), the facial nerve (CN VII), the glossopharyn-
geal nerve (CN IX), and the lesser occipital nerve (from the
cervical plexus). This becomes significant in the distribution
of vesicles in herpes zoster infections. Motor innervation of
the extrinsic muscles of the auricle is by branches of the
facial nerve (CN VII).

The blood supply to the part of the auricle anterior to the
external auditory meatus is from the anterior auricular
artery, branching from the superficial temporal artery ante-
rior to the ear. The posterior part of the auricle is supplied by
the posterior auricular artery located behind the ear, a
branch of the external carotid artery (Fig. 10.5). The auricu-
lar branch of the occipital artery also supplies the medial
part of the auricle. See Appendix 2 for the images and
descriptions of the origins and distribution of these vessels.
The venous drainage is through corresponding veins.
Figure 10.6 illustrates the relationship of these vessels to the
external ear, the head of the condyle, and the auriculotempo-
ral nerve, all important in the delivery of an auriculotemporal
nerve block.
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Fig. 10.5 Arterial distribution to the external ear
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Fig. 10.6 Auriculotemporal
nerve block, showing the
relationship of the superficial
temporal artery, superficial
temporal vein, condyle of the
mandible, and the
auriculotemporal nerve
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The External Auditory Canal

The external auditory canal is approximately 4.0 cm long
from the tragus to the tympanic membrane and is S-shaped.
The lateral section courses anterosuperiorly, while the medial
part runs posteriorly. The external third is composed of carti-
lage covered by skin that is continuous with the auricle. This
skin contains hair follicles and sebaceous and ceruminous
glands. These glands are located mostly in the dermis of the
interior and superior walls of the canal, producing cerumen
(earwax). They may become infected, producing a furuncle.
The medial two thirds of the tube is composed of temporal
bone covered by thinner epithelium lacking glands or hair
which is continuous with the tympanic membrane. There are
two constrictions within the auditory canal, one at the lateral
end of the cartilaginous portion and the narrowest point in
the isthmus of the osseous portion. In infants, this canal is
very short and the tympanic membrane is more horizontally
oriented. The anterior part of the external auditory canal lies
close to the temporomandibular joint and the parotid gland.
The posterior part is separated from the mastoid air cells by
very thin bone, allowing the potential for infection spread
from the mastoid to the subperiosteal area. The blood supply

Superficial
temporal vein

Auriculotemporal
nerve

for the external auditory canal arises from branches of the
superficial temporal, posterior auricular, and maxillary arter-
ies (Fig. 10.5).

The Lateral Surface of the Temporal Bone

The lateral surface of the temporal bone (Fig. 10.7) contains
the five parts of the bone: squamous, tympanic, mastoid, sty-
loid, and petrous, surrounding the external auditory canal.
The cribriform area, superior to the external auditory canal
and anterior to the mastoid process, contains areas of com-
munication between the mastoid cortex and the mastoid
antrum. This is a possible site of purulence from a mastoid
infection. The suprameatal spine of Henle is inferior and
anterior to this cribriform area. The tympanomastoid fissure
separates the mastoid from the tympanic portions of the tem-
poral bone. Infection may spread through this fissure from
the external auditory canal to the base of the skull. The
chorda tympani nerve (taste and parasympathetic fibers) and
the anterior tympanic artery pass through the petrotympanic
fissure.
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Fig. 10.7 Lateral surface of
the temporal bone
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The Tympanic Membrane

The thin, semitransparent fympanic membrane is at the
medial end of the external acoustic meatus, separating it
from the middle ear. It has an oval shape and is covered by
thin skin externally and mucous membrane internally with a
discontinuous middle fibrous layer (lamina propria). Its
movements are transmitted via the auditory ossicles in the
middle ear to the inner ear. The tympanic membrane is
angled anteroinferior to the axis of the external auditory
canal, tipped to receive sounds from the anterior and lateral
sides of the head. The external surface of the membrane is
concave and the umbo is the shallow center of the concavity.

Petrotympanic
fissure.

External
auditory canal

The sensory innervation of the lateral surface of the tym-
panic membrane is primarily by branches of CN'V (auriculo-
temporal nerve), with contributions from CN VII, IX, and
X. However, the medial surface is innervated by branches of
CN VII and IX. The lateral blood supply is from arteries of
the external auditory canal and the medial supply is from
arteries that supply the middle ear.
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Anatomy of the Perioral Region

The mouth and lips are important structures in our appear-
ance and in facial expression.

Lips are movable, and the capacity and amount of open-
ing of the mouth are important in the ability to eat, speak,
and maintain the contents of the mouth within the oral cavity.
The mouth allows the entrance of food and drink and air to
the body. The process of digestion begins in the mouth with
the mastication of food and the initiation of digestion by sali-
vary enzymes.

Labial
commissure

Labial
tubercle

Fig. 11.1 Anterior view, mouth
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Lips

The vermillion zone is the transition of skin to the nonkera-
tinized stratified squamous epithelium of the oral mucosa
which lines the oral cavity (Fig. 11.1). The skin covering the
lip is thin and without hair. It overlies extensive capillary
beds, giving the lips their color. The vermillion border is the
edge of the vermillion zone adjacent to the skin.

The labial commissure (cheilion) is the lateral location of
the junction of the upper and lower lips. The oral fissure is
the opening between the lips (entrance to the oral cavity).

Philtrum

Vermillion
border

Labiomental
groove
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The upper lip contains a midline protrusion in the vermil-
lion border, the labial tubercle. Superior to the tubercle is the
philtrum, a shallow vertical groove extending toward the
nose in the midline. The nasolabial groove separates the
upper lip and philtrum from the cheek. It extends at an angle
from the alar surface of the nose to the angle of the mouth.

The labiomental groove separates the chin from the lower

lip.

Musculature

The muscles controlling the mouth are complex, three-
dimensional, bilateral, and interdigitated (Fig. 11.2). They
are described in a general fashion in the Superficial Anatomy
Chapter. More specific descriptions are below.

The orbicularis oris is a sphincter, a circular muscle sur-
rounding the mouth. It gives support to the lips and allows
for a tight seal of the oral cavity and protrusion of the lip. It
also allows subtle movements essential for the generation of
speech. Some intrinsic fibers originate from the alveolar
bone housing the roots of the maxillary and mandibular inci-
sors. Its fibers decussate with fibers from other facial mus-

Galea aponeurotica ;
(epicranial i
aponeurosis)

Procerus

(1

Levator labii
superioris alaeque
nasi

Nasalis

Levator labii
superioris

Zygomaticus
minor
Zygomaticus
major

Levator anguli
oris

Risorius

Platysma

Depressor
anguli oris

Depressor
labii inferioris

Fig. 11.2 Anterior view, muscles of facial expression

cles that converge on the mouth, including the buccinator,
levator labii superioris, levator anguli oris, depressor anguli
oris, depressor labii inferioris, and zygomaticus major.

Elevators of the Upper Lip

Levator labii superioris arises from the lower margin of the
orbit, superior to the infraorbital foramen and it inserts into
the orbicularis oris and the skin of the upper lip. When con-
tracted, it raises the upper lip and accentuates the nasolabial
groove.

Levator labii superioris alaeque nasi arises from the supe-
rior aspect of the maxilla and courses inferiorly and laterally.
Some fibers insert on the alar aspect of the nose and other
fibers insert into the muscles of the upper lip. When it con-
tracts, it will flare the nostril and elevate the upper lip.

Levator anguli oris is a deep muscle that originates
from the canine fossa of the maxilla, inferior to the infra-
orbital foramen. It inserts into the decussation of muscles
near the commissure of the mouth. It acts together with the
other lip elevators to dilate the mouth and deepen the naso-
labial groove. The infraorbital nerve and vessels lie infe-
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rior to the levator labii superioris and on top of the levator
anguli oris.

Zygomaticus major originates on the lateral part of the
zygomatic bone and travels medially and inferiorly to insert
at the corner of the mouth, decussating with other perioral
muscles. Its contraction results in a smiling action by moving
the commissure of the mouth in a posterior, superior
direction.

Zygomaticus minor also originates from the zygomatic
bone medial to the origin of zygomaticus major. It inserts
into the upper lip between the levator labii superioris and the
zygomaticus major.

The risorius muscle is a thin, narrow muscle that arises
from fascia covering the masseter muscle and buccal skin
and also inserts at the angle of the mouth. When contracting,
it pulls the commissure of the mouth in a lateral and down-
ward direction.

Depressors of the Lower Lip

Depressor anguli oris is a superficial muscle with a triangular
shape. It arises from the oblique line of the mandible inter-
digitating with the platysma and inserts into the corner of the
mouth. It acts to depress the angle of the mouth.

Depressor labii oris arises from the oblique line of the man-
dible between the symphysis and the mental foramen and
inserts into the lower lip and the orbicularis oris. Some fibers
interdigitate with the depressor labii oris arising from the oppo-
site side of the mouth. It functions to depress the lower lip.

The mentalis muscle is a deep muscle that arises from the
incisive fossa of the mandible. It inserts into the skin of the
chin lateral to the lip frenum. It holds the lower lip against
the incisor teeth, elevates the lower lip, and causes dimpling
of the chin when it is contracted.

Buccinator

The lateral surface of the buccinator muscle underlies the
fascia and skin of the cheek and the medial surface supports
the lateral mucosa of the oral cavity. It is a deep muscle
underlying the other facial muscles. It is located between the
maxilla and mandible and arises from the posterior alveolar
process of both of these bones and the pterygomandibular
raphe which connects the buccinator to the superior constric-
tor muscle. The buccinator inserts through decussating fibers
in the upper and lower lips. The duct of the parotid gland
passes through the buccinator to empty saliva into the oral
cavity opposite to the maxillary second molar. The action of
the buccinator keeps the bolus of food on the masticatory

surfaces of the teeth. It also tenses the cheek to allow forceful
exhalation of air from the mouth, as in blowing a trumpet.

Modiolus

The modiolus is a fibromuscular, multiplanar structure where
as many as nine perioral muscles (described above) interlace.
It is located at the lateral border of the labial commissure and
is highly variable in appearance. It is important in the forma-
tion of facial expressions and dimples. The facial artery is
located approximately 1 mm lateral to the modiolus.

Motor Innervation

All of the muscles of the perioral region are innervated by
the facial nerve (CN VII), the more superior muscles from
the buccal division and more inferior muscles from the man-
dibular division. Please see Appendix 6 and the chapter on
the Superficial Anatomy of the face for the details of this
cranial nerve. In the perioral area, the buccal branch of the
facial nerve innervates the muscles around both the upper
and lower lips. The mandibular branch innervates the mus-
cles of the lower lip, and it courses over the margin of the
mandible just anterior to the masseter muscle. The cervical
branch innervates platysma.

Sensory Innervation

Sensory innervation of the perioral region is by the trigemi-
nal nerve (Appendix 5) and cervical nerves (Appendix 7).

The infraorbital nerve, a branch of the maxillary division
of the trigeminal, emerges onto the face through the infraor-
bital foramen of the maxilla located between the origins of
levator labii superioris and levator anguli oris. The infraor-
bital nerve provides sensation to the medial surface of the
lower nose, the lower eyelid, and the cheek all the way to the
upper lip.

The buccal nerve, a branch of the mandibular division of
the trigeminal, courses either beneath or through the inferior
part of the temporalis muscle, enters the buccal fat pad, and
terminates in the cheek at approximately the occlusal plane.
It provides sensation to the cheek.

The mental nerve is the terminal branch of the inferior
alveolar nerve of the mandibular division of the trigeminal. It
leaves the mandible through the mental foramen beneath the
depressor labii inferioris between the roots of the mandibular
premolars. The mental nerve provides sensation to the lower
lip and the chin.
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Sensation to the skin along the inferior border of the man-
dible and the angle of the mandible is provided by the trans-
verse cutaneous and great auricular nerves of the cervical
plexus.

Arterial Blood Supply

The blood supply to the face has a rich collateral circulation
with many anastomoses occurring among vessels. This is
wonderful for perfusion, but makes bleeding sometimes dif-
ficult to control.

The facial artery, a branch of the external carotid artery
(Appendix 2), travels deep to the stylohyoid muscle and pos-
terior belly of the digastric muscle, superior or through the
submandibular gland, and over the margin of the mandible
onto its external surface at the anterior border of the masseter
muscle. It then takes a tortuous, oblique course deep to the
platysma, risorius, zygomaticus major and minor muscles,
but superficial to the buccinator muscle and continues along
the lateral surface of the nose as the angular artery.

In the perioral region, the facial artery gives off superior
and inferior labial arteries within or close to the orbicularis
oris.

Venous Drainage

The facial vein (Appendix 2) courses parallel to the facial
artery inferiorly and obliquely across the face. It is deep to
the zygomaticus muscles and runs between the mandible and
the submandibular gland to empty into the retromandibular
vein. It anastomoses with many veins, including those drain-
ing the orbits and the pterygoid plexus. Because these veins
do not have valves, infections in this area may cause retro-
grade flow through these veins to the cavernous sinus.
Infections along the path of this vein are in the danger zone
of the face because of the potential rapid spread of infection
to the cavernous sinus within the cranium.
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Anatomy of the Neck

Christine E. Niekrash

Superficial Anatomy of the Neck

The skeleton of the neck is composed of the cervical verte-
brae, the clavicles, the manubrium of the sternum, and the
hyoid bone. The trachea and its associated cartilages lie in
the anterior midline of the neck. The thyroid cartilage is the
largest cartilage in the airway and houses the larynx. The
esophagus is posterior to the trachea and is continuous supe-
riorly with the pharynx, a musculomembranous area poste-
rior to the nasal, oral, and laryngeal structures. The main
arterial flow to the head and its venous drainage lie in the
anterior, lateral portion of the neck.

The superficial neck is divided into two major triangles,
the anterior triangle and the posterior triangle, by the sterno-
cleidomastoid muscle (Fig. 12.1). It is a prominent muscle
easily visualized and palpated in the neck. The carotid artery
and internal jugular vein are deep to this muscle, and the
external jugular vein crosses diagonally on top of it.

The structures listed below (Fig. 12.2) can be palpated in
the neck and serve as anatomic landmarks. The bones are
described in more detail in Appendix 1.

* Hyoid bone: located below the mandible. It is U-shaped,
consisting of a body and greater and lesser horns (cornu).
e Thyroid cartilage: consists of right and left laminae and a
laryngeal prominence anteriorly. The superior notch can
be palpated. The thyroid cartilage is connected to the
hyoid bone by the thyrohyoid membrane. The laminae
have superior and inferior horns. The lateral surface of
each lamina is marked by an oblique line that serves as an
attachment for the sternothyroid, thyrohyoid, and inferior
constrictor muscles. The thyrohyoid membrane is pierced
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by the internal branch of the superior laryngeal nerve and
superior laryngeal vessels. The thyroid cartilage is hya-
line and is the first of the laryngeal cartilages to ossify,
beginning around age 20-23 years. The cartilage can be
visualized upon radiologic examination, but may not be
fully ossified. Therefore, circular areas in the center of the
cartilage may not be ossified and can easily be confused
with neoplastic invasion and damage.

e Cricoid cartilage: located below the thyroid cartilage and
connected to it by the cricothyroid muscle laterally and
the cricothyroid membrane anteriorly. The cricoid carti-
lage is shaped like a signet ring with a tall posterior lam-
ina (the signet) and a shorter anterior arch (the band). The
cricoid cartilage is the only complete ring of cartilage in
the respiratory tract. Posteriorly and laterally on the lam-
ina is a facet for articulation with the inferior horn of the
thyroid cartilage to form the cricothyroid joint. Posteriorly
and superiorly on the lamina is a smooth area for articula-
tion with the arytenoid cartilages of the larynx to form the
cricoarytenoid joint. Anteriorly, the cricoid and thyroid
cartilages are connected by the median cricothyroid liga-
ment. The cricoid cartilage is also hyaline and begins to
ossify in the second decade of life, after the thyroid carti-
lage. Therefore, the cartilage can also be viewed on radio-
logical examination.

e Tracheal rings: located below the cricoid cartilage. They
are C-shaped and have a lamina posteriorly and a carti-
laginous arch anteriorly.

o Transverse processes of cervical vertebrae.

Emergency Airway Access: Cricothyroidotomy
The safest and easiest way to access the airway in the event
of obstruction at or above the level of the vocal cords is

through the cricothyroid membrane. This layer of connective
tissue is relatively superficial and can be identified by palpat-
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Anterior Triangle

Posterior Triangle

Fig. 12.1 Triangles of the neck separated by the sternocleidomastoid
muscle

Anterior View of Larynx

Hyoid Bone

Thyrohyoid
Membrane

Thyroid
Cartilage

Cricothyroid Ligament

Cricoid Cartilage

Fig. 12.2 Anterior view: palpable structures in the neck

ing the prominence of the cricoid cartilage and then locating
the soft-tissue depression immediately above it and below
the thyroid cartilage. Entering the airway at this point avoids
the vascular thyroid isthmus that overlies the trachea.

Other cartilaginous structures in the neck include:

e The arytenoid cartilages: two pyramidal-shaped carti-
lages within the larynx that sit on top of the cricoid carti-
lage and are located posteriorly, protected by the thyroid
cartilage. The arytenoid cartilages have a vertical process,
a vocal process anteriorly to which is attached the vocal
fold (ligament, cord) and a lateral process to which laryn-
geal muscles attach. The articulation with the cricoid car-
tilage permits both lateral-medial sliding and rotational
movements. Thus, movements of the arytenoid cartilages
can approximate or separate the vocal folds and tense or
relax them. The arytenoid cartilages are hyaline, ossify
usually by age 30, and can be viewed on radiologic
examination.

* The epiglottis is a heart-shaped cartilage attached in the
angle between the thyroid laminae by the thyroepiglottic
ligament, just above the vocal fold. During swallowing,
the epiglottis is bent posteriorly to cover the opening to the
larynx and the airway. The epiglottis is elastic cartilage
covered by mucous membrane and it seldom ossifies.

Visceral Structures of the Neck
The Thyroid Gland

The thyroid gland consists of two lobes connected by an isth-
mus. The isthmus of the thyroid gland lies across the trachea
below the cricoid cartilage. The lobes of the gland then circle
laterally around the trachea, esophagus, and inferior constric-
tor muscle and are deep to the sternothyroid and sternohyoid
muscles. Often, a third (pyramidal) lobe extends superiorly
from the isthmus in the midline. The lobes of the thyroid press
posteriorly against the carotid sheaths. The recurrent laryngeal
nerves and branches of the vagus (Appendix 8) are located in
close proximity to the thyroid gland.

The thyroid gland receives its rich blood supply from the
superior thyroid branch of the external carotid artery and the
inferior thyroid branch of the thyrocervical trunk from the sub-
clavian artery. It is drained by the superior and middle thyroid
veins into the internal jugular vein and by the inferior thyroid
vein into the left brachiocephalic vein (see Appendix 2).

The Parathyroid Glands

Usually, there are four parathyroid glands within the capsule
of the thyroid gland or embedded within the thyroid. A
detailed description of the thyroid and parathyroid glands is
beyond the scope of this book.
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The Submandibular Salivary Gland

The submandibular gland is located inferior and medial to
the mandible. It is enclosed in a connective tissue capsule,
secretes saliva, and contains both serous and mucous produc-
ing cells. The gland empties via ducts of the submandibular
gland (Wharton’s duct) into the anterior floor of the mouth.
The facial artery passes through or over the posterior part of
the gland and curves superiorly onto the face over the infe-
rior border of the mandible.

Muscles of the Neck

The platysma is a large, superficial, thin muscle found in the
anterior and lateral portions of the neck. The major cutane-
ous nerves of the neck lie deep to this muscle. Because of its
innervation (facial nerve, CN VII) and function, it is grouped
with the muscles of facial expression.

Platysma

e Arises in fascia over the deltoid and pectoralis major
muscles

e [Inserts on border of mandible

e Decussates with platysma from opposite side and mus-
cles of facial expression over the chin

» [Innervated by cervical branch of facial nerve

* Located in subcutaneous tissue of the neck

e Lies superior to the external jugular vein

e Great variability 1in appearance,
continuity

e Functions:
— Tense skin
— Depress mandible
— Depress corners of mouth

thickness, and

The Posterior Triangle

The posterior triangle is bounded posteriorly by the anterior
border of the trapezius and anteriorly by the posterior border
of the sternocleidomastoid. The apex is formed where the
muscles meet above on the superior nuchal line. The base is
the middle third of the clavicle. The floor of the triangle is
formed by the deeper muscles. The muscles found in this
triangle include the following:

¢ Sternocleidomastoid
e Trapezius

e Levator scapulae

¢ Anterior scalene

e Middle scalene

* Posterior scalene
¢ Inferior belly of omohyoid

Sternocleidomastoid Muscle

* Arises inferiorly by two heads from the upper border of
the manubrium and the medial one third of the
clavicle

» [Inserts above onto the lateral surface of the mastoid pro-
cess and lateral half of superior nuchal line

e [Innervated by the accessory nerve (CN XI)

e Actions when one side contracts:
— Rotates head to opposite side
— Tilts head toward shoulder

e Actions when both contract:
— Draws head forward
— Flexes cervical vertebral column
— Can elevate thorax in forced inspiration

Trapezius Muscle

e Arises from medial third of superior nuchal line, external
occipital protuberance, ligamentum nuchae, and spinous
process of C7-T12 vertebrae

e [Inserts on lateral third of clavicle, acromion, and spine of
scapula

e [Innervated by accessory nerve and C3 and C4

o Functions: elevates, retracts, and rotates scapula

Levator Scapulae Muscle

e Arises from the transverse process of C1-C4 vertebrae
e Inserts on medial border of the scapula

e Innervated by C3-C5

e Functions: inclines the neck laterally

Posterior Scalene Muscle

e Arises from transverse process of C4—C6 vertebrae

e [Inserts on second rib

e [Innervated by ventral rami of C5-C8

e Bends the cervical vertebral column to the same side
e Located between middle scalene and levator scapulae

Middle Scalene Muscle

e Arises from the transverse processes of the cervical
vertebrae

e Inserts on posterior first rib

e [Innervated by ventral rami of spinal nerves C3—-C8

e Functions: if the first rib is fixed, it bends the cervical
vertebral column forward and laterally

e The roots of the brachial plexus emerge between the ante-
rior and middle scalene muscles

Anterior Scalene Muscle

e Arises from the transverse processes of cervical
vertebrae

e Inserts on first rib
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e Lies deep to the subclavian vein and superficial to the
subclavian artery

e The brachial plexus and subclavian artery emerge from its
posterolateral border

e Phrenic nerve lies on top and crosses medially as it
descends

e The subclavian vein, suprascapular artery, and superficial
cervical artery cross on top of the anterior scalene

e Thyrocervical trunk of the subclavian artery is on the
medial border

» Flexes and rotates cervical vertebral column

The posterior triangle of the neck is further subdivided
into the occipital triangle and the supraclavicular triangle
by the inferior belly of the omohyoid muscle (Fig. 12.4).

Anterior Triangle

The anterior triangle is bounded in front by the midline of the
neck, behind by the anterior border of the sternocleidomas-
toid and above by the lower border of the mandible. The
anterior triangle contains the pharynx and esophagus, the lar-
ynx and trachea, and the thyroid gland. It also contains a
major neurovascular bundle that includes the carotid arteries
and the branches of the external carotid, the internal jugular
vein and its tributaries, and the vagus nerve and its branches.
The common and internal carotid arteries, internal jugular

Fig. 12.3 Anterior view:
muscles of the neck

Sternolyyoid Muscle,

Sternothyroid Musele

Phrenie Nerve—

Sternocleidomastoid
Muscle

vein, and vagus nerve are enclosed in the carotid sheath of
fascia.

The muscles of the anterior triangle are divided into the
infrahyoid group and the suprahyoid group. All of these mus-
cles help control the posture of both the larynx and the
tongue during speech and swallowing. They also balance the
muscles posterior to the vertebral column, influencing the
posture of the head.

Infrahyoid Group

All infrahyoid muscles (also called strap muscles) are inner-
vated by fibers from the upper cervical spinal nerves which
accompany the hypoglossal nerve to form the ansa cervica-
lis. The infrahyoid group consists of the following muscles
(Fig. 12.3):

e Omohyoid

o Sternohyoid

e Sternothyroid
e Thyrohyoid

The omohyoid and sternohyoid are superficial to the ster-
nothyroid and thyrohyoid which are deep.

Omohyoid Muscle

e Long thin muscle that crosses both the anterior and poste-
rior triangles

e Arises from the upper border of the scapula

Owmiohyoid Muscle
(Superior Belly)

__Thyrolyoid Muscle

_ Posterior Scalene
Muscle

Oumrolyoid Muscle
(Tnferior Belly)

Middle Scalene
Muscle

Anterior Scalene
Muscle
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e Inserts on the lower border of the hyoid bone Mylohyoid Muscle

¢ Has an intermediate tendon that passes through an indis- ¢ Arises from the mylohyoid line on the medial surface of
tinct sling of fascia attached to the clavicle and the first rib the body of the mandible

deep to the sternocleidomastoid
e Lowers the hyoid bone

Sternohyoid Muscle

* Arises from the posterior surface of the sternoclavicular
joint

» Inserts on lower border of the body of the hyoid bone

e Lowers the hyoid bone after swallowing

Sternothyroid Muscle

e Arises from the posterior deep surface of the manubrium
 Inserts on the oblique line of the thyroid lamina

e Depresses larynx after swallowing

Thyrohyoid Muscle

* Arises from the oblique line of the thyroid lamina

* Appears as superior continuation of sternothyroid muscle

* Inserts at lower border of greater horn and body of the
hyoid bone

Stylohyoid Muscle

e Arises from the base of the styloid process
 Inserts on body and greater horn of hyoid
e Innervated by facial nerve

Suprahyoid Group

If the hyoid bone is stabilized, the suprahyoid muscles
depress the mandible (open the mouth). If the mandible is
stabilized, they elevate the hyoid bone, a common action in
speech and swallowing. The suprahyoid group consists of
four muscles:

*  Mylohyoid
e Geniohyoid
e Digastric

e Stylohyoid

Digastric Muscle

* Arises from the mastoid notch medial to the mastoid
process

» Inserts in the digastric fossa on the lingual surface of the
mandible near the midline

e Has an intermediate tendon which passes through a sling
formed by the attachment of the stylohyoid muscle to the
lesser horn of the hyoid

e Posterior belly innervated by the facial nerve

e Anterior belly is innervated by the mylohyoid branch of
the inferior alveolar branch of the trigeminal nerve

e Inserts on both the body of the hyoid and, anteriorly, a
midline connective tissue raphe, forming the muscular
floor of the oral cavity

* Innervated by the mylohyoid branch of the inferior alveo-
lar nerve branch of the trigeminal nerve

e Elevates the floor of the mouth and the hyoid bone

Geniohyoid Muscle

e Located above the mylohyoid muscle

e Arises from the inferior mental spine (genial tubercle)
e Inserts on anterior surface of the hyoid bone

¢ Elevates and protrudes hyoid

e Supplied by fibers from C1 via the hypoglossal nerve

Stylohyoid Muscle

e Arises from styloid process of temporal bone.

* Located anterior and superior to the posterior belly of the
digastric muscle.

e Inserts on body of the hyoid bone.

e Innervated by the facial nerve (CN VII).

e Elevates and retracts hyoid.

e The stylohyoid ligament arises from the tip of the styloid
process and extends to the hyoid bone. It may become
ossified.

Actions of Suprahyoid Muscles

e If hyoid is stabilized, depress mandible.
e If mandible is stabilized, elevate hyoid.
e Attach hyoid to mandible.

The anterior triangle of the neck is subdivided into the
submandibular triangle, submental triangle, carotid trian-
gle, and muscular triangle (Fig. 12.4).

The muscles of the posterior neck and the vertebral mus-
cles are beyond the scope of this book and are therefore not
included.

Fascia of the Neck

Dense connective tissue called fascia surrounds many of the
structures in the neck and segments the neck into various
compartments. Understanding their anatomy explains the
potentially dangerous spread of infection in the neck region.

The superficial cervical fascia encircles the neck and con-
sists of adipose-rich connective tissue directly underlying the
dermis. The platysma muscle lies within this superficial
layer.
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Fig. 12.4 Lateral view: triangles of the neck

The deep cervical fascia divides the contents of the neck
into compartments. It consists of four layers: investing, pre-
tracheal, prevertebral, and carotid sheath. The investing layer
surrounds the entire neck deep to the skin and superficial
cervical fascia. It splits to encircle the sternocleidomastoid
and trapezius muscles, the submandibular gland, and the
parotid gland. The investing layer is tightly bound to the
adjacent bony structures. It condenses to form the ligamen-
tum nuchae in the posterior and the stylomandibular liga-
ment laterally.

The pretracheal layer of the deep cervical fascia is in the
anterior portion of the neck from the hyoid to the thorax. It
encircles the suprahyoid and infrahyoid muscles, the trachea,
esophagus, and thyroid gland.

Posteriorly, the prevertebral layer surrounds the cervical
vertebral column and its deep muscles. The carotid sheath is

Submandibular
triangle

Submental
triangle

Muscular
triangle

an extension of these fascial layers, and it surrounds the
common and internal carotid artery, the internal jugular vein,
and the vagus nerve (CN X).

Another layer of fascia (the buccopharyngeal fascia)
invests the pharynx located superiorly. Inferiorly, it is con-
nected to the pretracheal fascia. This creates a potential space
between the prevertebral layer of fascia and the pretracheal
layer/buccopharyngeal fascia, the retropharyngeal space,
which communicates down to the mediastinum. It is subdi-
vided by a thin alar fascia (Fig. 12.5).

Notice the interfascial potential spaces. These areas con-
sist of loose connective tissue and allow the structures in the
neck to move and slide over each other. They also allow sep-
aration of the structures during surgery or dissection. This is
also the site of infection, inflammation, and tumor spread
guided by the fascia.
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Fig. 12.5 Fascia of the neck

Nerves of the Neck
Accessory Nerve (CN XI)

From the accessory nucleus in the cervical spinal cord (bran-
chial motor) at the level of the C1-C5 segments, the acces-
sory nerve (CN XI) enters the cranial cavity through the
foramen magnum. It then exits the skull through the jugular
foramen. The nerve passes deep to the sternocleidomastoid
muscle, which it supplies, emerges from its posterior border,
and crosses the posterior triangle across the levator scapulae
muscle above the prevertebral layer of the deep cervical fas-
cia. It enters the trapezius muscle to innervate it. It courses
within or deep to the investing layer of the deep cervical
fascia.

Cervical Nerves

Fibers from the upper cervical spinal nerves (Appendix 7)
accompany the hypoglossal nerve to form the ansa cervica-
lis. These fibers join the hypoglossal nerve as it leaves the
hypoglossal canal, travels with it a short distance, and leaves
the nerve to form the superior limb of the ansa cervicalis.
This limb is joined by other fibers from the upper cervical

Buccopharyngeal
fascia

Alar fascia

segments (inferior limb) to form the ansa. The fibers to the
thyrohyoid and geniohyoid muscles leave the hypoglossal
nerve as a separate branch (C1 fibers) rather than accompa-
nying the fibers to the ansa.

The cervical plexus gives off several additional branches.
The lesser occipital nerve supplies the skin of the posterolat-
eral scalp and the superior portion of the external ear. The
great auricular nerve supplies the skin over the parotid
gland, over the mastoid process, and on the posterior surface
of the external ear. The transverse cutaneous nerve of the
neck supplies the skin of the anterior neck from the chin to
the sternum. The supraclavicular nerves supply the skin of
the back, shoulder, and chest down to the level of the second
rib. These nerves along with the accessory nerve (CN XI)
emerge from under the posterior midportion of the sterno-
cleidomastoid muscle (Fig. 12.6).

The cervical plexus also gives rise to the phrenic nerve
that innervates the diaphragm. It courses across the top of the
anterior scalene muscle.

Facial Nerve (CN VII) Branches

The course of the facial nerve is described in Appendix 6.
The mandibular branch of the facial nerve courses onto the
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Sterno
mastoid

Accessory
nerve

Trapezius

Fig. 12.6 Lateral view: superficial nerves of the neck

neck approximately 2 cm below the inferior border of the
mandible before it crosses the facial artery and vein to inner-
vate the depressor muscles of the lower lip. The cervical
branch of the facial nerve is inferior to the mandibular nerve
and innervates the platysma.

Glossopharyngeal Nerve (CN IX)

The course of the glossopharyngeal nerve (including its
role in parasympathetic innervation of the parotid, and spe-
cial sensory (taste)) is described in detail in Appendix 8 and
shown in Fig. 12.7. It exits the cranium through the internal
jugular foramen deep to the styloid process and follows the
lateral surface of the stylopharyngeus muscle which it sup-
plies. It courses between the superior and middle pharyn-
geal constrictor muscles to provide sensation to the
posterior third of the tongue, palatine tonsil, pharynx, and
soft palate. It gives rise to lingual, tonsillar, and pharyngeal
branches. It also sends a sensory branch to the carotid body
and sinus. This nerve initiates the gag reflex.

Great auricular
nerve

Transverse
cervical nerve

Supraclavicular
nerves

Pherinic nerve

Brachial plexus

Deltoid

Vagus Nerve

The vagus nerve is described in detail in Appendix 9. It
leaves the cranium and enters the neck through the jugular
foramen, between the glossopharyngeal and accessory
nerves. The vagus then descends in the neck within the
carotid sheath. It sends branches to the palate, pharynx, and
larynx (Fig. 12.8). The superior laryngeal nerve arises high
in the carotid triangle and branches into the external laryn-
geal nerve and the internal laryngeal nerve. The external
laryngeal nerve descends with the superior thyroid artery,
deep to the sternothyroid muscle to supply the cricothyroid
muscle. The internal laryngeal nerve passes through the thy-
rohyoid membrane with the superior laryngeal artery to sup-
ply sensation to structures superior to the vocal folds and
inferior to the epiglottis.

The right and left vagus nerves follow different paths as
they descend in the neck. The left vagus descends between
the left subclavian and left common carotid arteries. The
right descends between the subclavian artery and the bra-
chiocephalic vein. In the root of the neck, the vagus nerve
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Fig. 12.7 Lateral view:
peripheral distribution of the
glossopharyngeal nerve
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gives rise to the recurrent laryngeal nerves. The left recur-
rent laryngeal nerve loops under the arch of the aorta, and
the right recurrent laryngeal nerve arises more superiorly
coursing under the right subclavian artery. The recurrent
laryngeal nerves on both sides course superiorly deep to
the medial portion of the thyroid in the trachea—esophageal
groove. The recurrent laryngeal nerves supply all of the
intrinsic muscles of the larynx with the exception of the
cricothyroid muscle.

The vagus then continues to descend into the thorax and
abdomen, beyond the scope of this book.

The Cervical Sympathetic Trunk

In the neck, the sympathetic trunk ascends anterolateral to
the cervical vertebrae. It usually contains three ganglia (infe-
rior, middle, and superior) that receive presynaptic fibers
from the thoracic spinal nerves. After synapsing in the supe-
rior cervical ganglion, the postsynaptic fibers ascend as peri-
arterial nerve plexuses to the head and neck, especially in the
internal carotid plexus. Often, the inferior cervical ganglion
is fused with the first thoracic ganglion and is then called the
stellate ganglion, at the level of C7.

Hypoglossal Nerve

This nerve innervates the extrinsic and intrinsic muscles
of the tongue, except the palatoglossus which is embryo-
logically a muscle of the palate supplied by the vagus
nerve. Its course is described in Appendix 10. It exits the
cranium through the hypoglossal canal in the occipital
bone and enters the neck underneath the posterior belly
of the digastric muscle, courses inferiorly. Where the
external carotid artery gives rise to the occipital artery,
the hypoglossal nerve passes inferior to the occipital
artery, courses anteriorly, superficial to the internal and
external carotid artery. It passes deep to the anterior por-
tion of the posterior belly of the digastric, superficial to
the hyoglossus muscle, and dives deep to the mylohyoid
muscle.

The hypoglossal (Fig. 12.9) is joined, after it leaves the
skull through the hypoglossal canal, by fibers from the ventral
rami of the first and second cervical nerves. These fibers sub-
sequently leave the hypoglossal nerve and descend to form a
loop with descending fibers from the ventral rami of the sec-
ond and third cervical nerves. The loop is the ansa cervicalis,
and fibers from it innervate all of the muscles joining the clav-
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Fig. 12.8 Lateral view: vagus distribution within the neck

icle to thyroid cartilage to hyoid bone to mandible, except the
digastric (trigeminal and facial nerves) and mylohyoid (tri-
geminal nerve). These "strap muscles" are the omohyoid, ster-
nothyroid, sternohyoid, thyrohyoid, and geniohyoid.

Arteries of the Neck

On the left, the common carotid and subclavian arteries
are both branches of the arch of the aorta. On the right,
the brachiocephalic trunk from the aorta divides into the
common carotid and subclavian arteries. Please consult
Appendix 2 for illustrations of these vessels.

Branches of the Subclavian Artery (Fig. 12.10)

Medial to the anterior scalene muscle, the subclavian artery
gives of the following vessels:

1. The vertebral artery ascends and disappears into the fas-
cia covering the vertebral muscles and then enters the
transverse foramen of vertebra C6, ultimately entering the
skull through foramen magnum.

2. The internal thoracic artery descends into the thorax.

3. The thyrocervical trunk has three branches:

(a) The inferior thyroid artery that supplies the thyroid
gland and adjacent muscles.
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Fig. 12.9 Lateral view:
distribution of the hypoglossal Styloglossus
nerve with connections to the
cervical plexus

Hypoglossal Intrinsic muscles
nerve of tongue
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Fig. 12.10 Anterior view:
branches of the subclavian Comnion Carotid Artery
artery in the root of the neck Inferior Tf2yroid Artery

Anterior Scalene Musele

Transverse Cervical Artery

Deep Cervical Artery Middle Scalene Muscle

Supreme Intercostal Artery

Dorsal Scapular Artery

Vertebral Artery

Internal Thoracic Artery
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(b) The suprascapular artery passes anterior to the ante- (c) The superficial cervical artery arises superior to the
rior scalene muscle, lateral to the brachial plexus, suprascapular artery. This artery also passes anterior
deep to the sternocleidomastoid muscle, and internal to the anterior scalene muscle, lateral to the brachial
jugular vein. The suprascapular artery supplies the plexus, deep to the sternocleidomastoid muscle and

muscles posterior to the scapula. internal jugular vein. It crosses the posterior triangle
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and disappears beneath the trapezius. It supplies the
trapezius and adjacent muscles.

Deep to the anterior scalene muscle, the subclavian has
one branch, the costocervical trunk. The origin of this trunk
is on the posterior surface of the subclavian artery. The cos-
tocervical trunk branches into the supreme intercostal artery
and the deep cervical artery. The deep cervical artery passes
between the transverse process of the C7 vertebra and the
neck of the first rib to supply the muscles of the back of the
neck.

Distal to the anterior scalene, the subclavian gives off the
descending scapular artery. This artery passes through the
brachial plexus, anterior to the middle scalene muscle and
deep to the levator scapulae to supply muscles attached to the
medial border of the scapula. Variations do occur. The super-
ficial cervical and descending scapular arteries frequently
have a common origin from the thyrocervical trunk called
the transverse cervical artery. The transverse cervical has a
superficial branch with the same distribution as the descend-
ing scapular artery.

Carotid Artery Branches in the Neck

The common carotid artery bifurcates at the level of the
hyoid bone into the internal and external carotid arteries. The
internal carotid artery has no branches until it enters the cra-
nial cavity. The external carotid artery has a number of
important branches in the neck that are listed below.

The ascending pharyngeal artery is the first branch of the
external carotid artery and usually the smallest. It arises just
above the bifurcation of the common carotid from the medial
side of the external carotid and courses superiorly, supplying
the wall of the pharynx.

The second branch is the superior thyroid artery. It arises
from the anterior surface of the external carotid artery and
supplies the thyroid gland, larynx, and adjacent muscles.

The third branch, also from the anterior surface of the
external carotid, is the lingual artery. It supplies the tongue
and the floor of the mouth.

The fourth branch of the external carotid artery, also ante-
rior, is the facial artery. It loops medial and superior to the
submandibular gland before becoming subcutaneous on the
lateral surface of the mandible. The facial artery has branches
that supply the wall of the pharynx and the soft palate and
tonsillar bed. It also supplies the submandibular salivary
gland and gives off a submental branch that runs forward on
the mylohyoid muscle. Other branches supply the muscles

and skin of the face. The facial and lingual arteries some-
times arise from the external carotid as a common trunk.
The fifth branch of the external carotid in the neck is the
occipital artery that supplies the posterior scalp and the mus-
cles along its course. It emerges from the posterior surface of
the external carotid artery at the lower border of the posterior
digastric muscle, is deep to the hypoglossal nerve, and disap-
pears deep to the digastric. After the external carotid artery
courses superiorly out of the neck, it gives off a posterior
auricular branch and ends by forming superficial temporal
and maxillary arteries. Please see Appendix 2 for a complete
illustration of the external carotid artery and its branches.

Carotid Body

e Mass of tissue in bifurcation of carotid artery.
e Chemoreceptor monitors oxygen levels in blood.

Carotid Sinus

Slight dilation of internal carotid artery
e Baroreceptor
e Responds to changes in arterial blood pressure

Veins of the Neck

The veins of the neck (Fig. 12.11) are even more variable
than the arteries. The retromandibular vein descends through
the parotid gland posterior to the mandible. At the lower bor-
der of the jaw, it often divides into anterior and posterior
trunks. The posterior trunk joins the posterior auricular vein
to form the external jugular. The anterior trunk joins the
facial vein to form the common facial which drains into the
internal jugular. The external jugular vein located on top of
the sternocleidomastoid muscle empties into the subclavian
vein. The subclavian vein is anterior to the subclavian artery
and is separated from the artery by the anterior scalene mus-
cle. The internal jugular vein is medial to the sternocleido-
mastoid muscle. It joins the subclavian vein to form the
brachiocephalic vein. The two brachiocephalic veins join to
form the superior vena cava. The anterior jugular vein
descends from the hyoid region anterior to the sternocleido-
mastoid muscle and passes between the sternocleidomastoid
and the sternohyoid to join either the external jugular or the
subclavian vein. Smaller and less predictable tributaries of
the veins usually accompany the arteries.
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Fig.12.11 Anterior view: Thyroid Cartilage
veins of the neck
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Anatomy of the Superficial Face:
Muscles of Face and Scalp, Superficial

13

Vessels and Nerves, Major Salivary

Glands

Christine E. Niekrash

The surface anatomy of the face, although highly variable in

appearance, has several constant landmarks illustrated in
Fig. 13.1.

Muscles of Facial Expression

The muscles of facial expression are located in the subcuta-
neous tissue. They attach to fascia or bone and insert into the
skin. When they contract, they produce the myriad of facial

Fig. 13.1 The surface
anatomy of the face, although
highly variable in appearance,
has several constant
landmarks illustrated in this
figure
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expressions. All of the motor functions of the muscles of
facial expression are supplied by the facial nerve (CNVII),
with no exception. The full description of the facial nerve
distribution can be found in Appendix 6 of this book. The
facial nerve also supplies motor innervation to the stylohy-
oid, posterior belly of the digastric, and stapedius muscles.
The muscles of facial expression are difficult to dissect
because they are small and insert directly into the skin to
provide the complex movements involved with facial expres-
sions. They may also be embedded with fat. Figure 13.2 dis-
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Fig. 13.2 Lateral view:
superficial muscles of facial
expression, masseter,
sternocleidomastoid,
trapezius, posterior scalene,
levator scapulae, and splenius
muscles

Fig. 13.3 Lateral view: deep
muscles of facial expression,
masseter (cut), temporalis
(cut), and parotid duct
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plays the muscles of facial expression. The deeper muscles Additional, more detailed descriptions of these muscles are

are shown in Fig. 13.3.

provided in the specific anatomical region chapters. Please

The origins, insertions, and major functions of the mus- refer to Appendix 1, Relevant Osteology for descriptions and
cles of facial expression are listed in the chart below. images of the bones.
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Occipitofrontalis:
Contains epicranial
aponeurosis

Occipitalis attaches

posteriorly to superior

nuchal line
Frontalis inserts
anteriorly into
orbicularis oculi
Functions to raise
eyebrows and
furrow skin of
forehead
Its position effects
the positionof the
eyebrow

Orbicularis oculi:
Arises from
nasal part of
frontal bone
Attaches at
frontal process
of maxilla
Courses
beneath the
skin of upper
and lower
eyelids
Functions as
sphincter of
eye, voluntarily
and

Zygomaticus major
and minor:

Arises from
anterior surface of
zygomatic bone
Inserts into corner
of the mouth

Pulls the angle of
the mouth upward
and laterally
(smile)
Zygomaticus major
is located lateral to
zygomaticus minor

involuntarily

Mediates eye

closure
Levator labii Levator anguli Depressor anguli
superioris: oris: oris:

Arises from lower
margin of orbit
above infraorbital
foramen

Inserts into muscles
surrounding upper
lip

Raises and everts
upper lip
Infraorbital nerve
lies deep to this
muscle

With aging, this
muscle contributes
to tear trough
formation

Arises from
canine fossa
Arises below
the infraorbital
foramen
Inserts into
corner of the
mouth
Raises the
angle of the
mouth

Arises from
external oblique
line of the mandible
and below mental
foramen

Inserts into corner
of mouth

Pulls the angle of
the mouth
downward and
laterally

With aging,
contraction causes
Marionette lines to
form

Levator labii | Risorius: Alaeque nasi: Corrugator
superioris: Arises Originates supercilii:
Arises from from from nasal Arises
maxilla at parotid bones medially
the lower fascia Inserts into from
medial Inserts at skin above nasofrontal
margin of angle of glabella suture
orbit the mouth Depresses Courses
Inserts into Dilates medial laterally and
alar mouth eyebrow superficially
cartilage of and Contraction Inserts into
nose depresses creates skin above
Dilates nostril corner of horizontal superciliary
mouth lines between | arch
eyebrows Pulls
eyebrows
medially
and
inferiorly
Forms
vertical
lines in
between
eyebrows

Depressor labii inferioris:
Arises from the mandible
superior and medial to
depressor anguli oris
Inserts into muscle fibers of
lower lip
Depresses lower lip

Orbicularis oris:
Consists of intrinsic fibers
encircling lips, combining
fibers contributed by all
muscles which insert in and
around the lips
Decussation ensures seal of
lips
Functions as sphincter of the
mouth, compresses lips,
protrudes lips
Functions in speech and
mastication

Mentalis:

Arises from the incisive fossa
of the mandible

Inserts into skin of lower lip
and chin

Raises and protrudes the lower
lip, wrinkling skin of chin
Contraction results in
cobblestone chin

Platysma:
Arises from fascia covering
upper parts of anterior chest
muscles
Fibers cross clavicle and
insert into lower border of
mandible, skin, and
subcutaneous tissue of lower
face and muscles around
angle of the mouth
Wrinkles skin of neck, may
depress mandible and
corners of the mouth

Buccinator:

Arises from horizontal line
above the alveolar process of
maxilla, from external oblique
line of mandible, and from
pterygomandibular raphe
Raphe extends from pterygoid
hamulus to posterior end of
mylohyoid line near third molar
Fibers insert into corner of the
mouth

Presses cheek against the teeth,
keeping food on biting surfaces
When cheeks are distended,
expels air trapped in the mouth
(means trumpeter)

With aging, wrinkles in the skin form perpendicular to the
direction of muscle fibers and direction of force (Fig. 13.4).

Overview of Superficial Sensory Nerves

of the Face

The complete distribution of the trigeminal nerve is explained
in Appendix 5: Trigeminal Nerve. The description of the cer-
vical plexus is found in Appendix 7: Cervical Plexus. The
superficial sensory nerve fibers found in the face are
described in the following (Fig. 13.5).

The supraorbital branch of the frontal branch of the oph-
thalmic division of the trigeminal nerve emerges from the
supraorbital notch or foramen beneath the frontalis muscle.
It supplies the skin of the forehead and much of the scalp,
and it sends branches to the frontal sinus as well as to the

conjunctiva of the eye.

The small supratrochlear branch of the frontal branch of
the ophthalmic division of the trigeminal nerve supplies the
skin medial to the eye and sends branches to the upper lid
and forehead. It also sends branches to the conjunctiva of the
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Fig. 13.4 Location of
wrinkles that form as a result
of the contraction of the
muscles of facial expression

eye. (One of the muscles of the eye makes a bend in the orbit,
passing through a connective tissue loop called the trochlea.
This nerve emerges above the attachment of the trochlea to
the medial wall of the orbit.)

The tiny infratrochlear branch of the nasociliary branch
of the ophthalmic division of the trigeminal nerve emerges
below the trochlea and supplies the skin on the lateral surface
of the nose and medial to the eye and sends branches to the
conjunctiva and to the lacrimal sac.

A cutaneous branch of the lacrimal branch of the ophthal-
mic division supplies a small piece of skin over the lateral
portion of the upper lid. It emerges beneath the lateral third
of the orbital margin.

The small external nasal termination of the nasociliary
branch of the ophthalmic division supplies the skin at the tip
of the nose and the vestibule of the nose. It emerges at the
lower edge of the nasal bone, between the bone and the car-
tilage forming the tip of the nose.

Muscles of facial expression
Anterior view

Galea aponeurotica

Frontal belly (frontalis)
of epicranius muscle

Procerus muscle

Corrugator supercilii
muscle

Orbital part of orbicularis
oculi muscles

Palpebral part of orbicularis
of oculi muscles

Transverse part of nasalis
muscle

Palpebral part of orbicularis
of oculi muscles

Levator labii superioris
muscle

Auricularis anterior muscle
Zygomaticus minor muscle
Zygomaticus major muscle
Alar part of nasalis muscle
Levator anguli oris muscle
Buccinator muscle

Risorius muscle

Depressor septi nasi muscle
Orbicularis oris muscle

Depressor anguli oris
muscle

Depressor labii inferioris
muscle

Platysma muscle
Mentalis muscle

Hair-sized zygomaticotemporal and zygomaticofacial
branches of the zygomatic branch of the infraorbital branch
of the maxillary division of the trigeminal nerve supply the
skin over the zygoma and the temple. They emerge through
the lateral wall of the orbit through foramina with names the
same as the nerves.

The terminal infraorbital branch of the maxillary division
of the trigeminal nerve supplies the skin of the lower lid,
middle face, upper lip, and lateral surface of the nose. It
emerges from the infraorbital foramen deep to the levator
labii superioris and superficial to the levator anguli oris
muscles.

The auriculotemporal branch of the mandibular division
of the trigeminal nerve supplies the skin over the temple, the
skin surrounding the auditory canal, and the tympanic mem-
brane. It also provides branches to the temporomandibular
joint. It is accompanied by the superficial temporal artery
and vein.
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Fig. 13.5 Superficial sensory
nerves found in the face are
illustrated. The origins of the
nerves are indicated by the
color of the region of the face
in this drawing

Aunriculotensporal Nerve

Zygomaticotemporal Nerve

Zysomaticofacial Nervé

The buccal branch of the mandibular division supplies the
skin and oral mucous membrane overlying the buccinator
muscle.

The mental branch of the mandibular division supplies
the skin and oral mucous membrane of the lower lip. It
emerges from the mandible through the mental foramen
beneath the depressor anguli oris muscle.

The great auricular nerve is a cutaneous branch from the
cervical plexus of nerves (see Appendix 7: Cervical Plexus).
It ascends in the neck and provides sensation to the inferior
auricle, and the skin is located over the angle of the mandible
and parotid gland.

Superficial Motor Nerves to the Muscles
of Facial Expression

All of the muscles of facial expression are innervated by
branches of the facial nerve (CNVII). The distribution of the
facial nerve is described in Appendix 6. The superficial
branches encountered in the face are described below. It is
important to note that disruption of the facial nerve can result
in the inability to close the eye, seal the mouth, and hemi-
paralysis of the face.

After a lengthy course through the facial canal in the
temporal bone, the facial nerve emerges from the cranium

Lacrimal Nerve,

Supraorbital Nerve

Supratrochlear Nerve

Infratrochlear Nerve

External Nasal Nerve

Buccal Nerv
e Infraorbital Nerve

Mental Nerve

B ieminal Nerve (173)

through the stylomastoid foramen, anterior and medial to
the external ear. It immediately gives rise to the posterior
auricular branch which courses posteriorly and superi-
orly behind the external ear between the parotid gland and
the sternocleidomastoid muscle. It innervates the occipital
portion of the occipitofrontalis muscle and the posterior
external muscles of the ear. It also provides some sensa-
tion to the mastoid region and the posterior auricle. The
motor fibers to the stylohyoid and posterior digastric mus-
cles leave the trunk of the nerve lateral to the styloid
process.

The main trunk of the facial nerve continues anteriorly
through the parotid, dividing ultimately into five terminal
branches. The most superior is the temporal branch. It leaves
the superior portion of the parotid and course superficially
over the zygomatic arch and innervates the superior portion
of the orbicularis oculi, the frontalis portion of the occipito-
frontalis muscle, and the anterior external muscles of the ear.
Damage to this branch can result in paralysis of the
forehead.

The zygomatic branch passes anteriorly on top of the
masseter muscle to the region lateral and inferior to the orbit.
Importantly, it supplies the inferior portion of the orbicularis
oculi. Damage to this branch may result in an inability to
close and protect the eye. This branch also innervates the
muscles of facial expression just inferior to the orbit.
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The buccal branch travels on the lateral surface of the
buccinator muscle which it supplies and extends to the mus-
cles controlling both lips including segments of the orbicu-
laris oris. This nerve branches extensively anterior to the
parotid gland, but lies beneath the parotid fascia.

The mandibular branch courses inferiorly and exits from
the parotid gland lateral to the mandible and deep to the pla-
tysma over the angle of the mandible. It supplies the muscles
of the chin and lower lip, including risorius.

The cervical branch travels inferiorly to supply the
platysma.

Multiple anastomoses among the nerve branches create
highly variable distributions.

Overview of Superficial Vessels of the Face

Appendix 2: Major Blood Vessels of the Head and Neck con-
tains a full description of the distribution of the blood ves-
sels. The superficial branches are described below.

The supraorbital and infraorbital nerves are accompanied
by arteries with the same names, terminal branches of the
ophthalmic and maxillary arteries, respectively. Immediately
anterior to the ear, and commonly buried in dense fascia, are
the superficial temporal artery and vein accompanied by the
auriculotemporal nerve. The superficial temporal artery is
one of the terminal branches of the external carotid artery.
The vein drains into the retromandibular vein. These vessels
supply the tissues that overlie the temporalis muscle. The
transverse facial branch of the superficial temporal artery lies
parallel to and slightly below the zygomatic arch.

The facial artery (Fig. 13.6) and accompanying vein cross
a notch in the lower border of the mandible anterior to the
masseter muscle. It is located superficially just beneath the
platysma. The pulse can be felt in this artery at this location.
The facial artery is a branch of the external carotid, and the
accompanying vein drains into the internal jugular vein after
joining a branch of the retromandibular vein. The facial artery
courses tortuously and superiorly, crossing superficial to the
buccinator and levator anguli oris, deep to the zygomatic
major, and usually deep to the levator labii superioris ending
on the lateral surface of the nose. It has a submental branch
(under the floor of the mouth), superior and inferior labial
branches to the upper and lower lips, and a lateral nasal
artery to the side of the nose. The facial artery terminates as
the angular artery after it gives off the lateral nasal artery.

The Major Salivary Glands

Although there are many small salivary glands scattered
throughout the oral cavity, there are three paired major sali-

vary glands: parotid, submandibular, and sublingual. The
major functions of saliva are listed below.

Functions of Saliva

e Protection
— Lubrication
— Mechanical washing
— Forms pellicle
*  Buffering
— Maintains pH
— Neutralizes acids
e Digestion
— Forms bolus
— Digests starch
e Taste
— Dissolves substances
e Antimicrobial function
— Mucus barrier
— Antibacterial proteins
— Antibodies
*  Maintenance of tooth integrity
— Enamel maturation
— Remineralization

Parotid Gland

The parotid gland is the largest of the major salivary glands,
has a complex shape, contains significant adipose tissue, and
is enclosed within a capsule. It lies both superficial to and
behind the posterior mandible and anterior and below the
external auditory meatus. The secretory glands of the parotid
are serous and they empty into the mouth via the parotid
(Stenson’s) duct, located in the buccal mucosa opposite to
the maxillary second molars. The duct courses anteriorly
across the lateral surface of the masseter muscle and then
travels medially through the buccinator muscle. The bed of
the parotid is formed posteriorly by the mastoid process and
the anterior border of the sternocleidomastoid muscle.
Anteriorly, the posterior border of the ramus of the mandible,
the masseter, and medial pterygoid muscles are beneath the
parotid gland. Superiorly, the capsule of the temporoman-
dibular joint and the tympanic portion of the temporal bone
compose the bed. The stylohyoid and digastric muscles form
the inferior boundary. Medially, the styloid process, the mus-
cles arising from it, and the fascia extending from the styloid
process to the posterior border of the ramus form the bed for
the gland. Processes from the body of the gland extend
between the ramus and the medial pterygoid muscle, between
the tympanic portion of the temporal bone and the capsule of
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Fig. 13.6 Lateral view:
distribution of the facial nerve
branches
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Fig. 13.7 Lateral view:
major branches of the external
carotid artery
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the temporomandibular joint, medially, anterior to the carotid
sheath, and on the face over the neck of the condyle, the tem-
poromandibular joint, and the masseter muscle.

The trunk of the facial nerve is embedded within the
parotid gland and the superficial branches emerge from the
gland as shown in Fig. 13.6 and in Appendix 6 (Facial nerve,
CN VII). Also, the external carotid artery and the retroman-
dibular vein are found within the gland. The sensory innerva-

Mandibular branch

Supraorbital
artery”

Supratrochlear*
artery

Angular artery

Lateral nasal
artery

Transverse
facial artery

Superior and inferior
labial arteries

Maxillary artery
Mental artery

Facial artery

tion to the gland and the skin overlying it is from the
auriculotemporal nerve (a branch of the mandibular division
of the trigeminal nerve, Appendix 5) and the great auricular
nerve (from the Cervical Plexus, Appendix 7). The parasym-
pathetic fibers originate in the glossopharyngeal nerve (CN
IX) and course to the otic ganglion where the fibers synapse.
The postganglionic fibers travel to the parotid gland via the
auriculotemporal nerve.
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Submandibular Gland

The submandibular gland is located inferior and medial to
the mandible. It has a capsule and secretes both serous and
mucus saliva. The gland empties via ducts of the subman-
dibular gland (Wharton’s duct) into the anterior floor of the
mouth. The gland may be palpated when the patient presses
his tongue against the upper incisor teeth. The parasympa-
thetic fibers originate in the facial nerve (CN VII, Appendix
6) through the chorda tympani to join the lingual nerve of the
mandibular division of the trigeminal nerve and travel to the
submandibular ganglion where they synapse and distribute
to the submandibular gland.

Sublingual Gland

The sublingual salivary glands are the smallest of the paired
major salivary glands, the most variable in appearance, and
not in a capsule. It is a primarily mucus-secreting gland that
opens into the floor of the mouth through a series of small
ducts. The parasympathetic innervation pathway is the same
as to the submandibular gland.
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Muscles of Mastication
and the Temporomandibular Joint

Christine E. Niekrash

The muscles of mastication cause movements of the mandi-
ble and the temporomandibular joint. These movements are
important in eating, swallowing, speech, and respiration. The
masseter, temporalis, lateral pterygoid, and medial pterygoid
are all derivatives of the first pharyngeal arch and are inner-
vated by branches of the mandibular division of the trigemi-
nal nerve (CNV). Appendix 5: Trigeminal Nerve provides
the full distribution of this nerve. The muscles of mastication
are listed below with their origin, insertion, and major func-
tions. Figure 14.1 illustrates the location of the masseter and
temporalis muscles. Figure 14.2 shows the position of the
medial and lateral pterygoid muscles.

Masseter

e Large superficial portion, smaller deep portion

* Arises from anterior two-third of the lower border of
zygomatic arch

* Inserts into the angle and lower half of the lateral surface
of the ramus of the mandible

e Innervated by a branch of the mandibular division of the
trigeminal nerve

* Functions as the most powerful elevator of the mandible

Temporalis

e Arises from the temporal fossa (bounded by the temporal
lines) and the deep surface of the temporal fascia

e Tendinous insertion on the coronoid process and the ante-
rior border of the ramus of the mandible as far inferiorly
as the distal molar tooth
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e Innervated by branches of the mandibular division of the
trigeminal nerve

* The thicker anterior portion of the muscle with nearly ver-
tical fibers, functions to elevate the mandible

* The thinner posterior portion with horizontal fibers, acts
to retrude the mandible after it has been protruded by the
lateral pterygoid muscles

Medial Pterygoid

e Arises from medial surface of lateral pterygoid plate and
often from the tuberosity of the maxilla

e Inserts on lower half of the medial surface of the ramus
and angle of the mandible

» Fibers approximately parallel to masseter fibers

e Innervated by mandibular division of V

* Functions to elevate the mandible

Lateral Pterygoid

e Upper head arises from infratemporal surface of greater
wing of sphenoid

e Lower head arises from lateral surface of lateral pterygoid
plate

e Inserts into anterior surface of neck of condyle and into
the articular disc

e Acts to protrude or open the mouth when the muscles of
the two sides act together

* Moves chin toward opposite side when only one muscle
contracts

17

E. M. Ferneini et al. (eds.), Applied Head and Neck Anatomy for the Facial Cosmetic Surgeon,

https://doi.org/10.1007/978-3-030-57931-9_14


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-57931-9_14&domain=pdf
https://doi.org/10.1007/978-3-030-57931-9_14#DOI
mailto:christine.niekrash@quinnipiac.edu

118

C. E. Niekrash

Masseter
Muscle

Fig. 14.1 Lateral view, masseter and temporalis muscles

Fig. 14.2 Posterior, coronal
view: location of medial
pterygoid and lateral
pterygoid muscles
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Innervated by mandibular division of
trigeminalThe Temporomandibular Joint

Articular Fossa
The temporomandibular joint is formed by the articular

(mandibular) fossa of the temporal bone, the articular emi-
nence anterior to the fossa on the inferior surface of the

Temporalis
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Internal Maxillary
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Medial Pterygoid
Muscle

Lateral Pterygoid
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Mylohyoid Groove

Geniohyoid (cut)

zygomatic arch, and the head of the condyle of the mandi-
ble. The lateral end of the articular eminence may be accen-
tuated to form an articular tubercle (Fig. 14.3).

Dense connective tissue forms the capsule of the joint.
The capsule is attached above to the post-glenoid lip in
the articular fossa and anteriorly to the anterior surface of
the articular eminence. Below, the capsule is attached to
the neck of the condyle. Its lateral surface is thickened to
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Fig. 14.3 Lateral view,
temporomandibular joint with . . .
mouth open (superior image) Upper joint  Articular Condy_le of
and mouth closed (inferior Compartment eminence mandible
image)
— Lateral
pterygoid

Lower joint-——- Condyle
compartment

form the temporomandibular ligament. This ligament is
attached anteriorly and above to the articular tubercle, and
posteriorly and below to the posterior surface of the neck
of the condyle. It limits posterior movement of the con-
dyle, protecting the relatively soft tissues that occupy the
posterior half of the articular fossa.

TMJ closed

Articular
disc

The temporomandibular joint is divided into two com-
partments by the dense fibrous tissue of the articular disc.
Simple rotational movements occur in the lower compart-
ment. Since the disc is rather tightly attached to the head of
the condyle, sliding motions occur in the upper compartment
to allow full opening of the mouth.
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Mathew Goldschmidt and Justin B. Clemow

Introduction

One of the greatest cosmetic concerns among patients is the
aging face and facial rhytids. The aging process is affected in
several ways by both intrinsic and extrinsic variables. Intrinsic
factors include genetics, loss of soft tissue volume, skeletal
changes affecting the foundation of the face, and muscle
activity/overactivity of the muscles of facial expression.
Extrinsic factors include photodamage (sun tanning and tan-
ning salons), gravity, alcohol consumption, and smoking.
Many of the variables can be treated, but typically require
multiple modalities and often require staging for optimal
results. Treating wrinkled skin requires not only resurfacing
the skin (i.e., chemical peels, lasers, Intense Pulse Light,
Broad Band Light, dermabrasion, etc.), but also the underly-
ing tissues including the muscles of facial expression.

Facial rhytids are one of the most common complaints
that are treated with regard to aging. The activity of the mus-
cles of facial expression may contribute to deep furrowing of
the skin both in dynamic appearances as well as static.
Consequently, the treatment of facial rhytids with Botulinum
toxin type A (BTX-A) is the most frequent minimally inva-
sive procedure performed each year in the United States. An
estimated 7.2 million BTX-A procedures were performed in
2017. This procedure continues to grow in popularity and
has risen over 800% since the year 2000 [1]. This is over four
times more popular than all of the cosmetic surgeries per-
formed in a year combined!

Botulinum toxin was initially approved in the United States
by the FDA in 1989 for the treatment of ophthalmological
conditions including strabismus and blepharospasm [2—4].
Subsequent to these indications, it was later discovered that
concomitantly, patients had improvement of facial rhytids in
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the glabellar region [5, 6]. In 2002, BTX-A was approved for
the temporary improvement in the appearance of moderate-to-
severe glabellar lines in adults [7]. As of writing this chapter,
the specific indications for cosmetic use per the FDA and man-
ufacturers include the treatment of rhytids in the glabellar,
forehead, and lateral canthal regions [7]. Dysport
(AbobotulinumtoxinA), Xeomin (incobotulinumtoxinA), and
Jeuveau (prabotulinumtoxinA-xvfs) are approved for the
treatment of moderate-to-severe glabellar lines [8, 9]. Botox®
owns 65% of the market share and this represents 3.17 billion
dollars in annual revenue for Allergan [10].

Pharmacology of Botulinum Toxin

There are seven different exotoxins produced by the bacteria,
Clostridium botulinum. The most commonly used toxins are
types A and B (the others are labeled C through H). Type A
is in fact the most potent of the various toxins and is the most
common cosmetic botulinum toxin used today. Type A toxin
is composed of a heavy chain (100-kDa) and a light chain
(50-kDA). The mechanism of action has been elucidated by
Huang et al. [11]. The heavy chain binds to the membrane of
the neuron. Upon binding to the membrane, the toxin is
moved intracellularly via endocytosis. The light chain then
degrades a protein (SNAP-25) that prevents acetylcholine,
stored intravesicularly, from binding to the nerve cell’s mem-
brane, and thus being released into the synaptic cleft or gap.
The affected nerve is rendered dysfunctional and a flaccid
paralysis of the muscle results. Type B botulinum toxin
works in a similar fashion but affects a different cellular pro-
tein, similar to SNAP-25. Most patients will begin to notice
the clinical effects of BTX-A a few days after treatment, but
the full clinical affect may take up to 10-14 days.

The nerve cell begins to recover several weeks after treat-
ment. The exact mechanism of recovery has still not been
elucidated [12]. In the interim, the presynaptic membrane
sends out new dendritic processes that establish a new synap-
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tic terminal. The new processes are able to release acetylcho-
line and affect the motor end plate until the original neurons
regain their actual function. Accordingly, the clinical affect
ends when the original neurons have regained their function.
For most patients, the resulting affect will last roughly
3 months. Some patients who undergo years of BTX-A treat-
ment may derive longer affects, but this is certainly not con-
sistent nor the anticipated result of repeated therapy [11].
BTX-B lasts less than BTX-A and most patients will have a
duration of action around 6-8 weeks.

4 units of BTX-A per 0.1 cc. Dysport and Xeomin do not rec-
ommend a specific dilution but does recommend reconstitut-
ing the product with preservative-free saline as well. All
manufacturers recommend single patient usage, administra-
tion within 24 hours, and storage between 2 °C and 8 °C. Off-
label reconstitution may include addition of local anesthetic
(most commonly lidocaine), epinephrine to reduce bruising,
and sodium bicarbonate to reduce the discomfort of the injec-
tion. One study suggested increased longevity when lidocaine
with epinephrine was used in part to reconstitute BTX-A [14].

BTX-A and BTX-B Production

There are four main corporations that produce BTX-A in the
United States: Merz (Xeomin), Galderma/Medicis/Tercica
(Dysport), Evolus (Jeuveau), and Allergan (Botox). Xeomin
is supplied in either 50- or 100-unit vials. Dysport (aibobotu-
linum toxin) is supplied in either 300- or 500-unit vials. In
addition, 125 mcg of albumin and 2.5 mg of lactose are com-
pounded with the botulinum toxin and may cause sensitivity
in patient allergic to milk protein. Jeuveau is supplied in 100-
unit vials, and Botox is supplied in either 50- or 100-unit
vials. There are 0.25 mg of human albumin and 0.45 mg of
sodium chloride in each 50-unit vial (there is 0.5 mg and
0.9 mg, respectively, in a 100-unit vial). All three of these
products are derived from the fermentation of Hall strain
Clostridium botulinum serotype A. The preparation and
assay method for each of these products is unique. Thus, the
potency of each product is difficult to compare to identify
relative strengths of each toxin. Xeomin is the only prepara-
tion that does not include or compound any additional pro-
teins when it is supplied. The significance of the lack of the
accessory proteins (or presence) is not known.

Myobloc (rimabotulinumtoxin) is manufactured by
Solstice Neurosciences, Inc. and is supplied in 3.5-mL glass
vials. Each single-use vial of formulated Myobloc contains
5000 Units of botulinum toxin type B per milliliter in 0.05%
human serum albumin, 0.01 M sodium succinate, and 0.1 M
sodium chloride at approximately pH 5.6. The neurotoxin is
produced by fermentation of Clostridium botulinum type B
(Bean strain) [13].

There are several other formulations that are currently in
FDA trials that promise increased longevity of the medica-
tions. These formulations have not been made available to
the public nor have the details regarding their clinical profile
or pharmacodynamics, etc. been revealed.

Dilution Technique

Allergan specifies that Botox should be reconstituted with
2.5 mL of preservative-free saline. Jeuveau has the same dilu-
tion recommendation as Botox. In both cases, this yields

Indications/Contraindications/Adverse
Events

Botox is indicated for the temporary improvement of
moderate-to-severe glabellar lines from the procerus and cor-
rugator muscles, forehead lines from the frontalis muscle, and
lateral canthal lines (“crow’s feet””) associated with the orbi-
cularis oculi muscle [7]. Dysport, Xeomin, and Jeuveau have
indications for the treatment of glabellar lines only [8, 9].

Non-cosmetic indications of Botox include cervical dys-
tonia in adults to decrease the severity of abnormal head
position and neck pain. It is also indicated in patients with
strabismus, blepharospasm, headache, and Bell’s Palsy.
Botox is also used in the treatment of axillary hyperhidrosis.
Dysport is indicated for the treatment of lower limb spastic-
ity and cervical dystonia. Xeomin has additional indications
for upper limb spasticity and blepharospasm in patients pre-
viously treated with Botox. Myobloc has indications for the
treatment of cervical dystonia as well [7-9, 11]. There are
other known uses of these products including hypersecretory
syndromes, back pain, and writer’s cramp. Jeuveau touts the
distinction of being the only neurotoxin dedicated exclu-
sively to esthetics.

The use of BTX-A for cosmetic purposes is not limited to
the strict adherence to the indications listed above. Many
practitioners regularly treat all the muscles of facial expres-
sion and are proficient in obtaining consistent results for
facial rejuvenation. This is considered an “off-label” use of
this drug.

Adverse Effects of BTX-A Treatment

The most common adverse effects reported by the manufac-
turers include the following: headache (9%), nasopharyngitis
(4%), eyelid ptosis (3%), brow ptosis (2%), facial pain (1%),
eyelid edema (1%), muscular weakness including spread to
adjacent sites (1%), injection site pain (less than 1%), hema-
toma (less than 1%), infection (less than 1%), nausea (less
than 1%), syncope (less than 1%), sinusitis (less than 1%),
rhinitis (less than 1%), and upper respiratory infection (less
than 1%) [7-9, 11].
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A firm understanding of the facial anatomy and proper
injection technique will aid in avoiding some of these prob-
lematic consequences—especially affecting adjacent mus-
cles. The use of devices that help visualize the venous
anatomy may also help reduce intravenous injection and
trauma to those same vessels. This helps reduce the risk of
hematoma and subsequent ecchymosis. Also, having patients
avoid anti-inflammatory medications and anticoagulants also
reduce the rise of these phenomena. Arnica Montana and
Bromelain can also be used in the peri-procedure period to
further reduce the risk as well [15, 16].

Injection Technique
1. Dosing

The various formulations of BTX-A by the manufacturers
preclude the ability to standardize dosing between the pro-
prietary drugs. Each BTX-A formulation must be considered
individually when used to achieve optimal outcomes. Trying
to convert units of BTX-A between the corporations should
be avoided (e.g., 3 units of product X equals 1 unit of product
Y). In addition, there are several variables that need to be
considered when treating patients. First, men may have
greater muscle mass and, consequently, may need higher
doses to achieve a similar effect versus female patients.
Second, the facial musculature may have significant variabil-
ity between patients and each patient needs to be evaluated
for proper dosage. Third, the degree of paralysis requested
by patients may be variable. Some patients prefer absolute
immobilization of various muscle groups (especially the
forehead), while others would like to “soften the wrinkles”
and may benefit from lower doses to preserve various facial
expressions.

2. Anatomic Sites and General Dosage Ranges

The glabellar region is the only site approved by the FDA
for all four manufacturers of BTX-A. The glabellar muscle
groups (corrugators, procerus, depressor supercilii, and orbi-
cularis oculi) create the vertical and horizontal furrows in
this region. Allergan and Evolus recommend the use of
20 units with five injection points (4 units per site) injected
as follows: two injections into each corrugator muscle
(paired muscle group) and one injection into the procerus.
Dysport should be injected in a similar fashion using 10 units
per site for a total of 50 units. Xeomin is injected in a similar
manner as Botox [7-9, 11].

In all cases, it is recommended to inject at least 1 cm away
for the supraorbital rim and to inject perpendicularly to the
muscles treated.

The frontalis muscle is the primary brow elevator and is
solely responsible for the horizontal furrows across the fore-
head. The recommended dose to reduce the activity of this
muscle is 20 units. In a similar fashion to the treatment of the
glabellar region, the frontalis should be injected in five sites
(4 units per injection site). When injecting above the eye-
brow, it is important to stay at least 2 cm cephalad to the
eyebrow to reduce the risk of brow ptosis. In the author’s
personal experience, using lower doses (1 unit per injection
site) and more sites (8—10 sites) tends to produce a more uni-
form effect and also reduces the risk of brow ptosis.

The crow’s feet region or lateral canthal rhytids are the
result of contraction of the orbicularis oculi muscles.
Squinting or smiling cause the orbicularis oculi to constrict
in a sphincter-like fashion. This results in horizontal rhytids
that extend in a radial fashion laterally from the lateral can-
thal region. Allergan recommends three injection sites
(4 units per injection—12 units total per side) staying at least
1 cm away from the orbital rim to reduce the risk of intra-
orbital migration affecting the extra-ocular muscles (lateral
rectus and inferior oblique muscles). Diplopia may result
from intra-orbital migration if these muscles were affected.
In addition, injecting too much along the inferomedial aspect
of the orbicularis may result in cheek ptosis as this aids in
cheek elevation. Patients with laxity of the lower eyelid may
experience ectropion or lower lid retraction. Patients with
some orbital fat prolapse may exhibit worsening of their con-
dition if the orbicularis oculi is weakened and loses some of
its tone.

Chemical Brow Lift or Brow Elevation

Conceptually, brow elevation is achievable when segments
of the orbicularis oculi and glabellar region are chemically
denervated. Weakening the central portion of the frontalis
may also result in increased activity in the frontalis directly
cephalad to the brows. This can also be an untoward effect
some patients may not like especially if it is unilateral (“Mr.
Spock™ appearance). By injecting the glabellar region and
affecting the medial brow depressors (procerus, corrugators,
medial orbicularis oculi) along with the central aspect of the
frontalis will allow the medial brow to elevate. Patients who
depress their brows (laterally) when they smile may also be
injected in the lateral canthal region. Injections toward the
tail of the brow in this situation will allow the lateral portion
of the brow to elevate. In all of these scenarios, injecting the
frontalis over the brow region should be avoided so as not to
negate the effects of reducing the brow depressors.
Additionally, injection in the eyebrow itself should be done
cautiously to help relax the orbicularis oculi in this region.
Injecting deep in this region can lead to brow and eyelid pto-
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sis and only 0.5—1 unit should be injected in a couple of sites
along the brow.

Bunny Lines

The nasalis muscle runs transversely across the nasal dor-
sum. When activated it leads to diagonal furrows along the
lateral aspect of the dorsum. Superiorly to this muscle is the
procerus and when this muscle is activated it leads to more
horizontal furrows. These are two distinct anatomic sites and
as such need to be treated independently. When the nasalis
muscle is injected, it should be done superficially and along
the maxillary process of the nasal bones. Injections deep and
along the maxilla could result in inadvertent injection of the
angular artery or hematoma. This also helps prevent BTX-A
affecting the levator labii oris and the levator labii alaeque
which could result in the upper lip drooping or an asymmet-
ric smile [5].

Mentalis

Patients with strong or hypertrophied mentalis muscles may
exhibit unattractive dimpling of the chin, especially in com-
bination with loss of subcutaneous tissue (peau d’ orange).
Sometimes the activity can also lead to noticeable horizontal
furrow across the same region. Five to ten units of Botox
may be injected (20-30 units of Dysport) into the superficial
aspect of the mentalis. Caution should be taken to not over-
inject, inject too superiorly, or inject deeply as this could
possibly affect the lower lip and oral competency. Some
patients may present with hypertrophied mentalis muscles,
retrognathia, and oral incompetence and should not be
treated with BTX-A in the chin region. Injecting toward the
midline will also reduce the possibility of injecting the
depressor labii and/orbicularis oris as this can lead to drool-
ing, drooping of the lower lip, and/or an asymmetric smile.

Platysmal Bands

Platysmal bands can be seen in the aging neck and may be
seen as a residual effect after rhytidectomy. They can be eas-
ily treated with BTX-A. The patient can easily exhibit the
bands by clenching their teeth and showing the lower ante-
rior teeth. Patients with skin laxity are better candidates for
neck lift with platysmaplasty. Patients with significant laxity
of skin will have modest results and likely be displeased. The
bands are injected just below the inferior border of the man-
dible and injected every centimeter along the band. Typically,
20 units of Botox may be used to treat this anatomic region.
The best way to inject the band is to grasp the band with the

non-injecting thumb and index finger to isolate the muscle
band. Over injection in the neck and diffusion to the strap
muscles can lead to significant problems including postural
issues/neck weakness, dysphagia, and dysphonia.

Depressor Anguli Oris

One of the most common complaints patients present with is
the downward corner of the mouth or marionette line. The
depressor anguli oris (DAO) is the primary muscle respon-
sible for this appearance along with frowning. The DAO can
be injected near its origin on the mandible. Two to five units
can be injected either at one or two sites. Cephalad injections
that encroach on the lower lip and orbicularis oris may result
in drooling or asymmetric smile. Patients with injuries to the
marginal mandibular nerve may benefit from injecting this
muscle on the contralateral side to help improve symmetry.
Patients with oral incompetency may also see benefit with
injection of the DAO on the affected side to elevate the lower
lip and commissural region. The addition of a filler (hyal-
uronic acid) to this region may also help support the lower
lip and further improve the esthetics of this area.

Upper Lip/Perioral Rhytids

The actions of the orbicularis oris may result in dynamic fur-
rows or rhytids in the perioral region. The orbicularis oris
may be injected in a superficial fashion with 2—4 units of
BTX-A in multiple sites (0.5 units or 1 unit per site). Most
patients will also benefit from concomitant injection of filler
(hyaluronic acid) to restore volume and improve the rhytids
in these areas. Several injection sites should be used either at
the vermillion border or just above. Injecting the upper lip
toward the base of the nose may result in lengthening of the
upper lip. This may be intentional for patients with vertical
maxillary excess (“gummy smile”). Asymmetric lip position
may also result if disproportionate amounts of BTX-A is
used in the upper lip. Over-injection can affect speech, facial
expressions, speech, eating, drinking, and playing wind
instruments.

Posttreatment Instructions

After treatment, patients are instructed to avoid heavy exer-
tion/lifting, apply cold compresses for reduction of bruising/
swelling/discomfort, and avoid rubbing or massaging the
treated areas. In addition, some providers instruct their
patients to perform exercises to help the BTX-A “work into
the muscles.” Some providers also tell their patients to avoid
airline travel and not to bend for up to 24 hours after treat-
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ment. None of these instructions have been shown to alter the
outcomes or longevity of the desired effects of BTX-A. It is
generally believed that after 90 minutes, the toxin has bound
to its receptor sites and will not be significantly altered at this
time. The author instructs patients they should avoid exercise
and laborious activity for the first 2 h after treatment and use
Tylenol as some may experience a headache posttreatment.

Longevity of Effect

The duration of effect has several variables that must be con-
sidered in the discussion of longevity of effect. Allergan
reports that the duration of effect for 20 units of Botox on
glabellar lines is approximately 3—4 months. Galderma states
a similar duration (up to 4 months) for 50 units of Dysport in
the glabellar region. The package insert for Xeomin and
Jeuveau both state that 20 units should be administered no
more frequently than every 3 months [7-9]. Generally speak-
ing, this seems to be the standard duration of action for most
anatomic regions. With that said, this effect may vary based
on dosage, muscle density, degree of facial animation, ana-
tomic site, age, and anatomic variations. Many patients will
return prior to the 3-month interval to reduce the possibility
of the effect completely “wearing off.” The maximum dose
per Allergan is 400 units within 3 months [7].

Patient Evaluation

A patient interview must include an accurate medical his-
tory as well as meticulous physical examination. The medi-
cal history will illicit any information regarding
muscle-related disorders (e.g., myasthenia gravis, motor
neuron diseases, amyotrophic lateral sclerosis (ALS),
Eaton Lambert syndrome) as these conditions may be exac-
erbated by the administration of BTX-A. BTX-A should
also be avoided in patients with a history of Guillon Bare
syndrome, hypersensitivity to BTX-A, and cow’s milk
allergy (specific to Dysport). If there is an active infection
at any potential injection site, then the area should be
allowed to heal prior to injection. A thorough understand-
ing and familiarity of muscles of facial expression are
essential to obtaining optimal results. (DIAGRAM OF
MUSCLES OF FACIAL EXPRESSION) Not only are the
anatomic variations important to recognize, but also the
functional anatomy as it may differ substantially from
patient to patient. Each patient must be examined carefully
to determine which muscle group(s) may contribute to any
given furrow or wrinkle. As this is critical in the develop-
ment of a treatment plan that will effectively reduce the
activity of unaesthetic muscle effects.

Crow’s Feet/Periorbital Rhytids

The orbicularis oculi muscle encircles the orbit and acts in a
sphincter-like fashion to close the eye and protect the globe.
The lateral and inferior aspects of this muscle, when acti-
vated may create significant rhytids and furrows that can be
easily treated with BTX-A. Careful examination of this
region is necessary to identify asymmetries, laxity of the
lower eyelid, and presence of herniation of fat in the lower
eyelids. Some patients will not tolerate higher dosages of
BTX-A and may result in untoward effects. Patients with
laxity of the lower eyelid when injected may result in ectro-
pion and possibly exacerbation of any cheek/malar ptosis.
The orbicularis oculi may also aid in elevation of malar ele-
vation/projection. Over-injection can thus lead to loss of pro-
jection or ptosis. Injection into the lower eyelid region can
also lead to increased scleral show or further herniation of
the lower eyelid fat pads if the orbicularis tone is
diminished.

Allergan has provided data in its studies that show the
efficacy of using 12 units per side (24 units total) to the peri-
orbital region. This treatment showed significant improve-
ment in the lateral canthal lines of the test subjects versus
placebo [7]. It is important to inject the most active segments
of the orbicularis oculi and to have multiple sites of injec-
tion. This will help reduce any irregularities caused by active
portions of the muscle that have not been treated.

Glabella

The glabellar region is one of the most common sites patient’s
request for injection and treatment. Careful examination of
this area needs to be performed prior to injection. The pro-
cerus and corrugator supercilii muscles along with the medial
aspect of the orbicularis oculi muscles contribute to furrows
in this region. The contribution each muscle bundle makes to
these furrows may vary significantly between patients. When
asked to make an angry face, act as though they are smelling
something (i.e., “wrinkle their nose”) or frown, these
glabellar muscles will move the brows inferomedially. In
some patients, however, the brow may move superomedially.
Consequently, when BTX-A is injected into this region, the
outcome may vary from patient to patient.

Allergan recommends injecting the glabella with 20 units
of Botox which is also the same dosage recommended for
Xeomin and Jeuveau [7, 9]. Fifty units of Dysport are recom-
mended to treat this same region [8]. Males may require
higher dosages and there may be some preliminary evidence
that using higher doses may result in a greater duration of
effect. Care should be taken to inject above the supraorbital
rim. When injecting, the non-injecting hand should be used
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to hold the tissue in a stable position. The patient may be
asked to elevate their brow and then make a facial expression
(as discussed above) to help identify the active portions of
the muscles that need to be treated. Most of the BTX-A will
be used to treat the corrugator muscles and a small amount
will be used to treat the procerus muscle.

Forehead before treatment with neurotoxin
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Forehead after treatment with neurotoxin

Glabella after treatment with neurotoxin

Non-cosmetic Indications

Although the focus of this chapter is on cosmetic uses,
BTX-A is FDA approved for a number of therapeutic indi-
cations, including bladder dysfunction, chronic migraine,
spasticity, cervical dystonia, primary axillary hyperhidro-
sis, blepharospasm, and strabismus. It is also routinely used
for treatment of patients with myofascial pain, although
this use is considered “off-label.” Although the pathophysi-
ology of myofascial pain has not been fully elucidated, the
role of muscle hyperactivity is thought to be central. It is
thought that hyperactive skeletal muscle bands develop in
response to trauma, strain, or overuse, and that these trigger
points evoke a referred pain pattern [17]. Therefore, pro-
posed treatment modalities aim to arrest, stabilize, or
reverse this muscle overactivity. The ability of BTX-A to
elicit a weakening or paralytic effect on the muscle may
only account for part of the explanation for its analgesic
effect. In addition to its effect on acetylcholine release,
Botox also has an inhibitory effect on the release of sub-
stance P, which is a potent neurotransmitter in the activa-
tion of neurological inflammation [18].

The suggested injection pattern for chronic migraine is
described in the Botox Prescribing Information and includes
a total of 155 Units into seven different muscle groups. In
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contrast, the injection technique for treatment of myofascial
pain usually focuses on only the easily accessible muscles of
mastication (masseter and temporalis), and because this indi-
cation is off-label, there is less clear guidance on injection
pattern. This author typically uses 100 units, with 35 units
injected into the bilateral masseter, and 15 units injected into
the bilateral temporalis. These muscles are much larger than
the muscles of facial expression, and therefore larger quanti-
ties of neuromuscular blocker are needed to achieve a thera-
peutic effect. The injector should be aware that the target of
masticatory musculature is expected to be deeper than the
muscles of facial expression which are immediately subcuta-
neous. Especially for the masseter in a patient with more adi-
pose tissue, there is occasionally the need for a longer needle
than the standard 1/2” needle on a TB syringe.

Complications

A variety of complications have been reported, ranging from
minor issues like bruising and asymmetry to major problems
like anaphylaxis, dysphagia, and breathing difficulties. With
the relatively small doses required for cosmetic indications,
major complications are exceedingly rare and facial cos-
metic use of Botox has a very well-established track record
of safety [7]. Hypersensitivity to botulinum toxin has been
reported, and usually manifests as soft tissue edema or urti-
caria. Bruising and bleeding at the injection site is not
uncommon, and for this reason most practitioners suggest
discontinuation of aspirin and other NSAIDs 1 week prior to
injection [19].

Other preventative measures include icing immediately
before injection (also has analgesic effect), injecting superfi-
cially, and avoiding vessels. Hematoma formation, caused by
inadvertent vascular puncture, is less likely. Some authors
advocate the use of vein illumination devices as helpful in iden-
tifying smaller vessels, especially in dark-skinned patients.

Most functional complications can be attributed to unin-
tended spread of neurotoxin, or neuromuscular blockade of
unintended muscles which can be due to improper injection
technique or misidentification of facial muscular anatomy.
Brow or eyelid ptosis are particularly undesirable complica-
tions both because of the ease of detection of even small
asymmetries, and because of the potential for visual distur-
bance. When injecting the glabella care should be taken to
stay at least 1 cm above the superior orbital rim and inject
perpendicular to the muscle. Diffusion of neurotoxin can
cause weakness of the levator palpebrae superioris, causing
upper eyelid ptosis. Further laterally, the “safe-zone” for
injection of the forehead to avoid brow ptosis is generally
considered to be at least 2-2.5 cm above the superior orbital
rim. Similarly, injection of crow’s feet is best performed no
closer than 1-1.5 cm from the orbital rim to avoid diplopia

caused by neurotoxin spread into the orbit, weakening the
lateral rectus or inferior rectus.

Nonfunctional complications related to cosmetic asym-
metry are easier to manage. These include peaked lateral
brows (“Spock eyebrow”), uneven brow position, uneven
smile, etc. It is recommended to wait 2 weeks after initial
injection before doing a touch-up to allow for variations in
timing of muscle response to neurotoxin [5].

Ptosis, as a complication of Botox injection too close to
the upper lid, can be at least partially treated with apracloni-
dine (Iopidine; Alcon Labs Inc., Ft Worth, TX) 0.5% drops
used 30 min before social situations. This a-adrenergic ago-
nist stimulates Mueller’s muscle, causing several hours of
transient lid opening.
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Introduction

Administration of facial fillers is a minimally invasive proce-
dure that has increasingly become popular over the past few
decades. Soft tissue fillers ranked second in total number of
minimally invasive procedures behind Botulinum Toxin
injections in 2018 [1]. Since most esthetic treatments done
for facial rejuvenation are on the rise, it is fundamental that
providers be aware of the associated risks and potential com-
plications that can occur after administration of these prod-
ucts. In-depth knowledge of facial fillers is vital for providers
to manage adequately post-procedure complications. Prior to
administration of any facial fillers a thorough understanding
of facial anatomy is indispensable to avoid negative out-
comes and maintain patient safety. A variety of mild adverse
events including swelling, nodule formation, and pain have
been reported while more severe complications include tis-
sue necrosis and visual changes. Facial anatomical consider-
ations lay the foundation for safe filler administration in
conjunction with expertise in procedural technique and
knowledge of the materials used. There are many different
filler materials, each having their own indications and associ-
ated techniques for application.
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Anatomy

Facial anatomy is quite intricate and requires an in-depth
review. While understanding of the facial planes is useful in
treatment planning and achieving successful cosmetic out-
comes, the main emphasis is on the location of the vascula-
ture to prevent severe complications. The anatomy of the face
is best described in a layered fashion from superficial to deep
and includes the following: skin, subcutaneous fat, superficial
musculo-aponeurotic system (SMAS), deep fat, and deep fas-
cia. The epidermis is the outermost layer of the skin consist-
ing of keratinizing stratified squamous epithelium and is
anchored to the underlying dermis by hemidesmosomes at the
basement membrane. The dermis gives the skin its pliability,
elasticity, and tensile strength. The subcutaneous fat has dif-
ferent characteristics depending on which region of the face.
Understanding of the fat distribution and SMAS is helpful in
evaluating a patient and determining where dermal filler is
needed. In the temple, neck, forehead, periorbital and mid-
face the subcutaneous fat is loose and separate from the skin.
In the periorbital, nasal, and eyebrow regions, the muscle
fibers insert directly into the skin and have a tighter adhesion
of fat to the skin itself. The superficial fat is subdivided into
distinct anatomic compartments. The jowl fat is adherent to
the depressor anguli oris and inferiorly fuses with the pla-
tysma muscle. The cheek fat has medial, middle and lateral
compartments. The middle cheek fat is a larger compartment
found anterior and superficial to the parotid gland. The lateral
cheek fat compartment lies immediately superficial to the
parotid gland and connects the temporal fat to the cervical
subcutaneous fat. The SMAS is an organized fibrous network
that separates the subcutaneous fat from the parotid-masse-
teric fascia and fascial nerve branches. The SMAS invests the
superficial mimetic muscles, including the platysma muscle,
orbicularis oculi muscle, occipitofrontalis muscle, zygomatici
muscles, and levator labii superioris muscle.

The upper, mid, and lower face can be divided into nine
major subunits each further divided into divisions [2]. Each
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of these subunits have different considerations in regard to
relevant anatomical structures (muscles, nerves, arteries,
veins, etc.). The muscles of facial expression consist of 23
paired muscles in addition to the orbicularis oris. Freilinger
et al. discuss a proposed innervation scheme for four distinct
layers of facial musculature [3]. The first layer is compro-
mised of the depressor anguli oris, zygomaticus minor, and
orbicularis oculi. The depressor labii inferioris, risorius, pla-
tysma, zygomaticus major, levator labii superior alaeque nasi
make up the second layer. The orbicularis oris and levator
labii superioris make up the third layer, and the mentalis,
levator anguli oris, and buccinator make up the fourth layer.
It is suggested that the first three layers receive innervation
from their deep surfaces while layer four is innervated from
the superficial surface [3]. The facial mimetic muscles con-
sist of elevators, depressors, abductors, adductors, sphinc-
ters, that work in harmony to allow for complex facial
expression. These muscles originate from the SMAS layer
and insert into the skin. They are innervated by the extracra-
nial branches of the facial nerve. In the upper face, the fron-
talis muscle is responsible for brow elevation and the
formation of transverse forehead rhytids. The frontalis origi-
nates from the broad galea aponeurotica which anchors on
the posterior nuchal line and is fixed to the underlying peri-
cranium of the calvarium. This muscle has two halves and
extends vertically downward to insert in the dermis at the
eyebrow just above the supraorbital rim and glabella. The
muscle lies 3-5 mm deep to the skin of the forehead. In the
midline, there is an aponeurosis separating the two halves.

The majority of arterial vasculature of the face is sup-
plied by several branches from the external carotid artery.
The facial artery gives rise to many branches including, but
not limited to the inferior and superior labial arteries, the
angular artery, and the dorsal nasal artery. The maxillary
artery gives rise to the infraorbital artery which emerges
through the infraorbital foramen supplying the skin of the
lower lid and midface. The ophthalmic artery, arising from
the internal carotid gives off several branches that supply
the globes as well as the proximal portion of the nose. Due
to the risk of embolization and severe complications associ-
ated with this adverse event knowledge of the complex vas-
culature of the face is integral to safe administration of
facial fillers. Specific areas of the face that are especially
susceptible to soft tissue necrosis include the nose, nasola-
bial folds, and glabellar region [4].

Upper Face

The upper face includes the forehead and periorbital sub-
units. The eyelids as part of the upper periorbital subunit are
broken into three soft tissue depressions: junction of the infe-
rior orbital septum and tarsal plate, the inferior orbital rim,
and the location over the zygomaticomalar ligament [5].

The frontalis is counterbalanced by the depressors of the
brow, which consists of the glabellar complex (corrugators
supercilii, procerus, and depressor supercilii) and orbicularis
oculi. The corrugators originate from the frontal bone near the
superior and medial portions of the orbital rim. They pass
through the galea fat pad before penetrating the frontalis and
orbicularis to insert in the dermis. There are transverse and
oblique heads of the muscle; the transverse head travels supero-
lateral to insert in the dermis above the middle of the eyebrow,
and the oblique head terminates in the dermis just medial to the
brow. The oblique head acts with the other brow depressors
forming oblique rhytids, and the transverse head results in
medial brow displacement with accompanying vertical and
oblique rhytids. The procerus is a pyramidal muscle that origi-
nates in the lower nasal bone and extends vertically and inserts
into the skin between the eyebrows. It is a depressor and forms
a horizontal glabellar rhytid. The depressor supercilii origi-
nates from the bony prominence near the medial canthus and
courses directly upward to insert in the skin of the medial brow.
The orbicularis oculi muscle is the sphincter muscle encircling
the globe and anchoring at the medial and lateral canthi.

The ophthalmic artery gives rise to the supraorbital,
supratrochlear, and posterior ethmoidal arteries. The preva-
lence of the supratrochlear and supraorbital arteries arising
as two distinct branches was seen in 33 of 38 dissections [6].
The supratrochlear artery, exiting the superomedial orbit, is
located on average inferior to the transverse third of the fore-
head and medial to the canthal vertical line [7]. Because the
artery is located 1-2 mm deep to the musculature its location
is important when injecting in this area. Although located
more posteriorly, the superficial temporal artery should be
considered due to its division into parietal and frontal
branches (Fig. 16.1). In the temporal region, fillers should be
injected either deeply or superficially. Deep injections should
be in the periosteal plane [8].

Midface

The midface subunits include the nasal, medial and zygo-
matic cheek, upper lid, and auricular subunits. A major land-
mark to consider in the midface is the infraorbital foramen,
which is located on average 9.6 + 1.7 mm from the infraor-
bital rim [9] and one third of the distance between the medial
and lateral canthi.

In the midface, the facial mimetic muscles are deeper than
in the upper face. The nasalis muscle lies just below the glabel-
lar complex with the upper part traveling transversely across
the dorsum and vertically down the lateral sides of the nose.
The transverse head of the nasalis compresses the dorsum, the
vertical heads dilate the nares. These muscles contract to form
the “bunny lines” or oblique rhytids of the nasal dorsum. The
depressor septi muscle is a muscle that originates in the colu-
mella and inserts into the upper lip, which will rotate the nasal
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Fig. 16.1 Cadaveric dissection demonstrating the supraorbital artery and supratrochlear artery as it leaves the supraorbital notch (left) and super-
ficial temporal artery as it runs superior (right). Notice how superficial the artery is as it runs in the SMAS

tip downward and elevate the upper lip. The zygomaticus
major inserts at zygomatic body just below the lateral orbital
rim and extends medial and inferior to insert into the lateral
aspect of the upper lip. The zygomaticus minor is just medial
to the zygomaticus major and both acts to draw the lateral lip
up and back. The principal elevator of the upper lip is the leva-
tor labii superioris, which originates in the mid-orbit medial to
the zygomaticus minor and acts in concert with the levator
labii superioris alaeque nasi, which originates from the lateral
nose. The levator anguli oris is a deep muscle originating in
the area of the canine fossa and inserts near the commissure to
elevate the corner of the mouth. The risorius muscle arises
from the lateral cheek and is variably developed and pulls the
commissure laterally. The orbicularis oris muscle is the
sphincteric muscle of the mouth and consists of superficial and
deep parts. The deep layers act as a constrictor and the super-
ficial layer brings the lips together and provide expression.
The infraorbital branch of the maxillary artery exits the
foramen and supplies the skin of the lower lid and middle
face. Its location deep to the levator labii superioris muscle
and superficial to the levator anguli oris muscle should be
taken into consideration when injecting in this area. The dor-
sal nasal artery, a branch of the ophthalmic artery, lies 5 mm
above the medial canthal horizontal line [7] and anastomoses
with the angular artery. The angular artery on average is
located approximately 5 mm medial to the medial canthal
line with the accompanying angular vein laying medial to the
artery in the deep muscle fascia [7] (see Fig. 16.2). The anas-
tomoses of the facial vasculature and proximity to important
structures (globe, cavernous sinus) make intravascular injec-
tions a major concern when injecting in this area. For this

Fig. 16.2 Vasculature of the midface

reason, midface injections should be deep to avoid intravas-
cular cannulation or vascular compromise. If the injections
are also not sufficiently deep, a superficial injection can
compress superficial vasculature in the tip and alar facial
groove leading to tip and alar necrosis.
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Lower Face

The lower face subunits include the lateral and buccal cheek,
lower lip, and mental subunits. The lower lip depressors act
to balance the actions of the elevators of the upper lip. The
depressor anguli oris arises laterally and inserts into the
modiolus along with the orbicularis oris, risorius, and the
levator anguli oris. The depressor anguli oris serves to
depress the commissure and can be seen as the melomental
folds or “marionette lines.” The depressor labii inferioris is
medial to the depressor anguli oris and acts to depress and
evert the lower lip. The mentalis muscle is a paired midline
muscle deep to the other depressors and acts to elevate and
protrude the lower lip. The platysma originates in the neck as
a paired muscle that crosses the mandibular border and
inserts into the dermis and subcutaneous tissues of the lower
lip and chin. Vasculature of the lower face is primarily sup-
plied by the facial artery. It branches off the external carotid,
passing through the submandibular gland at the lower border
of the mandible. The facial artery gives off branches includ-
ing the submental, inferior labial, superior labial, and angu-
lar arteries (see Fig. 16.3). Due to the inferior labial arteries
posterior location at the mucosal-muscular interface below
the superior border of the lip, it is important to not administer
fillers more than 2 mm deep. Intravascular injections in this
location can potentially result in tissue necrosis [10].

Materials

Facial fillers can be divided into two categories, those that
are derived from either natural (temporary) or synthetic (per-
manent) materials. Examples of natural fillers include hyal-
uronic acid, poly-L-lactic acid, and calcium hydroxyapatite.
The natural biologic fillers are safer in that enzymatic activ-
ity can usually degrade them. The downside is that they are
therefore temporary. Hyaluronic acid is typically the one
most often used due to its ease of use and reversibility.

Hyaluronic acid (HA) is a naturally occurring substance
in the body and therefore is a wonderful biomaterial. The
dermal filler HA has increased crosslinking which allows an
increased half-life of about 18 months. HA is relatively thin
compared to other dermal fillers, so it is injected into the
subcutaneous or dermal layers. By utilizing this layer, HA
stimulates fibroblast to produce additional collagen increas-
ing the volume. Several brands of HA exist, but the common
ones are Restylane-L, Juvederm Volbella, Belotero, and
Hylaform. Histologically, HA causes a pool of amorphous,
acellular blue material surrounded by giant cells (see
Fig. 16.4a) [11, 12].

Calcium Hydroxyapatite (CaHA) is another natural mate-
rial and therefore also temporary. The filler is produced as a
suspension of glycerin and sodium methylcellulose with

Angular Artery

Superior Labial

Facial Artery

Inferior Labial

Submental Artery

External Carotid

Fig. 16.3 Cadaveric dissection for the facial artery as is comes off the
external carotid until becoming the angular artery in the midface

microspheres of the CaHA. The suspension material is
absorbed over a three-month period, which intern activates
fibroblasts resulting in more collagen deposition. A single
treatment can last anywhere from 1 to 2 years. Common
brands of calcium hydroxyapatite are Radiesse and Radiance.
The increased viscosity of this material requires a deeper
injection as superficial injection can lead to nodule forma-
tion and increased pain and swelling. Therefore, CaHA is
administered in a supraperiosteal injection. Histologically,
CaHA results in uniform-sized spherules containing brown
granular material (see Fig. 16.4b).

Poly-L-lactic acid (PLLA) is a biodegradable synthetic
polymer which stimulates fibroblasts aiding in collagen
deposition just like the other materials discussed. PLLA is
believed to have one of the most potent stimulators of fibro-
blasts compared to the other injectables and therefore has a
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Fig. 16.4 (Left) Reactions to hyaluronic acid-based facial fillers show
pools of amorphous, acellular, blue material surrounded by foreign
body type giant cells (H&E, x100). (Middle) Calcium hydroxyapatite—
based facial fillers show uniform-sized spherules containing brown,
granular material within a background of chronic inflammation and for-

duration of up to 3 years. As one of the most potent stimula-
tors, it results in a large amount of edema. Patients therefore
see substantial volume initially that then subsides as the
edema dissipates and the collagen production begins and
should be informed of this phenomenon. Providers should
wait a minimum of 4 weeks between each set of injections.
PLLA is the principle component in Sculptra and Silhouette
Instalift [13]. Like CaHA, PLLA is administered as a supra-
periosteal injection. Histologically, PLLA forms spikes and
elongated vacuoles which contain variable amounts of polar-
izable material (See Fig. 16.4c).

The permanent fillers are polymethylmethacrylate and
silicone. These facial fillers are not typically used as much in
today’s world. The permanent fillers result in fibroblast acti-
vation depositing collagen and encapsulating the injected

eign body type giant cells (H&E, x100). (Right) Poly-L-lactic acid
facial fillers demonstrate spiked, elongated vacuoles which contain
variable amounts of polarizable material and are associated with for-
eign body type giant cells (H&E, x100). Histological slides courtesy of
Scott Peters, DDS

material in a fibrous scar. This results in a permanent increase
in volume but has a higher risk of infection and
mispositioning.

Techniques

Injection technique varies based on provider preference but
essentially four techniques are utilized most often. Threading
is a technique in which a needle is inserted to depth and filler
material is deposited consistently as the needle is withdrawn.
Cross-hatching is essentially the threading technique but in
an overlapping grid pattern that allows to correct a larger
area of volume. Serial deposits are when the needle is in the
deepest portion of the dermis and a small deposit of filler
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material is injected. Additional deposits are then deposited,
and the area is gently massaged to ensure adequate volume,
and distribution have been achieved. The fanning technique
is when the needle is placed at a 30° angle, and the needle is
passed back and forth changing directions as filler is depos-
ited. This technique allows for overlapping deposits and a
well-distributed amount of volume. All techniques can be
used with a microcannula, but the fanning technique in par-
ticular is useful with a microcannula as the blunt tip is safely
moved in different directions. A microcannula is recom-
mended with facial filler application as it injects on the lat-
eral aspect and has a blunt tip. This theoretically lowers the
chance of an intravascular injection or compression of an
artery. As with all injections, it is vital the practitioner aspi-
rates before injecting. If the practitioner is utilizing local
anesthetic before the procedure, it is recommended to avoid
the use of epinephrine as the vasoconstriction can mask arte-
rial occlusion, therefore making it difficult to diagnosis an
early complication. Many of the facial fillers are now mar-
keted with lidocaine in the delivery system, so local anes-
thetic prior to dermal filler application is not often necessary.
If being utilized, it is recommended to use block injections to
prevent distortion of the tissues.

Periorbital

The periorbital area can be significantly impacted with der-
mal fillers. Volume loss is noticed in the supraorbital and
infraorbital areas leading to the tired/aged appearance. While
many patients would benefit from a blepharoplasty, mini-
mally invasive dermal fillers can provide drastic improve-
ment by adding volume and decreasing skin laxity and
wrinkling. The skin in the periorbital region is very thin;
hyaluronic acid is the ideal choice for augmentation in the
periorbital region due to its low viscosity and ability to stay
relatively superficial without nodular formation. In the
supraorbital region, HA should be deposited into the sub-
orbicularis plane depositing small amounts of no more than
0.25 cc at a time. Using a small needle or microcannula (30-
gauge) is recommended and inject slowly from the lateral to
medial direction (see Fig. 16.5). As one approaches medially,
it is vital to be mindful of the supraorbital notch where the
neurovascular bundle lies. In the supraorbital region, the vol-
ume deficiency is often in the middle to lateral aspect. The
infraorbital area and tear troughs are also great locations for
HA. This area often requires more volume, but it is important
to make small deposits during each application. The thread-
ing technique can be applied and injected into the deep der-
mal plane. Constant massaging is needed to ensure adequate
dissipation of the material. As stated, the tear troughs can
require a substantial amount of volume in certain individu-

als. An alternative to HA is the use of PLLA in this area. If
PLLA is utilized, the injection site should begin at the lateral
aspect, at the junction where the eyelid skin and thicker mid-
face skin meet. The threading technique is again utilized
from the infraorbital rim inferiorly. The material is deposited
just supraperiosteal. Between injections, the provider should
massage the material gently and pull toward the tarsal plate.
The process is repeated from the medial aspect of the orbital
rim, and a fanning technique can be utilized. It is important
not to overfill the sites, and the total recommended material
is 3 cc per side. The process can be repeated two more times
at four-month increments.

Nose

In nonsurgical rhinoplasty, HA filler can be utilized to make a
dorsal hump less prominent and/or to make the tip of the nose
rotate upwards. First, identify the dorsal hump and the associ-
ated valley. Along the midline dorsum of the nose inject in the
depression very small amounts of dermal filler just subcuta-
neously. Gentle massaging will allow a uniform distribution.
The skin is very thin in this area, and the underlying cartilage
is very superficial, so it is important to deliver small amounts
of filler and see the results. This area is at higher risk for isch-
emic changes. Small deposits can be placed at the tip and
supratip of the nose. The additional volume here makes the
skin tighter and gives the appearance of a more upward rota-
tion, essentially moving the most prominent point superiorly,
providing a more pleasing appearance.

Cheek

Cheek augmentation can be performed with really any of the
major dermal fillers. In the malar and submalar region,
CaHA is particularly effective and is done using the cross-
hatching approach, but PLLA and HA are also often used in
this location. The injections should stay lateral to the nasola-
bial fold. A 25- or 27-gauge needle is used and inserted at a
45° angle until the zygomatic bone is contacted (see
Fig. 16.6). Withdraw a few millimeters to the supraperiosteal
plane and deposit small amounts as the needle is withdrawn.
Care should be taken as the angular artery is in the area of the
nasolabial fold, and the infraorbital artery continues over the
zygomatic arch. Serial injections can be performed along the
zygomatic bone usually from the medial to lateral direction.
Massaging the area aggressively can minimize nodular for-
mation. When HA is being utilized, compared to CaHA or
PLLA, a layering technique is needed. The injection starts
supraperiosteal and deposits are made as the needle is with-
drawn into the deep dermis.
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Fig. 16.5 (a) Wrinkles under the eyelid preoperatively. (b) Deposition of filler material using microcannula through single port. (¢) One week
postoperatively with soften under the eyelid wrinkling for a more natural appearance

Nasolabial Fold

The nasolabial fold is a high-risk area due to the course of
the facial artery. Practitioners often can provide adequate
esthetic results by injecting the cheeks, which results in
changes in the nasolabial folds. Utilizing a microcannula is
also recommended, especially in this high-risk area. Injecting
perpendicular to the nasolabial fold, injecting slowly, and
using the threading technique instead of large boluses
decreases the risk of arterial compromise. Insert the needle
just lateral to the fold and use very small quantities of filler

material. Massage the filler into the desired region by pulling
medially.

Lips

The lower lip is naturally larger than the upper lip, and this
proportion needs to be maintained. Local anesthesia can be
administered intraorally via the infraorbital nerves and men-
tal nerves bilaterally. A needle can be used to make an inci-
sion at the commissure for both the upper and lower lip. A
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Fig. 16.6 A 27-gauge needle inserted at a 45° angle until the zygo-
matic bone was sounded, and filler material was deposited in the supra-
periosteal plane

blunt tip canula can then be entered and inserted to depth
with the tip extending to cupids bow. The threading tech-
niques are used in a layering technique. Proper massaging is
preformed to ensure adequate distribution. HA is the filler of
choice for this region due to its viscosity.

Chin/Jaw

The chin can be augmented with any of the dermal fillers. If
a large amount of filler or substantial amount of injections
are needed, the provider can utilize intraoral mental nerve
blocks to provide increased patient comfort. PLLA and
CaHA are particularly useful in larger volume augmenta-
tions in the chin and jaw, but HA can also be used to augment
this region. PLLA and CaHA are delivered in the supraor-
bital plane while HA is in the subcutaneous plane. Inferior
labial artery and mental are at risk with the chin augmenta-
tion, and the facial and submental artery are at risk when
injecting along the inferior border of the mandible for jaw
line augmentation.

Complications

Complications associated with dermal fillers are very rare.
As with any procedure, patients should expect mild bruising,
ecchymosis, erythema, and/or edema [14]. Most patients

complain of very minimal side effects that can easily be
treated with NSAIDs and ice.

Infections associated with dermal fillers is exceedingly
uncommon, estimated at 0.04-0.2% depending on the source
[15]. Bacterial infection when they do occur typically are
due to P. Acnes and S. epidermidis as they are the topical
flora commonly found on the skin. In rare instances, infec-
tions can form from Staphylococcus aureus and Streptococcus
species; this is suspected especially if an abscess or cellulitis
presents after the procedure. If an abscess does occur, inci-
sion and drainage with cultures may be indicated and appro-
priate antibiotic therapy would be warranted. The best
treatment is proper prevention using sterile technique prior
to the procedure. Topical disinfectants should be used such
as 70% isopropyl alcohol, betadine, chlorhexidine, or other
solutions. Prophylactic antibiotics are unwarranted for
majority of immunocompetent patients. Viral infections can
occur in patients with herpes simplex virus where reactiva-
tion presents in the perioral regions. In patients with a known
history, pretreatment with acyclovir is highly affective.

More severe complications include skin discoloration,
scarring, or foreign body granuloma formations. Devastating
complications can include hypersensitivity reactions and/or
arterial embolization/compression leading to ischemic
necrosis and even blindness [16]. In the cases of intravascu-
lar injection, the filler material may completely or partially
occlude a vessel resulting in an ischemic event or emboli to
a distant artery. Tissue necrosis should be suspected if a blu-
ish/violet discoloration develops (see Fig. 16.7). Hematoma
from these injections are infrequent, but it is important to
distinguish between a hematoma and impending tissue
necrosis. Signs of tissue necrosis are severe pain that is
relentless, delayed, or absent capillary refill, and the tissue
can often appear cold/dry. See Table 16.1 for sample proto-
col for suspected tissue necrosis.

Anatomically, as the facial artery continues superior and
medially it becomes the angular artery and anastomoses with
the dorsal nasal artery, which is a branch of the ophthalmic
artery. Embolization of the facial artery at any point along
this path therefore can result in blockage of the ophthalmic
artery and result in blindness. Arterial embolization or com-
pression is extraordinary atypical estimated as around
0.001% [17]. However, there are case reports in the literature
that describe this devastating circumstance that can be
avoided with proper anatomical understanding. A study by
Beleznay et al. reported 146 cases of visual disturbances
after facial filler administration [18]. Early treatment when
this is suspected is vital to preventing permanent blindness.
An ophthalmology consult should be obtained, and a brain
magnetic resonance imaging study should be performed to
determine if any vascular occlusion exists. See Table 16.2 for
soft tissue emergency kit to address potential blindness.
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Fig. 16.7 Preoperative lip injections (a). Filler was deposited from the
commissures in a threaded layering technique (b). When injecting the
lower right lip, the patient experienced blanching, followed by a bluish/
purpose discoloration (c). Capillary refill was sufficient; the decision
was made to monitor the lower lip for possible vascular compromise.

Within 12 hours, the skin inferior to the lower lip developed a lacy
appearance (d). The decision was then made to reverse the lip filler in
this area using the protocol from Table 16.1, the following morning (e).
Patient healing well 2 weeks following the procedure (f)
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Table 16.1 Sample necrosis protocol in cases of suspected vascular
compromise following facial filler administration [12]

Agent Rationale

Warm compress Reduce swelling

Filler reversal
agent

Degrade filler causing obstruction

Aspirin 325 mg
Nitro paste

Inhibit platelet cascade
Precipitate vasodilation to counteract ischemia

Hyperbaric Improve blood supply and prevent permanent
oxygen necrosis

Prednisone Minimize swelling

Cephalexin Prevent infection

Table 16.2 Components needed in a soft tissue filler emergency kit
[19]

Skin necrosis

Blindness

Anaphylaxis

250 cc of 0.9% NaCl
for dilution of

All from previous
column plus:

All from previous
column plus:

hyaluronidase 22G x 25 mm 100 mg

1 cc Syringe Angiocath Hydrocortisone
3 cc Syringe 0.25% Timolol 50 cc

5 cc Syringe drops Promethazine
25G x 38 mm canula Mannitol 20% Adrenaline
25G x 50 mm canula 500 mg/vial 1 mg/mL 1:1000
18G x 25 mm needle Acetazolamide Salbutamol
23G % 25 mm needle 100 pg/dose
33G x 9 mm needle

Alcohol prep

Providone-iodine prep

pads

50 cc of 2% lidocaine
325 mg aspirin tablets
8 mg IM
Dexamethasone
Hyaluronidase

Anaphylaxis from fillers is possible, albeit also uncom-
mon. A provider is more likely to see a hypersensitivity
reaction rather than true anaphylaxis. Signs and symp-
toms of a hypersensitivity reaction include erythema,
edema, hives, pruritus, among others. Anaphylaxis would
have similar symptoms but with the addition of dyspnea
and possible signs of shock. Initial treatment for a hyper-
sensitivity reaction should include a steroid like a methyl-
prednisolone dose pack and diphenhydramine. If
anaphylaxis is suspected, EMS should be activated and
the patients vitals should be closely monitored. The use of
albuterol or epinephrine might be indicated given the clin-
ical scenario.

Conclusion

Dermal fillers for facial augmentation are a very common
procedure and can result in very favorable outcomes for
one’s patient population. As stated earlier, as the facial fillers
become more mainstream, as well as a very lucrative treat-

ment modality, we expect to see an increased number of
health care providers of varying specialty training offer these
minimally invasive procedures. A thorough understanding of
facial anatomy is vital to minimizing devastating conse-
quences such as avascular necrosis and/or blindness. Proper
technique can help minimize other complications such as
erythema and edema. Proper patient selection and education
are vital as with any cosmetic procedure. Prevention and
early recognition are key to avoiding the majority of severe
complications, and proper follow-up allows the practitioner
to recognize early and act quickly.
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Background

Aesthetic rejuvenation of the face has been a goal of cos-
metic therapy with documentation extending as far back as
the era of the ancient Egyptians [1]. Physiologic changes that
occur in the face that contribute to the appearance of age
include thinning of the epidermis, loss of elastic fibers and
subcutaneous fat, weakening of the underlying muscles,
bone resorption, ptosis, and skin changes that are produced
from intrinsic (i.e., chronologic) and extrinsic (i.e., photo-
damage) factors [2]. Clinically, the skin may appear thin,
dry, atrophied, and have variable discolorations (Table 17.1).
Facial rejuvenation brings with it some of the most reward-
ing and dramatic results for the appropriately selected
patient. However, as a result of the hyperkinetic society of
today, many patients are demanding minimal recovery time
with results that are comparable to more traditional surgical
procedures. When exploring the possibilities for skin resur-
facing procedures of the face, there are many options a
patient can be presented, each with its own unique indica-
tions and limitations. These options range from superficial
skin treatments with topical therapies (i.e., retinoids,
a-hydroxy acids, antioxidants, medical micro-needling,
monopolar and bipolar radiofrequency devices) to more
invasive, ablative procedures (i.e., mechanical dermabrasion,
chemical peels, and laser resurfacing). Surgical procedures
like brow, eye, and facelifts will help reposition tissue planes
and remove excess skin but will not address the intrinsic
nature of skin aging.
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There are many types of lasers with different applications
that can address multiple diagnoses. Examples of types of
lasers listed from lowest to highest wavelength in nanometers
are Excimer, Argon, Pulsed dye, Ruby, Alexandrite, Nd:Yag,
Holmium, Erbium, and CO, [3]. Laser-tissue interaction of
relatively low power lasers produce a superficial tissue injury
(burn). All cosmetic lasers work by absorption of laser light to
a certain selective chromophore (blood, melanin, water, etc.).
The gold standard for facial skin resurfacing is the carbon
dioxide (CO,, 10,600 nm) [4, 5] laser. As the energy of the
laser interacts with the tissue chromophore, there is a transfer
of energy. The interaction is dependent on the absorption
coefficient, which is “the probability per unit path length that
a photon at a particular wavelength is absorbed” [3]. This par-
ticular modality can provide predictably satisfying results but
is associated with higher risks and complications [2]. These
include pain, swelling, local infections, prolonged recovery
time, hyper- or hypopigmentation, and scarring. It is impera-
tive that these potential complications be discussed with the
patient prior to undergoing any intervention, and they should
demonstrate understanding in detail. In order to minimize
these sequelae, non-ablative technologies have been explored
as an alternative or initial option. Rejuvenation technologies
such as near infrared (1319-1320 nm), IPL (intense pulsed
light), potassium titanyl phosphate (KTP, 532 nm), and pulsed
dye lasers (PDL, 585-595 nm) were explored, but ultimately
demonstrated minimal skin tightening affects [5-7]. This
shortcoming led to the exploration of non-ablative fractional
photothermolysis (FT, 1550 nm). Fractional photothermoly-
sis is a concept introduced in 2004 by Manstein and centered
around the creation of microscopic thermal wounds in the
skin that allow for more rapid healing [2, 7-9]. These zones
can range from 100 to 400 pm in width to approximately
300-700 pm in depth. The first commercial non-ablative FT
was approved for skin resurfacing and treatment of periorbital
rhytids, pigmented lesions, melasma, acne scars, and surgical
scars [6]. Non-ablative fractionated lasers are shorter in wave-
length ranging from 1320 to 1927 nm. Patients had little to no
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downtime and tolerated the procedures well, most of the time
needing between four and six treatments. Currently, there are
many devices that are commercially available. Ablative frac-
tionated lasers range from 2940 to 10,000 nm and have more
downtime than non-ablative lasers but significantly less than
fully ablative lasers.

The evolution from non-ablative FT lasers to ablative
lasers occurred during the push to obtain results that more
closely resembled traditional fully ablative resurfacing.
There are many wavelengths that can be utilized, but CO,
and Er:YAG (2940 nm) lasers are the two most commonly
used currently. Er:YAG lasers have a 25-fold higher affinity
for water when compared to CO, lasers [10]. This allows the
Er:YAG laser to ablate tissue well but does not produce sig-
nificant lateral thermal heating. This ultimately results in less
tissue tightening. The goal of this treatment is to reduce or
remove facial rhytids, skin irregularities, lentigines, kerato-
ses, benign and pre-cancerous lesions, dyschromias, uneven
pigmentations, and scars [4-6, 8] (Table 17.2). These goals
are met by growth of new skin, shrinking of collagen, and
formation of new collagen. This treatment, in the right hands
and right patient, can have minimal to moderate downtime
(up to 7 days typically). For mild aging and photodamage,
lighter settings can be utilized to achieve more limited down-
time (1-3 days). To obtain more dramatic and predictable
results, the procedure may require a form of topical, local,
and/or intravenous anesthesia and may require multiple
treatments. This controlled skin ablation and thermal coagu-
lation leads to improved skin texture and reduction of fine
lines, as well as dermal tightening and shrinkage for wrinkle
reduction [2, 8]. At 1 month, there is histologic evidence of
nucleogenesis, and there is evidence of continued collagen

Table 17.1 Intrinsic and extrinsic aging factors

Intrinsic aging factors
Epidermis thins
Dermis and bones shrink

Extrinsic aging factors
Epidermis thickens
Dermis thins

Fine wrinkles Coarse wrinkles, deep wrinkles,

furrows
Pigmented spots, Mottled, uneven, roughened skin
lentigines
Dry skin Skin growths

Muscles weaken Epithelial atypia

Loss of elastic fibers

Fat on face decreases

Table 17.2 Goals of fractionated laser resurfacing

maturation until 4-6 months after the treatment. The micro-
and macroscopic results may continue to evolve over the first
year until the final tightening effects are seen [5].

The ablative fractionated lasers work in much the same
manner as the traditional lasers. The primary difference is
that fractionated lasers use a beam that is split by a lens into
several microbeams [8]. This results in the partial ablation of
the skin by creating columns of ablation (micro thermal
zones, MTZ) while leaving a portion of the skin intact, as
opposed to the traditional lasers that ablate all of the tissue in
the area of concern [11]. The micro-column healing process
begins with the delivery of the degenerated necrotic tissue
(microscopic epidermal necrotic debris, MENDs) outward to
the epidermis, which is a process unique to fractional ther-
molysis [6, 11]. The skin healing process then starts within
the pilosebaceous unit, which serves as the progenitor from
the base up through the hair shaft and then out laterally in a
process known as epiboly [4]. This type of ablation produces
a lower rate of overall complications and high patient satis-
faction. It is particularly associated with more expedient
recovery, less erythema, and decreased risk of pigmentation
changes or scarring (Table 17.3). Depending on the parame-
ters utilized, multiple treatments may be indicated to pro-
duce the ultimate desired results. Each laser system has its
own protocol for treatment. The fractionated laser pulse usu-
ally can be calibrated to a variable scanning size and shape to
assist in treating different topographic areas of the face. The
parameters may also allow the operator to select how the pat-
tern is delivered to the skin. These computer-generated abla-
tive patterns spread the heat more evenly in the tissue and
may help with intra- and post-procedure comfort.

Specific settings of the laser beam frequently include out-
put power (Watts), which determines the depth of penetra-
tion; percent of coverage, determined by the distance
between each column in the treated region; and the length of
time the laser beam column stays in contact with the sur-
rounding tissues (dwell-time), which prescribes the amount
of collateral tissue injury. The zone of surrounding residual
thermal damage is a more important factor in neocollagene-
sis than the depth of ablation [5]. There is some thought that
ablative fractionated lasers may be superior to traditional
resurfacing devices for skin tightening, given that fraction-
ated lasers can penetrate deeper into the dermis with lower
risk of injury to the surrounding skin, theoretically resulting
in superior healing and reduced complications [9]. The cur-

Table 17.3 Benefits of fractionated laser treatment

Goals of fractionated laser resurfacing

Benefits of fractionated laser treatment

Reduce rhytids

Less overall complications

Reduce skin irregularities

Quicker recovery

Reduce lentigines, keratosis, benign precancerous lesions

Less erythema

Reduce dyschromias or uneven pigmentations

Decreased risk of pigmentation changes or scarring

Reduce acne scarring or scars

High patient satisfaction
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rent fractionated laser utilized by the senior author allows for
a pulsed emission that produces rapid ablation of the epider-
mis and the superficial dermis, while the second part of the
pulse has low peak power which produces targeted heating
of the deeper areas of the skin [12]. Settings are not univer-
sally applicable and should be tailored to the condition being
treated and the patient’s goals. As the parameters are esca-
lated to obtain more dramatic results, the length of recovery
and risks of complications increase proportionately.

Examples of setting utilized by the senior author for his cur-
rent laser of choice, Deka, SmartXide DOT fractional laser are:

Power: 8-30 Watts

Dwell Time: 200-2000 us

DOT spacing: 200—1000 pm

These settings are dependent on the patient’s desired
results, amount of down-time available, prior treatments,
location of treatment on the face, and skin type. As power is
increased, dwell time is increased, and spacing is decreased;
the overall risk profile rises, as well as degree of results.
Areas with thinner tissue need to be treated less aggressively
and areas with more significant rhytids should be stretched
under tension while treating for best results. Repeat passes
may be indicated, and if a significant improvement is desired
by the patient, then a discussion is held at the time of the
initial consult regarding the necessity of performing a sec-
ondary treatment. If treating only certain facial units (peri-
oral, periocular), either less aggressive treatment is performed
or a lighter full face treatment followed by more aggressive
unit coverage to help prevent demarcation lines.

Pre-procedure Considerations

Prior to performing any ablative skin resurfacing procedure,
a standard and thorough patient workup should be per-
formed. Contraindications to laser skin resurfacing include
history of hypertrophic scarring or keloid formation, use of
systemic isotretinoin within the past year, recent skin resur-
facing procedure, open flap procedures within the past
6 months, immunocompromise, autoimmune and collagen
vascular diseases, history of severe herpetic outbreaks, and
pregnancy or current lactation [4, 5]. Diseases such as vitil-
igo and psoriasis, which have koebnerizing features, are con-
sidered relative contraindications [7] (Table 17.4). A
thorough skin analysis should be performed by the treating
physician, or a full dermatologic exam should be obtained to
rule out any potential preexisting skin pathology that may be
altered or masked by a resurfacing procedure.

Once the patient has been deemed an appropriate candi-
date for laser resurfacing, alternative options are discussed
with the patient in detail. Medical micro-needling is an entry
level skin resurfacing procedure that may be an appropriate
alternative for those patients who require or desire less

Table 17.4 Contraindications to laser skin resurfacing

Contraindications to laser skin resurfacing
History of hypertrophic scarring/keloid formation
Systemic isotretinoin (within 6-12 months)
Recent medium to aggressive resurfacing procedure

Recent open flap cosmetic procedure

Severe herpetic outbreaks
Collagen vascular diseases
Pregnancy/current lactation

Relative contraindications

Vitiligo, psoriasis, koebnerizing features
Immunocompromised patients

aggressive therapy. There are many proprietary devices that
create small channels in the skin to programmed depths.
With the use of micro-needling, there is no thermal effect,
but the micro channels can help stimulate formation of new
collagen and elastin. Application of certain topical agents at
the time of the microneedling procedure can help stimulate
the healing process and the overall results (PRP, Vit C, hyal-
uronic acid serums, etc.). Mechanical dermabrasion, though
still practiced by some, has fallen out of mainstream use in
favor of newer technologies given that it is both technique
and practitioner-sensitive and potentially hazardous in
patients with blood-borne pathogens. Chemical peels con-
tinue to be a frequently practiced technique in the field of
skin rejuvenation. Chemical peels come in a variety of types
and each has a unique mechanism of action that determines
their effect and efficacy, as well as different concentrations
that also affect their performance. The two most common
mechanism of action are keatolytics (alpha-hydroxy acids,
salicylic acids) and protein denaturants (TCA). Alpha-
hydroxy and salicylic acids are usually suited for more
superficial peels and alpha-hydroxy acids need to be neutral-
ized to deactivate and prevent continued penetration.
Trichloroacetic acid (TCA) is one of the most common
agents used in chemical peels and can be applied to a level
that gives predictable results. This level can be altered by the
number of applications, quantity of product used, and the
concentration. Depending on the patient’s desires, a light
peel can be performed with proportionately minimal down-
time and risk of complications. These peels can be performed
in a series of one treatment approximately every 2 weeks for
three to five treatments. A medium peel can increase the
degree of results but brings with it increased recovery time
and risks. A medium peel can also be incorporated with a
pretreatment (i.e., Jessner’s solution) to help produce
enhanced results without the risks of multiple coats. Deep
phenol peels can be performed by those practitioners with
more experience. They must be performed in smaller regional
units under cardiac monitoring. As previously touched on,
depth of penetration of the peel is dependent on many fac-
tors. The skin thickness, which varies among different in
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anatomic areas, as well as skin health (pre-conditioning),
must be appreciated at the time of the peel and can be evalu-
ated intra-procedure to help determine clinical depth, which
also correlates with the histology. By evaluating the “frost”
of a TCA peel, which starts as an unorganized light frost
(epidermis) then progresses to more transparent frost with a
pink undertone (papillary dermis) to a solid white appear-
ance (reticular dermis).

Each practitioner will have their own specific algorithm
and preferences for topical agents to be used in skin prepara-
tion to post-procedure care. These may include cleaners, ton-
ers, topical retinoids or tazarotene, bleaching agents (i.e.,
hydroquinone, kojic acid, azelaic acid), and sun block.
Antioxidants such as vitamins E and C are common agents
that work to combat oxygen radicals and may appeal to the
public as wholesome natural substances [13]. It takes approxi-
mately 6 weeks for the skin cell cycle to be completed, so if
one is trying to prepare the skin, it is best to start these prod-
ucts 4-6 weeks prior to treatment. Using a more aggressive
skin preconditioning program also gives the clinician an
appreciation of the patient’s tolerance, motivation, and depend-
ability. If the patient cannot tolerate the topicals well, they may
not be a good resurfacing procedure candidate. Also, certain
products (hydroquinone, retin A) are indicated to help reduce
post-inflammatory hyperpigmentation depending on the skin
type (IIT and higher). Microdermabrasion and light chemical
peels may also help prepare the skin for a more predictable
result after a resurfacing procedure. Some of these products
may be stopped a few days before the procedure to decrease
skin sensitivity during and after the procedure.

Once a patient and practitioner have discussed risks, ben-
efits, and alternative treatments and the patient has elected to
continue to pursue fractionated laser treatment, certain ancil-
lary topics must be addressed. If the patient has had oral or
facial herpes outbreaks in the past, the risk of developing an
outbreak in peri-procedure period must be discussed and
appropriate anti-viral coverage (i.e., acyclovir, valacyclovir,
and famciclovir) should be initiated if indicated. Antibiotic
coverage is a controversial topic that has no set standard, so
this may be left up to the discretion of the performing pro-
vider. Systemic or topical steroids have no specific indication
for use, but they may be administered pre- and posttreatment
at the providers’ discretion given their experience to help
reduce swelling and erythema determination regarding the
type of anesthesia for use during the procedure usually
depends on the patient’s subjective pain tolerance, the
planned depth of treatment, availability of adjunctive cooling
devices, and the facility’s or provider’s ability to administer
intravenous or general anesthesia. In the author’s hands, IV
anesthesia for medium to deep resurfacing is invaluable as a
predictable level of anesthesia can be titrated to affect for
patient comfort.

Procedural Technique

If a light to medium resurfacing procedure is being per-
formed, the patient is typically instructed to present 1 h prior
to treatment. An oral analgesic (i.e., hydrocodone and acet-
aminophen) and an anxiolytic (i.e., diazepam) are adminis-
tered, as well as a topical anesthetic (i.e., lidocaine and
prilocaine cream). The patient also takes an oral antibiotic
(i.e., cephalexin 500 mg if no contraindications). The patients
would have started an antiviral agent (i.e., acyclovir 400 mg
TID) the day prior to the treatment if they have a history of
herpetic outbreaks. The surgical suite follows laser safety
precautions. If intravenous anesthesia is being performed,
appropriate monitors are in place, and supplemental oxygen
is turned off while the laser treatment is being directly per-
formed. The topical anesthetic is wiped off completely, the
skin is cleaned with a cleanser, and degreased with acetone.
The skin surface is then re-wiped with sterile water and dried
thoroughly. External laser safety eye shields or, if periorbital
resurfacing is being performed, metal corneal shields are uti-
lized. Topical anesthetic eye drops (tetracaine 0.5% ophthal-
mic solution), then the corneal shields with lubricant (i.e.,
lacri-lube or ophthalmic antibiotic ointment) are placed.
Moistened towels are placed around the periphery of the face
to aid in fire safety. Use of a smoke evacuator is highly rec-
ommended to protect the health of not only the patient but
the practitioner and assistants as well. Test spots are per-
formed usually near the forehead hairline to evaluate skin
response and patient tolerance. At this point, the areas that
have been designated are treated without overlapping to pre-
vent overtreatment. Certain areas must be treated less aggres-
sively, such as around the eyes (to minimize risk of ectropion),
and areas of bony protuberances like the over cheek bones
and along the jaw line (to decrease potential for scarring).
For deeper rhytids and furrows, the skin should be stretched
under tension, and higher energy with longer dwell times
should be used and multiple passes may be indicated.
Feathering at the periphery to blend the border between the
untreated and treated skin is suggested. The char may be
wiped off between passes and left after the last pass to act as
a wound dressing. Fine pin point bleeding may be encoun-
tered and is common when the depth of the reticular dermis
is encountered. Once the treatment is complete, iced and
saline-soaked gauzes are serially placed and changed to cool
the skin and aid in comfort. Depending on the treating physi-
cian’s protocol, a closed versus open wound care approach
can be utilized. With the closed dressing approach, one of the
many proprietary dressing is utilized (films, hyrdrogels,
hydrocolloid), which may decrease erythema, crusting, and
patient care but are traditionally more costly and difficult for
the patient to wear. The open technique allows the patient to
directly clean the resurfaced area but is dependent on the
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patient performing correctly, and most patients will experi-
ence erythema for a more prolonged period of time. The
author likes to implement an open postoperative care regi-
men because it is easier for the patient to perform direct
wound care and is less expensive. Patients need to be cau-
tious that no trauma to the wound occurs when cleaning or
sleeping and infrequently develop milia that can be treated if
persistent. An emollient (i.e., Aquaphor, Vanicream, or any
proprietary cream) is applied judiciously to the treated areas
before discharge.

A skin chemical peel follows many of the same proce-
dural recommendations for anesthesia and premedication.
The peeling agent can be applied with a swab applicator or
gauze. It is best to apply the peel in a systematic fashion in
facial units and to apply equal amounts. If a glycolic acid
(typically 50-70%) is performed, the acid is placed and
allowed to penetrate for 1-2 min, then diluted or neutralized.
Depending on the physician’s experience and patient’s
desires, for a TCA peel (typically 15-35%) multiple coats
may be applied and the skin response evaluated (as discussed
in prior section) to the desired depth. Some physicians may
choose to treat with Jessner’s (salicylic acid, resorcinol, lac-
tic acid, and ethanol) solution for an initial superficial peel,
followed by the TCA peel. It is important to keep in mind
when using this technique that more rapid and deeper pene-
tration of the TCA will occur. The peeling agent will give
results similar to that of a fractionated laser but will not
achieve the same skin tightening effect over time.

Rehabilitation and Recovery

Patients are given posttreatment instructions at their pre-
laser consult. All supplies are suggested to be obtained
before their scheduled treatment through a standard post-
care kit or over-the-counter products if there are acceptable
substitutes. Immediately upon arriving home after the proce-
dure, patients are advised to rest with their head elevated to
approximately 30°. Continued gauze or towel soaks with ice
can be utilized for comfort. It is important for the patient to
keep a clean environment and wash their hands before and
after caring for the area. Every 3—4 h, the patient is instructed
to use 0.25% acetic acid or a non-mentholated shaving cream
to clean the treated skin by massaging the area lightly with
their fingertips. The skin should then be gently rinsed with
warm water. After patting dry with a clean towel, the patient
should coat the treated area with a light coat of recovery
cream or emollient. The patient is instructed that they may
shower and bathe normally, while avoiding shampoo or hot
water running onto the treated sight. Mild-to-moderate red-
ness is expected for 7-10 days if moderate or deep laser
treatment is performed. Patients should be counseled that
erythema can persist for up to 4 months (usually in lighter

skin types I and II). Mild-to-moderate swelling is normal for
3-7 days. If peri-orbital treatment is performed, the eyelids
may swell and visual fields may be decreased for 2—4 days.
Oozing of clear fluid from the resurfaced sites may be seen
after procedural intervention for up to 3 days usually. Patients
should avoid removal of scabs by scaling or picking as this
may leave a scar or cause hyperpigmentation. The patient
should be advised that the skin is in a delicate transition stage
while healing and must be treated gently. Pruritus is a com-
mon side effect after laser resurfacing and is typically self-
limited. If bothersome to the patient, it can be treated with an
over-the-counter antihistamine and mild topical steroid if
indicated. The patient is instructed to avoid direct sun expo-
sure for 3 months at the minimum. Makeup and sunscreen
may be applied after the skin has rejuvenated and bland, non-
fragrance, PABA-free products are recommended. Routine
daily activities can begin at 7-10 days; routine skin care
products can usually be restarted around 3 weeks. The patient
is reminded that it will take approximately 4-6 months
before the effects of the procedure have been finalized.

The safety profile for fractionated lasers is excellent when
used appropriately. Most patients are able to resume normal
work and social activities within 7—10 days [14]. The spec-
trum of post-treatment sequelae and adverse events are simi-
lar to those seen in fully ablative procedures, however they
are less frequent and less severe [15] (Table 17.5). It is
imperative that appropriate education on wound care is pro-
vided pretreatment, so patient can have time to review your
instructions, ask questions, and obtain the necessary items.
Many of the common issues patients have can be prevented
with strict adherence to wound care recommendations and
fall outside the treating doctor’s oversight. Erythema, as
mentioned previously, is typically of short duration and eas-
ily managed. Ruling out contact sensitivity is important, and
infrequently topical steroids may be utilized as needed.
Erythema in lighter skin (Fitzpatrick Scale I & II) is more
common in extent and duration. Edema is common and as
the depth increases of the treatment, so too does the edema.
Elevating one’s head and placing clean ice packs will help
reduce the overall edema. Periorbital edema, with eyelids
swelling shut, is not uncommon over the first few days and is
best explained to the patient beforehand in preparation. If

Table 17.5 Fractionated laser posttreatment sequelae/complications

Fractionated laser posttreatment sequelae/complications
Erythema/edema

Hyper—/hypopigmentation
Infection (bacterial, viral, fungal)

Pruritus

Contact dermatitis
Milia
Acne

Scarring
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hypopigmentation is seen, it is a result of inappropriately
deep treatment. Post-inflammatory hyperpigmentation is the
most common adverse effect of laser treatment [7], espe-
cially in individuals with darker skin. This complication
occurs less frequently with fractionated laser treatment and
is often responsive to pharmacologic treatment (i.e., hydro-
quinone and tretinoin) and sun avoidance. True hypopigmen-
tation is limited even with darker skin tones [10, 14].
Infection-related complications (bacterial, viral, and fungal)
should be kept in mind any time a resurfacing procedure is
performed. Appropriate evaluation and treatment are indi-
cated as soon as an infection is suspected in order to mini-
mize adverse results. Infections may present with increased
pain, burning, and/or itching, but this is not universal. If
infection is suspected, the wound should be cultured for bac-
teria, virus, and yeast (Gram stain, Tzank, and KOH), and
empiric broad spectrum antibiotic, antiviral, and antifungal
should be started if not already implemented. Milia are usu-
ally self-declaring but may need to be treated by unroofing
the lesion, administration of topical retinoids, and potentially
diathermy, curettage, and cryotherapy. Contact dermatitis
may occur, and the offending agent should be identified and
discarded. Mild anti-itch lotions or mild steroid creams may
be indicated. Acne flares may occur as the oil glands recover
with resurfacing; they may also be a result of too thick layers
of emollient use. After appropriate education and if acne per-
sists, topical antibiotics (i.e., erythromycin or clindamycin)
or systemic antibiotics (i.e., doxycycline) may be indicated.
Scarring is a rare complication with fractionated lasers, but if
it does occur, it must be identified and treated as early as pos-
sible. Strong topical steroids, silicone sheets or gel, steroid
injections, and pulsed dye lasers are options for treatment.
Petechiae are usually self-limited, and reassurance to the
patient is the only indicated treatment.

Summary

Traditional fully ablative CO, laser resurfacing is an excel-
lent treatment modality for facial rejuvenation, and the
results are typically well worth the risk and downtime.
However, as patients demand decreased downtime, less risks,
and more predictable results, newer technologies have been
developed to try and meet these needs. As with all new tech-
nologies, there is a learning curve associated with fraction-
ated laser resurfacing, and there may be overly hopeful
optimism that cannot meet the desires of the patient. The
procedure induces skin tightening through dermal heating,
wound healing, neocollagenesis, and dermal remodeling.
Fractionated laser CO, resurfacing has evolved and now pro-

vides most of the benefits of traditional resurfacing, high
overall patient satisfaction, and decreased negative side
effects [16]. Chemical peels are a valid option/alternative for
skin resurfacing that give similar skin results. The determin-
ing factor may be if more skin tightening is desired, as well
as the clinician’s comfort level with more invasive treat-
ments. As with all invasive treatments, each should be tai-
lored to the patient’s desires in order to achieve overall
long-term satisfying results that have met the patients’
demands.
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Cosmetic surgery, especially facial cosmetic surgery, has
enjoyed an unprecedented increase in popularity over the
past two decades. Starting with baby boomers and now gen-
eration X, the desire of the aging population to feel and look
rejuvenated has made facial cosmetic surgery more accepted
and therefore increased the number of procedures performed.
The ultimate goal of improving one’s appearance remains
unchanged. However, the desire of the aging population to
feel and look rejuvenated and provide a more youthful and
natural appearance with faster recovery has led to new
techniques.

Endoscopy has proven to be a valuable tool in almost
every medical specialty. Surgical patients have benefited
from smaller incisions, less morbidity, and rapid convales-
cence. It is not surprising that in the world of cosmetic sur-
gery, where patients are becoming ever more knowledgeable
and demanding, endoscopic procedures are increasingly
popular. Of all endoscopic cosmetic procedures performed,
the endoscopic forehead and brow lift has proved to be the
most common and predictable of the facial cosmetic tech-
niques [1].

In treatment of an aging face, proper diagnosis and reju-
venation for the upper third of the face is a vital. Esthetic
concerns of the forehead and brow regions affect a wide
range of age groups. A standard lower face and neck rhytid-
ectomies are more commonly performed on patients older
than age 45. But endoscopic brow and forehead lift, which
addresses the upper third of the face may be evident for
patients in their 20s and 30s because of genetic predisposi-
tion. A comprehensive examination of the forehead and the
brow is necessary to fully evaluated for a wide range of inter-
lacing problems. Skin thinning and laxity due to age and
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gravity represent only a portion of the forehead and brow
region dynamics. One must address all problems to achieve
optimal results and patient satisfaction. Matching the diag-
nosis to the ideal rejuvenation treatment is essential for max-
imum esthetic benefit.

The endoscopic forehead and brow lift is a comprehen-
sive operation and is not just a method used for raising the
brows [2, 3]. When used properly, it can address not only
brow ptosis but also dynamic muscular problems such as
depressor muscles of the glabella (Fig. 18.1). And compared
with traditional bicoronal technique, several articles have
shown superior and long-lasting results in regards to height
of the eyebrows [4-7]. By selectively combining with other
rejuvenation procedures such as fat grafting, skin resurfac-
ing, Botox, and bone remodeling, endoscopic brow and fore-
head lift can yield a more dramatic facial improvement.
Therefore, the importance of accurate diagnosis of age-
related changes is critical.

The aging process typically leads to forehead and brow
ptosis for almost every patient. However, for optimal results,
it is necessary to determine whether the ptosis seen around
the forehead and brow region is related to brow position,
upper eyelid laxity, or whether it is caused by the combina-
tion of the two. Sometimes, what some may see as ptosis in
the lateral brow may actually be fat atrophy, which can be
better rejuvenated with fat grafting than with lifting of the
brow. Other times, dynamic lines produced by muscle activ-
ity in the glabellar region and in the forehead itself also must
be addressed using neuromodulators such as Botox. Skin
texture, variable hairline patterns, bony abnormalities, and
asymmetries should also be evaluated.

Rejuvenation of the upper third of the face can be one of
the most rewarding and fulfilling procedures one can offer to
select patients. Specific elevation and correction of lateral
hooding, along with a reduction in wrinkles and/or treatment
of loss of facial volume, can result in a natural appearance,
yet still can impart a tremendous improvement in the patient’s
overall beauty and youthful appearance. The goal of this
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Fig. 18.1 The endoscopic forehead and brow lift is much more a comprehensive operation than just a method for raising the brows. Glabellar
wrinkles resulting from dynamic muscular problems can be treated, as can lateral brow hooding, as seen here, 6 weeks postoperatively

chapter is to review upper facial third anatomy specific to the
endoscopic forehead brow lift procedure.

Anatomic and Esthetic Considerations

An ideal facial proportion described by Leonardo da Vinci
can be divided in horizontal thirds. It is commonly accepted
that a youthful forehead represents roughly one third of the
overall facial height. In essence, the upper third which mea-
sures from trichion (the midline point of normal hairline) to
glabella (the smooth prominence between the eyebrows) is
equal to the distance from the glabella to the subnasale (the
midpoint where the nasal septum meets the upper lip) which
is equal to the distance from the subnasale to the menton (the
most inferior point of the chin). A youthful appearing eye-
brow is different for men than for women. The female eye-
brow should be arched and positioned just above the orbital
rim with the peak point of the brow between middle and lat-
eral third of the eyebrow which usually lies on the sagittal
line of the lateral limbus of the eye. In contrast, a typical
male brow should lie along the orbital rim in a more horizon-
tal fashion. Elevating the lateral one-third of the male eye-
brow disproportionately more than the remaining brow will
create a feminine appearance.

Lateral eyebrow position and hooding can be very rejuve-
nating, especially for the ideal female patient with brow pto-
sis. However, caution must be used to avoid over-elevation of
the medial brow which can give a very unnatural or “sur-
prised” look (Fig. 18.2).

The comprehensive anatomy of individual areas has been
well described in the literature, often in relation to the spe-
cific procedure that is being performed. Therefore, the ana-

tomic discussion can be simplified by separating the specific
regions into bone anatomy, muscle and fascial anatomy, ves-
sel and nerve anatomy, and endoscopic anatomy. Each ana-
tomic region will be addressed individually, so the reader
will gain an understanding of surgical anatomy as it relates
specifically to the endoscopic forehead and brow lift.

Bone Anatomy

Bony landmarks of the forehead and brow region can be
focused all around the frontal bone, which makes up the
highest percentage of the upper facial third. Adjacent parietal
bone, zygoma, maxilla, and nasal bones will be at least par-
tially exposed when the procedure is performed.

The bony junctions (suture lines such as the nasofrontal,
fronto-zygomatic, and coronal) are important landmarks
because they can be clinically relevant for limits of dissec-
tion but also help assist with navigation within the surgical
field during dissection.

For instance, the fronto-zygomatic suture line is an ideal
location for most basic brow lift dissections to end. Surgeons
may consider to perform additional dissection and elevation
in the subperiosteal plane below the fronto-zygomatic suture
into the cheek for increased lift in the mid-face or if the
patient desires more elevation at the lateral canthal region.
Overaggressive dissection and elevation around the orbit or
in the submalar region particularly medially along the fronto-
zygomatic suture line and lateral canthus can create an
unnatural “cat eye” appearance. Just posterior and slightly
inferior to this suture line is the sentinel vein (medial
zygomatico-temporal vein) (Fig. 18.3). This vein is avoided
or cauterized to prevent undesirable bleeding which may
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Fig. 18.2 The female shown is lifting her lateral brow in the first depiction to illustrate an “ideal” brow lift for a female patient. While the photo
on the right illustrates major medial elevation of the eyebrows that produces an odd and unnatural appearance for a male or female patient

-

= I
"

Right forehead region & 2 0% e

Fig. 18.3 Dissection near the fronto-zygomatic suture line is required
for adequate release and proper lateral brow elevation. However, cau-
tion is required near the sentinel vein (also known as the medial
zygomatico-temporal vein), which is located 1 cm posterior to the

complicate the procedure. The vein is within 2 mm of the
frontal nerve, so ligation or cauterization must be performed
along the temporal fascia well below the nerve branch.
Knowledge of its location in relation to the adjacent bone
landmark is critical.

The nasofrontal suture line is another ideal landmark to
note during dissection. The dissection needs to proceed only
a few millimeters below this suture level onto the nasal bones
for adequate release. If desired, nasal tip rotation can be
achieved by extending the dissection below the level of the

Sentinel

' F'rontozygomati,c
suture

Vein

suture line and has the frontal nerve branch typically immediately
above the vein. Cauterization or ligation of the vein must be made at the
base of the temporal fascia

nasofrontal suture line. Procerus muscle is located near this
landmark. Once identified, this paired muscle can be tran-
sected if indicated, and depending on the point of horizontal
transection, the nasofrontal angle location can be altered
slightly if desired.

Another important bony landmark is the orbital rim and
associated arcus marginalis (orbital rim margin), which lim-
its inferior dissection but must be well visualized and freed
of periosteal attachments if the brow and brow fat pads are to
be elevated for long-lasting results. Important muscle and
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fascial attachments are also located medially and laterally at
the level of the orbital rim. The tenacious temporal fusion
line (zone of fixation), which exists along the temporal ridge,
is critical to identify during dissection (Fig. 18.4). It is also
important to know its location preoperatively for proper inci-
sion placement to facilitate a clean dissection under this area
that enhances endoscopic visualization [8].

Another anatomical consideration during brow elevation
procedure is bone thickness. Bone thickness varies in differ-
ent areas of the skull, and this must be recognized when
using fixation method that requires drilling into the skull. In
addition, venous lakes located on the inside surface of the
skull tend to be more centralized around the sagittal suture
line. If bone tunnels or bone screws are planned for fixation
purposes, the midline should be avoided if possible due to
the sagittal sinus, as well as higher density venous lakes in
this area. Thickness increases posteriorly near the occiput,
but bone screw or tunnel fixation here is more challenging
and not required. Caution must be taken to avoid bone pen-
etration near the temporalis muscle in the lateral skull region,
where the middle meningeal arteries could be injured.
Proficient knowledge of skull anatomy including average
thickness for a given location and of internal anatomy is nec-
essary before drilling into the skull is performed for any rea-
son. The safest site used for bone tunnels or fixation screws
for brow elevations is located along the parasagittal line,
approximately at the mid-pupil or lateral limbus line and just
anterior to the coronal suture.

Fig. 18.4 The tenacious zone of adherence along the entire temporal
crest can be elevated bluntly once the planes are established on either
side. Release of the entire zone of adherence, as well as its terminal
orbital ligament just above the fronto-zygomatic suture, is critical for
adequate release and long term stability of the brow lift procedure

Muscle and Fascial Anatomy

Paired muscles of the forehead and brow region are com-
monly thought of as elevators and depressors. There are sev-
eral depressor muscles which pull the brow down or
obliquely. The frontalis is the only true elevator of the fore-
head, which moves upward to raise the brow. This move-
ment, along with some static tone, maintains brow position
and can produce horizontal creases over time. The frontalis
muscle originates from the deep galeal plane (galea aponeu-
rotica that connects to the occipital muscle posteriorly) [9,
10]. It inserts into the orbital portion of the orbicularis oculi
muscle inferiorly, which inserts into the dermis immediately
below the eyebrow. Its lateral extension fuses into the dense
collection of fasciae approximately 1 cm wide, known as the
zone of adherence; this zone extends the length of the supe-
rior temporal line and ends inferiorly just above the
zygomatico-frontal suture at the fascia attachment known as
the orbital ligament (Fig. 18.4).

The orbital ligament is the inferior termination point of
the zone of adherence near the orbital rim where connective
tissue fibers of the temporoparietal fascia are fixated to the
bone at the superolateral orbital rim. Lateral to the orbital
ligament is the orbicularis-temporal ligament, which is the
transverse fusion zone of fibers from the lateral orbicularis,
the temporoparietal fascia, and the temporalis fascia.

To achieve long-term predictable results with lift proce-
dures, it is necessary to detach and free the tissue in this
clinically important anatomic area known as the zones of
adherence. However, care is necessary in this region to avoid
overzealous stretching and injury to the facial nerve.

The acronym SCALP applies in the forehead for the stan-
dard layers: skin, subcutaneous tissue, aponeurosis (the thick
galeal fascia), loose areolar (subgaleal) plane, and perios-
teum. The galeal fascia has merely fused into the frontalis
muscle and its midline fascial attachments at the forehead
level. This allows sliding movement over the scalp with con-
traction of the muscle. The frontalis and the galea may be
thought of as an extension of the temporoparietal fascia in
the temporal region and in the SMAS (superficial musculo-
aponeurotic system) below the level of the zygomatic arch.
The temporoparietal has loose and spongy clinical appear-
ance and houses the frontal branch of the facial nerve on its
undersurface in the temporal region.

There are several other paired forehead and brow muscles
thought of as “depressors” which are present along the brow
and facilitate facial expression (Fig. 18.5). The two most
well recognized of these are the procerus and the corrugator
supercilii muscles, which are present in the glabella. The
procerus muscles are paired superiorly but fuse into a single
muscle belly inferiorly and originate from the nasal bones
and cartilages. Superiorly, procerus muscle fibers insert into
the midline intervening medial frontalis muscle fibers and
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Fig. 18.5 Forehead
depressor muscles are shown
in this diagram, including the
cut edge of the orbital portion
of the orbicularis oculi. The
orbital portion of the
orbicularis muscle originates
partially from the medial
canthal tendon and from
adjacent bone. The plane of
dissection in a sub-periosteal
plane must release and
proceed through the 1
centimeter “zone of
adherence” just above the
temporalis fascia laterally

Corrugator Supercilii
(Oblique Head)
(Transverse Head)

hY

the overlying dermis. The procerus is responsible for depres-
sion and frowning in the midline between the eyes that often
creates a horizontal crease (bunny line) across the upper por-
tion of the nose.

The corrugator supercilii muscles are depressors that act
obliquely across the glabella and produce the classic vertical
lines seen during squinting or frowning which can create an
“angry” appearance. The corrugator supercilii originates
from the frontal bone just above the nasal bones and insert
into the dermis of the medial brow. The corrugator has two
heads, the oblique and the transverse, which act in unison to
pull the medial brow down and together. Collectively, the
paired procerus and corrugator muscles are the main depres-
sors of the medial brow and are the muscles most commonly
treated with Botox to help alleviate frown lines in the gla-
bella. These two muscles are most frequently transected dur-
ing an endoscopic brow or forehead lift to achieve a smooth
and long-lasting result (Fig. 18.6).

Another depressor muscle of importance is the depressor
supercilii muscle, which originates on the frontal process of
the maxilla just inferior and superficial to the origin of the
corrugator supercilii. It inserts into the medial frontalis fibers
and dermis just above the medial brow. The depressor super-
cilii is important because it is superficial to the corrugator
and can be inadvertently treated with Botox causing eleva-
tion of medial brow. It is also important to mindful that it lies
under the corrugator during a brow lift and can be transected
via aggressive dissection through the corrugator muscle.
Although a few patients with very low medial brow position
may occasionally benefit from this maneuver, it more often
causes over-elevation of the medial brow and creates the
“surprised” look.

Zone of Fixatio

Y/

Frontalis
WL [
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=W
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Superficial to the depressor supercilii is the orbital portion
of the orbicularis oculi, which inserts into portions of the
adjacent depressors, the surface of the inferior frontalis, and
the dermis below the brow. The orbital portion of the orbicu-
laris muscle originates, in part, from the medial canthal ten-
don and from the adjacent bone. Deep to all the depressor
muscles is the galeal fat pad, which lies directly below the
transverse head of the corrugator and helps to identify the
locations of muscular landmarks. Clinically, the galeal fat is
usually exposed when the periosteum is transected along the
orbital rim.

Finally, paired temporalis muscles are located in each
temporal fossa, where they originate and then insert onto the
coronoid process of the mandible. The importance of these
muscles during upper facial rejuvenation is most often
related to its overlying temporalis fascia, which can be used
to delineate surgical planes and aid in fixation.

The spongy temporoparietal fascia is superficial to the
dense and shiny white appearing temporalis fascia which
houses the frontal branch of the facial nerve within its deep
surface. The temporalis fascia is adherent to the temporalis
muscle below and splits into superficial and deep layers in
the lower half of the fossa. For consistency, the superficial
layer of the deep temporalis fascia describes only that por-
tion of the deep temporalis fascia that is present at the level
of the split. The area below is referred to simply as the tem-
poralis fascia, which is the deep, thick fascial layer seen
clinically from the temporal crest down to the zygomatic
arch.

One method of fixation during brow lifting involves
using suture to fixate the temporoparietal fascia from
below a skin incision to the adherent temporalis fascia in a
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Fig. 18.6 The patient and endoscopic view demonstrates the power of
an endoscopic brow lift to elevate the outer brow, as well as improve
dynamic and static glabellar lines. The endoscopic view shows the

more superior position to elevate the lateral brow and
upper cheek. Some surgeons advocate removing a window
of temporalis fascia during this suture fixation procedure
and exposing the underlying temporalis muscle in the hope
of gaining additional fibrosis and improving fixation
longevity.

Vessel and Nerve Anatomy

Blood supply to the upper face and scalp is abundant and
comes from multiple sources. Several major blood vessels of
the upper face and scalp originate from the external carotid,
including the superficial temporal artery and the facial artery.
These vessels give rise to the blood supply in the medial can-
thal region via the angular artery and in the lateral canthal
region via the frontal or anterior branch of the superficial
temporal artery. The internal carotid artery branches to the
middle meningeal artery and to the ophthalmic artery, which
gives rise to the supraorbital and supratrochlear arteries that
exit their respective foramina and supply most of the fore-
head and mid-scalp region. The terminal arterial branches

medial left corrugator muscle (which produces vertical glabellar lines)
before and immediately after transection with needle tip cautery

form multiple and significant anastomoses with adjacent
vessels in the upper face.

Venous drainage of the upper face follows the respective
arterial supply but can have some variations. However, one
particular vein, the sentinel vein (medial zygomatico-
temporal vein) is relatively consistent in its travels. The sen-
tinel vein runs perpendicular through the temporalis fascia at
a location approximately 2 cm lateral or posterior to the lat-
eral canthus or approximately 1 cm lateral or posterior to the
zygomatico-frontal suture line. During endoscopic proce-
dures, care must be taken when elevating the tissues inferior
to the zygomatico-frontal suture in the subperiosteal plane.

Careless and over dissection laterally in the area can cause
tears and injury to the sentinel vein, which can create prob-
lems such as bruising and impaired field of visualization.

Nerve supply to some extent parallels the arterial supply.
The supratrochlear and supraorbital nerves, which comprise
the majority of sensation to the forehead, exit the same
foramina or notch as the same named blood vessels. These
sensory nerves originate from the first division of the
trigeminal nerve. The supraorbital nerve has two divisions
after exiting its foramen. The deep (or lateral) division sup-
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plies the more lateral and posterior portion of the forehead
and scalp. The superficial (or medial) division pierces the
frontalis early in its course and runs superficial to the muscle
supplying sensation to the lower forehead and the mid-fore-
head along the mid-pupil line.

The bony exit point of the supraorbital nerve is relatively
consistent. The supraorbital foramen or notch is typically
found within I mm of a line drawn in a sagittal plane tangen-
tial to the medial limbus [7] (Fig. 18.7). This point can be
marked on the skin of the brow to give the surgeon a refer-
ence point that reveals the exit point of this important struc-
ture. The deep division has been known to exit from another
foramen as often as 10% of the time and may be as high as
1.5 cm above the orbital rim. Therefore, some surgeons
advocate that blind (non-endoscopic) inferior dissection
from the scalp above should be performed only to within
2 cm of the orbital rims and that should be followed by endo-
scopic guidance below this point to decrease the chances of
nerve injury [5, 11-16].

The supratrochlear nerves exit near the orbital rim, an
average of 9 mm medial to the exit of the supraorbital nerve.
The paired nerves supply sensation to the mid-forehead with
some overlap from the supraorbital nerves. Infratrochlear
nerves which also originate from division one of the trigemi-
nal nerves exit just below the supratrochlear nerves around
the medial orbital rim to supply sensation to the upper nose

Fig. 18.7 The figure demonstrates a 53-year-old woman before and
1 month following an isolated endoscopic brow lift. The supraorbital
foramen or notch typically is found within 1 mm of a line drawn in a
sagittal plane tangential to the medial limbus, as shown here. This point

and the medial orbit. Zygomatico-frontal and zygomatico-
temporal nerves originate from the second division of the
trigeminal nerve to exit their respective small foramina and
supply sensation to the lateral orbit and the temporal regions
of the face.

Motor innervation to the forehead and the glabella is sup-
plied by the facial nerve (cranial nerve VII) (Fig. 18.8). The
frontal (or temporal) branch of the facial nerve supplies the
frontalis muscle, the superior portion of the orbicularis oculi
muscle, the superior portion of the procerus muscle, and the
transverse head of the corrugator supercilii muscle. The
zygomatic branch of the facial nerve supplies the medial
head of the orbicularis oculi muscle, the oblique head of the
corrugator supercilii muscle, the inferior portion of the pro-
cerus muscle, and the depressor supercilii muscle.

The auriculotemporal nerve originates from the third divi-
sion of the trigeminal nerve and supplies sensation in front of
the ear, to the temporal skin above the zygomatic arch, and to
the skin that courses along the superficial temporal artery.
Clinically, this nerve may be confused with the frontal
branch of the facial nerve during a facelift or temporal dis-
section during brow-lifting procedures [17-19]. It can be
distinguished from the facial motor nerve due to its anatomic
location. This sensory nerve runs within 1 cm in front of the
tragus of the ear and parallels the superficial temporal artery.
In comparison, the much more important frontal branch of

can be marked on the skin of the brow to give the surgeon an orientation
point from which the neurovascular bundle exits its foramen. Plus, adja-
cent key muscle groups can be identified, such as the corrugator muscle
that is found on each side of this nerve and vessels
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Fig. 18.8 The frontal or temporal branch of the facial nerve supplies
the frontalis muscle, the superior portion of the orbicularis oculi mus-
cle, the superior portion of the procerus muscle, and the transverse head
of the corrugator supercilii muscle. Whereas the zygomatic branch of
the facial nerve supplies the oblique head of the corrugator supercilii
muscle, the medial head of the orbicularis oculi muscle, the inferior

the facial nerve runs an average of 2 cm in front of the tragus
when it crosses the zygomatic arch at a more oblique angle
and at a deeper level just below the SMAS at the arch. The
motor branch is located just below the temporoparietal fascia
immediately above the arch. The frontal branch of the facial
nerve typically has already divided into two rami at the level
of the arch and into at least four branches by the time it
reaches the level of the eyebrow.

Endoscopic Anatomy

Initial incision and dissection must be performed to gain
adequate space prior to the endoscopic equipment. Early dis-
section is performed in the posterior scalp, in the mid-
forehead and upper forehead, and in temporal regions.
Elevation of the deep tissues in this “safe zone” is essentially
performed bluntly and blindly through each of the small
scalp incisions leaving the endoscopic-guided dissection for
the inferior forehead or approximately the last two centime-
ters above the orbital rim and zygomatic arch. Incisions and
specific tissue release and fixation techniques are highly
variable among surgeons. It is this author’s preference to dis-
sect in a completely subperiosteal plane medial to the tempo-
ral crest and in the plane immediately above the temporalis

Temporalis

Temporo-
parietal
fascia

muscle

Facial nerve

Superficial musculo-
aponeurotic system
(SMAS)

portion of the procerus muscle, and the depressor supercilii muscle as
shown. The temporal nerve is shown in this cross-sectional diagram
through the temporomandibular joint and zygomatic arch. The facial
nerve runs directly below the temporoparietal fascia above the arch,
which is contiguous with the SMAS fascia below the arch, as well as
the platysma in the neck

fascia below the temporal line on each side. Subperiosteal
dissection in the lateral forehead helps to prevent injury to
the deep or lateral division of the supraorbital nerve, which
runs in the subgaleal plane near the zone of fixation. Others
begin their dissection in a subgaleal plane in the posterior
scalp [20-35]. Regardless of preference, adequate space
must be created in the upper areas of the scalp to allow for
placement of an endoscope to aid dissection in the lower
forehead near important anatomic structures.

The first anatomic landmark that the surgeon must con-
sider during dissection is the zone of fixation along the supe-
rior temporal crest. A less tenacious zone of adherence is
present along the entire temporal crest that can be elevated
bluntly with the use of finger dissection at the hairline level
and a couple centimeters below. However, the inferior edge
of the temporal crest found near the superior-lateral orbital
rim usually requires endoscopic guidance for maximum
release. Complete adhesion release is especially important
below the orbital ligament intermix of fibers from the perios-
teum, galea, temporalis, and temporoparietal fascia interlace
and fuse to form a zone of adherence at this part of the upper
lateral orbital rim, much in the same way that the layers of
tissue planes condense at the level of the zygomatic arch.
The temporal nerve has branches within this ligamentous
type of structure just above the brow level. During dissec-
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tion, care must be taken to remain against the bone and tem-
poralis fascia below to avoid nerve injury. Another fibrous
attachment known as the orbicularis-temporal ligament is
located in this area and contains small motor nerve fibers.
The orbicularis-temporal ligament represents the decussa-
tion of fibers from the temporoparietal fascia and the tempo-
ral fascia that extends laterally from the orbital ligament.

The zone of adherence becomes most tenacious near the
orbital ligament at the orbital rim level. Meticulous dissec-
tion is required at this point to avoid nerve injury, as well as
injury to the sentinel vein, which is located within the
orbicularis-temporal ligament approximately 1 cm lateral
and inferior to the zygomatico-frontal suture [36-—44].
Careful dissection can expose an intact sentinel vein that can
be seen piercing through the temporal fascia at a perpendicu-
lar angle to enter the temporoparietal fascia above.

Dissection medial to the lateral orbital rims in the sub-
periosteal plane will expose the entire superior orbital rim
from each zygomatico-frontal suture. The curvature of the
rims must be visualized so that transection through the peri-
osteum can be made at rim level (arcus marginalis). The
nasofrontal suture may not always be seen but can be felt
with the periosteal elevator when used to elevate tissue into
the upper nasal region. Subgaleal fat often is encountered
immediately during transection through the periosteum
across the entire orbital rim except when directly behind the
supraorbital nerve at the rim level where the deep (or lateral)
division of the nerve is closely adherent to the periosteum.
Preoperative marking of a point on the brow at a level tan-
gential with the medial iris (limbus) helps easily identify the
location of the supraorbital vessels and nerves. By identify-
ing important structures, dissection through the periosteum
in this region is performed slowly and superficially to avoid
injury to these structures.

The transverse head of the corrugator supercilii is visual-
ized at the orbital rim level behind a portion of the supraor-
bital vessels and nerves. The corrugator muscle can be
transected or partially excised here, as well as medially. As
dissection proceeds medially, the oblique head of the corru-
gator is encountered and with transection through this por-
tion of this muscle, the supratrochlear nerve and the depressor
supercilii muscle may be seen and protected from injury.
Medially in the glabella, the procerus muscle is seen and is
variable in thickness. Care should be used to avoid over-
resection in thin patients to prevent an atrophic defect in the
glabella caused by excessive and aggressive muscle resec-
tion. Deeper dissection toward the skin level under the brow
will lead to the orbicularis oculi but is usually not necessary
to gain the desired effect, except in the lateral orbicularis,
where limited transection may improve lateral brow eleva-
tion. Also, transection through the periosteum can be per-
formed at higher levels in the midline under the frontalis
muscle but is only required when deep horizontal lines are

present. It is important to gain complete release of the retain-
ing lateral ligaments, transection of those muscles that are
causing glabellar lines, and adequate separation of perios-
teum along the orbital rim to attain elevation of the brow and
forehead tissues for the most pleasing and long-term aes-
thetic result.

Preoperative Evaluation and Surgical
Preparation

A correct diagnosis and appropriate treatment plan is vital to
ensure that a patient will not be disappointed. First, the clini-
cian must determine whether that patient would benefit from
a brow or forehead lift and then must select the most appro-
priate surgical procedure. Frequently, the novice surgeon
may only notice the horizontal forehead lines as an indica-
tion for a brow lift. Unfortunately, this is much less of a prob-
lem for most patients than is a low lateral brow position
(hooding) or glabellar creasing. As previously discussed, the
ideal female eyebrow should be arched and positioned just
above the orbital rim with the peak point of the brow between
middle and lateral third of the eyebrow. On average, the lat-
eral one third of the brow lies 5-10 mm above the rim. Men
require a more straight-up elevation of the entire brow to
avoid feminization of their appearance which can be caused
by over-elevation of the lateral brow. Some men may benefit
from a standard upper blepharoplasty and a local transpalpe-
bral brow lift if brow ptosis is nominal. As with any cosmetic
surgery, a risk/benefit decision is made and must conform to
the actual patient desires and expectations. Patients must be
educated about the risks and about what can realistically be
achieved. Even with fairly aggressive muscle resection and
forehead elevation, new dynamic lines often are formed in
the upper face and the glabella following surgery. Lateral
crow’s feet lines caused by action of the orbicularis oculi
while smiling may appear improved following a brow lift
achieved by unfolding of the muscle. However, these lines
are not completely treated by brow lifting alone. The patient
must understand that other treatment modalities such as
Botox therapy may be required to manage these particular
lines on an ongoing basis.

In addition to brow ptosis and lines in the forehead and
glabella, the condition of the patient’s skin must be evaluated
and addressed. Intrinsic skin damage and collagen changes
from the effects of sun, age, and smoking cannot be treated
by lifting alone. Topical skin care (e.g., Retin A, microderm-
abrasion, pulsed light therapy, sun block), along with possi-
ble surgical resurfacing, must be considered. In general, the
forehead can be treated carefully with simultaneous chemi-
cal peels or laser skin resurfacing into the dermal level when
brow-lifting procedures are performed, provided that the lift-
ing technique is a subgaleal or subperiosteal technique,
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rather than a subcutaneous lift. Finally, bony irregularities or
hypertrophic bony orbital rims can be evaluated for treat-
ment by means of a cephalometric radiograph or a computed
tomography (CT) scan as required. Bony contouring can be
performed on a limited basis endoscopically, but major
reduction for significant bone hypertrophy such as frontal
bossing is best achieved through an open (coronal) approach.
However, bone reduction is limited by pneumatization of the
frontal sinus and is best evaluated by CT. Treatment planning
for placement of bone tunnels for fixation with brow lifts
does not require a preoperative CT scan; however, a standard
cephalometric radiograph may reassure the surgeon regard-
ing the thickness of available corticocancellous bone.

As with any surgical procedure, appropriate preoperative
labs and other indicated tests must be performed. Pre- and
postoperative care should be discussed and written instruc-
tion are given including instructions for washing hair with
antibacterial soap (Hibiclens®) or other antiseptic type
shampoo and avoidance of hairspray or other hair products
immediately prior to surgery. The patient should be thor-
oughly instructed on the critical need to avoid all medica-
tions that may cause platelet dysfunction and excessive
bleeding (including aspirin, other nonsteroidal anti-
inflammatory drugs [NSAIDs], vitamin E, and many over-
the-counter herbal medications) for 2 weeks prior to surgery.
Endoscopic techniques require a very dry operating field;
thus, strict avoidance of these medications is required, as is
proper preoperative injection of vasoconstrictive agents.

Prior to administration of anesthesia, five standard photos
are taken, and the patient is marked while awake and sitting
up. After induction of general anesthesia or IV sedation, the
patient is prepped and is injected with local anesthesia with
epinephrine. It is the author’s preference to lidocaine 1%
combined with 1:100,000 epinephrine along the entire supe-
rior orbital rim, glabella, and lateral orbital rim. Tumescent
anesthesia solution (250 mL normal saline mixed with 1 mL
1:1000 epinephrine and 20 mL 2% lidocaine) then is injected
into the remaining upper forehead, temple, and posterior
scalp. Careful injection into desired tissue planes helps to
prevent hematoma formation during injection and allows for
a nearly bloodless procedure. Minor shaving of hair along
the marked incision lines can be performed if desired imme-
diately before the final prep and drape, but this usually is not
necessary.

Endoscopic Forehead and Brow Lift
Technique

The first known endoscopic surgery began over a century ago
with Nietze’s description of a crude cystoscope. Nevertheless,
modern surgical endoscopy did not gain significant popular-
ity until the 1980s. Endoscopic surgery gained popularity

with upper GI exams, followed by intra-abdominal surgery.
However, facial endoscopic cosmetic surgery did not really
begin until the early 1990s. Over the past two decades, the
endoscopic forehead and brow lift procedure has been con-
sidered by many to be the state-of-the-art procedure for
upper facial rejuvenation. It is predictable and versatile and
can be combined with many other procedures. The most
notable benefits of the endoscopic technique include smaller
scars hidden in the hairline and selective brow elevation
without the need for removal of any skin or hair.

This technique involves strategic placement of several
incisions behind the hairline for access for initial blunt dis-
section, followed by insertion of the endoscope and other
surgical instruments. Other incisions can be used as ports for
dissecting instruments such as periosteal elevators, electro-
cautery lasers, tissue graspers, and suction devices. Incision
(port) design and placement as well as fixation points varies
among surgeons. This author prefers to place five separate
2.5 cm incisions for easy access and for ideal fixation place-
ment. Each of these five incisions begins approximately
1 cm posterior to the hairline. One is placed in the midline of
the sagittal plane and two are placed in the parasagittal plane
tangential to the lateral third of the brow, where maximum
lift is typically desired in females. These parasagittal inci-
sions can be moved slightly more medially for male patients
to attain a more even brow elevation. The midline incision
plus the two parasagittal incisions are aligned vertically to
avoid unnecessary transection of sensory nerves originating
from the supraorbital nerves below. The two parasagittal
incisions are placed medial to the temporal crest to gain
access to skull bone rather than to the temporalis fascia for
more secure fixation (Fig. 18.9). The frontal bone in this
location of the parasagittal incision is also one of the thickest
regions, as well as with a low density of venous lakes helps
to prevent accidental intracranial injury during bone tunnel
creation or placement of fixation bone screws. Another
important factor for placing the incision medial to temporal
crest is to allow the clinician to easily gain access to the sub-
periosteal plane. Accidentally placing the parasagittal inci-
sions too far laterally over the zone of fixation or temporalis
muscle will make pocket development difficult and obscure
future endoscopic visualization.

Finally, two temporal incisions are made, one on each side
of the head, for direct access to the thick temporal fascia.
These incisions are placed perpendicular to the desired eleva-
tion vector from the lateral canthal region. Coincidently, the
temporal incision parallels the course of the temporal branch
of the facial nerve, which is located 2-3 cm inferior to this
incision. It also parallels the superficial temporal artery and
vein. Sensation and vascular supply to the scalp are less com-
promised by arranging the three medial incisions on a vertical
axis and the two temporal incisions in an oblique position to
parallel the nerve and blood supply in each area.
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Fig. 18.9 Multiple forehead and brow lift incisions are possible and
shown in the diagram. The two most common are the trichophytic
which is great for high hairlines versus the five small incisions of the
endoscopic techniques for patients with short or average hairlines.

Dissection is performed through the above incisions,
down through the periosteum medial to the temporal crest
and down to the temporalis fascia lateral to the crest (some
surgeons may elect the subgaleal plane rather than the sub-
periosteal medially). Many surgeons, including this author,
believe that total subperiosteal dissection medial to the tem-
poral lines rather than subgaleal dissection leads to better
fixation and long-term stabilization [45-63].

Blunt and blind dissection can be carried out after reach-
ing the subperiosteal and sub temporoparietal planes through
the five incisions. Finger dissection and long, curved endo-
scopic periosteal elevators are used to elevate the tissue ante-
riorly to a point 2 cm above the orbital rims and the zygomatic
arch. Posteriorly, blunt dissection should be used to elevate
the temporal tissues to a few centimeters behind the ear,
where the temporal fossabecomes self-limiting. Subperiosteal
dissection must elevate the scalp at least 10 cm posteriorly
but can extend as far as the lambdoid suture. Once these
areas have been dissected, a connection can be made from
the temporal region to the subperiosteal dissection through
the upper portion of the zone of fixation at the temporal crest
by finger dissection (Fig. 18.10). Avoid blind release of the

Intraop views of an endoscopic technique demonstrates the classic
placement of the scope centrally, the cautery from a sagittal incision,
and suction laterally

more inferior portion of the temporal line where the facial
nerve crosses. Endoscopic-guided dissection here will help
prevent nerve injury [64—66]. Finger dissection through the
upper zone of fixation should proceed from the temporal
incision toward the medial scalp rather than vice versa to
prevent creation of a false tunnel in the spongy-appearing
temporoparietal fascia. False tunnels along the temporal
crest create problems when inserting the endoscope through
the parasagittal port to visualize the lateral forehead. This
will place the plane of dissection more superficial within the
temporoparietal fascia, which greatly increases chance of
nerve injury. Therefore, it is critical to stay firmly against the
periosteum and the temporalis fascia when initially elevated
the scalp and forehead.

Following blunt elevation of the scalp from all incision
ports, the endoscope is inserted usually through one of the
three medial incisions. Poor initial blunt dissection will make
the initial endoscopic insertion feel very tight, and care must
be taken not to perforate the skin through excessive retrac-
tion. Medial dissection is performed down over the nasofron-
tal suture and the orbital rims under direct endoscopic vision
with a curved and smooth rounded elevator to avoid inadver-
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Fig. 18.10 Two diagrams shown are of the left temporal-forehead
region demonstrating dissection planes initially performed prior to
endoscope insertion. The lateral area is taken down to immediately
above temporalis fascia while the scalp medial to the zone of adherence

tent tearing of the periosteum. The periosteum may be thin in
some patients and a straighter elevator may be used to tran-
sect the periosteum at the level of the rim (arcus marginalis).
However, the entire rolled edge of the orbital rim must be
visualized before proceeding with periosteal incision.
Typically, the periosteum is more precisely incised with a
needle tip cautery or laser on a low power setting. The supra-
orbital nerves and vessels as described earlier are at a level
tangential with the medial limbus and are immediately
behind (superficial to) the periosteum from the internal endo-
scopic view. Periosteum release can be avoided in the area of
these nerves and vessels to avoid major nerve trunk transec-
tion or injury to these vital structures. Suction is required to
maintain a clear view when cautery or a laser is used.
Temporal incisions work well as suction ports during dissec-
tion over the rims because the endoscope and cautery take up
most of the room through any of the middle three incision
sites. At this point, transection can be performed through the
corrugator supercilii muscles and the procerus in a clear and
near bloodless field. If unwanted bleeding is encountered
and cannot be controlled easily with pinpoint accurate cau-
tery, then pressure should be applied externally over the rim
until improved visualization allows for control of bleeding
without nerve injury.

Vertical rhytids in the glabella created by the corrugators
can be improved greatly by transection through the corruga-
tor muscles. Likewise, horizontal glabellar lines are treated
by transection of the procerus muscle, which creates these

Blunt release & plane
connection from
lateral to medial

is elevated in the sup periosteal plane via blind periosteal elevator dis-
section. The two planes are then joined as shown with finger dissection
from lateral to medial to avoid a false tunnel that the endoscope could
inadvertently enter

particular facial wrinkles or “bunny lines.” Some surgeons
recommend more aggressive surgical avulsion of these mus-
cles with endoscopic biopsy forceps [67-79]. Aggressive
muscle removal may lead to more permanent treatment of
glabellar lines compared to isolated transection only, but this
approach should be avoided in most cases because of the
increased risk of significant postoperative irregularities and
abnormal facial expression. As a rule, patients prefer a more
natural appearance with some minor return of frown line
expression over risking a bizarre facial expression and gla-
bellar depression from atrophic fibrosis.

Once the periosteum has been completely freed across the
orbital rims and appropriate muscles have been treated, the
cut periosteal edges are separated (periosteal elevators work
well for this) by at least 1 cm to facilitate release at the arcus
marginalis. Adequate tissue release is critical for significant
and long-term brow elevation. Next, the lateral orbital rim
must be exposed in the subperiosteal plane after careful
release below the zone of fixation and orbital ligament.
Dissection along the anterior and inferior aspect of the tem-
poral crest must be performed cautiously to avoid temporal
nerve injury. Overzealous retraction of the dense tissue in
this area can cause injury to the nerve it contains. Staying
tight against the periosteum and the temporalis fascia helps
to prevent nerve damage and produces clean and bloodless
dissection. Slowly creating a distinct plane of dissection
down just past the zygomatico-frontal suture line and avoid-
ing excess retraction help to prevent unwanted bleeding from
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the sentinel vein (medial zygomatico-temporal vein). The
sentinel vein as previously described in the anatomy discus-
sion need not be sacrificed for a customary endoscopic fore-
head and brow lift.

Dissection for a standard endoscopic brow lift also need
not proceed all the way to the zygomatic arch but can stop
approximately 1 cm above this level. If an extended mid-
facelift is planned and elevation of tissue over the zygomatic
arch is the goal, then dissection must extend to below the
superficial layer of the deep temporal fascia above the arch.
Abbreviated mid-facelifts performed simultaneously with
endoscopic brow lifts may simply be confined to the subperi-
osteal plane along the lateral orbital rim and are significantly
less risky than a full arch release. The beauty of the classic
endoscopic brow lift is its versatility and the ease with which
simultaneous additional procedures can be combined with
this eloquent cosmetic surgery. For instance, the temporal
incision of an endoscopic forehead lift can easily be extended
inferiorly to blend with the preauricular incision from a stan-
dard lower facelift. Also, mid-facelifting (with intraoral dis-
section) can connect the intraoral subperiosteal dissection
over the maxilla and the zygoma to the subperiosteal plane
from the endoscopic brow lift through a tunnel near the lat-
eral orbital rim.

After all dissection has been completed, appropriate ele-
vation and fixation are required. Many techniques have been
described such as tissue suture only, bone screws and plates,
resorbable screws, bone tunnels, local skin excision, tempo-
ralis muscle exposure for added scarification, tissue glue,
and tight head wraps. Regardless of the any specific fixation
technique, successful long-term fixation is most dependent
on adequate lower forehead tissue release during endoscopic
dissection. Failure to adequately release internal forehead
tissues will result in relapse in brow ptosis, even with heavy
fixation and the appearance of a “nice” intra op results.

Once complete internal release of the forehead has been
attained, specific lifting vectors for the most pleasing esthetic
effect are determined. The lateral one-third of the female
brow is elevated to the greatest extent, which can be up to
1 cm above the orbital rim (Fig. 18.11). The medial brow
should be only slightly above rim level and absolutely below
mid and lateral brow levels to avoid a surprised or bewil-
dered expression. Typically, the glabellar region is elevated
without the need for midline fixation, which helps to avoid
excessive medial elevation. The lateral third of the brow is
lifted straight up and can be fixated at the level of the hair-
line. The galeal tissue is typically secured to bone at this
point while the lateral brow is held at the desired height or a
few millimeters above the desired level [80-84]. Very little
relapse occurs with proper technique and averages only
1-2 mm after 2 weeks [1, 8, 11]. Measurements also can be
taken with clear circular templates from pupil to brow to help
improve symmetry. Brow position remains very stable fol-
lowing the first few weeks of tissue edema resolution. The
time required for complete fixation of the periosteum is not
known, but tissue adhesion certainly begins in the first few
days after surgery. Various animal studies suggest that a full
12 weeks is required for occurrence of what is called full
histologic periosteal refixation. An example is the common
fixation technique used by many surgeons who place a single
transcutaneous bone screw at each parasagittal incision that
is removed after only 1 week. The 1-week fixation technique
has been used with success for many years. Some suggest
that longer bony fixation may provide longer-term retention
and less early relapse. The key to long-term fixation appears
to be determined most often by proper tissue dissection and
release, rather than by a specific fixation technique [1, 8, 11].

Although many fixation techniques are available, this
author prefers to fixate the galea and the periosteum near the
hairline to a bone tunnel created under the parasagittal inci-

Fig. 18.11 Sixty-seven-year-old transgender patient shows before and
2 years following a coronal brow lift, blepharoplasties, and bone reduc-
tion to decrease frontal bossing. Feminization, changing male features
to female, can be very dramatic in the upper facial third since brow

position is so distinctively different between men and women.
Obviously, one must be very cautious not to raise the outer third of the
brow too high in heterosexual, non-transgender males
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sions a few centimeters posterior to the hairline with a single
heavy suture such as 0 Vicryl®. Fixation of the lateral tail of
the brow is performed at each temporal incision, where an
isolated heavy suture plicates the temporoparietal fascia in a
posterior and superior vector to the temporalis fascia.
Optional creation of a small window of exposed temporalis
muscle in this area may facilitate internal scar formation and
fixation. The vector of lift at this outer tail of the brow fol-
lows a line drawn at an angle from the outer nasal ala that
passes just beside the lateral canthus.

Final closure of hair-bearing scalp incisions can be per-
formed with skin staples alone with excellent scar formation,
since no skin is excised and no pressure exists at the incision
sites. Redundant tissue (forehead skin) created by an average
of 1 cm of brow elevation is easily distributed evenly over the
posterior 15-20 cm of elevated scalp, which essentially
absorbs or redistributes this excess tissue with few to no
signs of bunching, provided adequate posterior elevation of
the scalp was performed. Because of this occurrence, the
endoscopic forehead and brow lift tends to slightly elevate
the hairline compared with the open skin-excising coronal
technique. No drains typically are required for the endo-
scopic technique.

It is interesting to note that in a survey performed in 1998
of American Society of Plastic and Reconstructive Surgery
members, a total of 6951 brow lifts were performed by 570
members. Of the questionnaire returned that year, 3534 used
a coronal incision and 3417 (almost 50%) were performed
endoscopically. The most prominent difference was the
greater chance for hair loss associated with the coronal inci-
sion technique; however, both techniques yielded very low
overall complication rates.

Postoperative Care

Following endoscopic forehead and brow lifting, a compres-
sion bandage is applied with a material such as Coban® or
Ace type wraps. The pressure helps to limit edema and small
hematoma formation while possibly improving fixation.
Typically, a drain is not required if a very dry field is main-
tained, making postoperative care very easy. The patient
should be instructed on limited activity, use of cold com-
presses over the eyes and brow. Head elevation is recom-
mended for the first 48-72 h as tolerated. Preoperative
avoidance of anti-platelet drugs, careful surgical technique,
and immediate postoperative use of cold compresses, eleva-
tion, and limited strenuous activity will significantly decrease
postoperative healing time.

The patient may remove postoperative dressing on post-
operative day 1 to visually inspect the surgical site for any
problems. A less constrictive Velcro-type head wrap then can
be used for patient comfort and to allow easy removal for

showering, but a dressing is not absolutely required after the
first 24 h. The patient may gently shampoo their hair after
24 h but must be cautioned to avoid water pressure directly
over the incision sites. Each incision then is cleaned twice a
day with a dilute peroxide solution, and a thin layer of anti-
biotic ointment is applied for the first week.

Ensuring a short and comfortable recovery is important
for the modern cosmetic surgery patient. One hopes an endo-
scopic technique will yield results with fewer overall prob-
lems than are associated with open techniques. Unfortunately,
the release of significant scalp and facial deep tissues contin-
ues to produce significant pain that requires narcotic relief
for most of the first few days.

Staples can be removed at the end of 1 week. Chemical
treatment for hair such as a “permanent” should be delayed
for at least 2 weeks to avoid the possibility of hair loss caused
by the harsh chemicals. Hot curling irons or similar devices
must be used with caution because areas of scalp anesthesia
that may be present for months can predispose a patient to an
accidental self-inflicted burn.

Complications

Fortunately, major complications are rare with properly per-
formed endoscopic forehead and brow-lifting techniques.
Proper patient selection, diligent preoperative planning,
meticulous surgical technique, and thorough postoperative
care all are required to limit the chances of complications
[85-91]. Minor complications can always occur despite a
surgeon’s best efforts. However, no matter how minor the
problem, the patient must be treated with concern and com-
passion. The typical cosmetic surgery patient is expecting
improvements soon as possible and is not always as tolerant
of perioperative complications as a trauma patient. Extensive
edema and ecchymosis usually are not considered complica-
tions, but they warrant appropriate reassurance and even
simple suggestions to hasten recovery when feasible. For
example, makeup suggestions from a well-trained staff
member may greatly improve a postoperative patient’s frame
of mind after he or she is shown how to better camouflage
unusual ecchymosis.

The list of true and significant complications includes
poor scar appearance, wound dehiscence, hematoma, skin
sloughs or perforations, asymmetries, sensory disturbances,
facial paralysis, eyelid ptosis, corneal abrasions, dry eye syn-
drome, hair loss (alopecia), infection, relapse, irregular facial
expressions, and contour irregularities. Of all possible prob-
lems, permanent facial paralysis or major tissue loss are the
most devastating. Fortunately, these particular complications
are rare (less than 0.3% and less than that for a standard
lower facelift). Regardless, it is critical for the clinician to
know the precise anatomy and to avoid improper or exces-
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sive retraction, overzealous electrocautery, and excessive
thinning of the flaps when transecting depressor muscles.
Hematomas must be diagnosed early and treated without
delay. Small fluid collections may be aspirated, but larger
collections require prompt open surgical intervention.

Some complications such as corneal abrasions can be
very concerning to the patient due to the severe pain they
produce. These abrasions can be nearly eliminated with
proper technique and perioperative attention to detail. For
instance, eye lubricant should always be used. Placement of
temporary Steri-Strips over the eyelids or a tarsorrhaphy
suture should also be considered to prevent inadvertent
scratching of the cornea by gauze, tubing, or other materials
during the procedure. All severe pain requires immediate
evaluation, and suspected abrasion should be treated with
suitable ophthalmic drops or bandage contact lens for pain
and with patching of the affected eye for 12-24 h. Minor
blurred vision for the first 12 h due to chemosis and use of
ophthalmic ointments is not unusual. Appropriate ophthal-
mologic consultation is required for persistent or uncontrol-
lable eye pain, persistent dry eye symptoms, or unusual
changes in vision.

Alopecia and sensory disturbances can be very bothersome
to the patient and may not be permanent. The problem is our
inability to predict whether the numbness a patient has will
return partially, not at all, or fully, and just how soon this will
happen. With proper technique, endoscopic forehead and
brow lift has a high rate of sensory nerve recovery, but full
recovery may take several months and may require patient
reassurance. Although exact numbers are not known, empiric
observation of the last 350 endoscopic brow lifts performed by
this author strongly suggests that sensory disturbances may be
an occasional early concern but a very unusual complaint after
6—12 months. Careful dissection around the supraorbital nerve
is critical if permanent sensory disturbances are to be avoided.
Alopecia, on the other hand, is a matter of significant concern,
especially if it persists for longer than a few months. Local
alopecia may return after an average 4-8 month dormancy
period in the hair follicle. A condition known as telogen afflu-
vium is the result of stress or a “shock” to the system that can
cause up to 70% of hair to fall out. Although it is typically
self-limiting, this condition causes great distress, particularly
because it may take 6-8 months for the hair to return. Often,
the hair follicles in this situation have a club shape and may be
found in areas far from the surgical site. On the other hand,
excessive tension on the flaps, rough handling of wound mar-
gins, or excessive use of cautery near follicles may lead to
permanent hair loss that requires treatment.

Proper planning, technique, and postoperative care will
help to reduce the incidence of complications. Immediate
and appropriate treatment, along with sincere concern for the

patient’s well-being, should minimize escalation of the prob-
lems or having unsatisfied patients.

Summary

Evolution in upper facial rejuvenation techniques over the
past decade, led by the use of the endoscope and Botox, has
revolutionized the treatment of upper facial aging. Cosmetic
surgery for the treatment of the upper facial third is frequently
an essential element for complete facial rejuvenation [85, 86].
Procedures are highly variable and can offer improvement in
this area of the face to both young and old (Fig. 18.12).
Accurate diagnosis with the ideal rejuvenation technique(s) is
essential for maximum esthetic benefit. Even the best surgical
technique can produce inadequate or even poor results if
improper patient selection or diagnoses are made. For this
reason, the forehead and brow area must be critically evalu-
ated for a wide range of interlacing diagnoses.

Particular forehead and brow skin problems vary with
patient’s age and sex, but gravity remains consistent and
nonselective. So, with regard to brow ptosis, the question
often is not “Will it occur?” but “When will it occur?” and
“How severe will it be?” Wrinkles are also inevitable but
may be dynamic or static in nature. With introduction of
Botox, the previously difficult treatment of dynamic upper
facial lines can be effectively treated with low risk from a
simple injection. The other common and consistent finding is
brow ptosis, especially in the lateral third of the brow (hood-
ing), may now be selectively treated endoscopically to
achieve a more youthful appearance. Society’s definition of
beauty at any single moment in time ultimately will guide
the patient and surgeon as they choose position and shape of
their brow. True or total rejuvenation is complex and involves
multiple modalities and often tissue replacement techniques
such as fat grafting. Only time and persistence will prove
what best restores youth to the upper face. Endoscopic fore-
head and brow lifting is an elegant surgical adjunct in a wide
surgical armamentarium.

Facial cosmetic surgery continues to show an exponential
rise in popularity. The aging population wants to feel and
look more youthful, nonetheless demands to remain looking
natural after low-morbidity procedures. Today’s discernible
cosmetic surgery patient is often very knowledgeable on the
subject of procedural options and may even insist on a spe-
cific technique such as an endoscopic procedure. It is the
guidance of a well-trained surgeon and diagnostician that
can ultimately produce a happy patient. Also, it is imperative
for the surgeon to refuse to provide treatment that is not in
the best interest of the patient. Cosmetic surgery is an elec-
tive surgery and is considered a luxury. In the end, it is the
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Fig. 18.12 Young and older female patients may significantly benefit
from brow lifting as these before and after pictures demonstrate. The
key is selecting the appropriate patient who would truly benefit and

surgeon’s responsibility to provide the patient with the best
and safest techniques available to achieve realistic outcomes,
whether they are performed endoscopically or by any other
means.
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Introduction

With age, our skin loses the elasticity and fullness that char-
acterizes a youthful facial appearance. Typically, drooping
occurs in anatomically thin areas like the periorbital region,
and volume loss manifests as wrinkles. Rhytidectomy,
known more commonly as a facelift, refers to the surgical
removal of wrinkles. By lifting the upper face and narrowing
the lower face, the facelift seeks to restore a heart-shaped,
youthful aesthetic [1].

Anatomy
Anatomic Layers

There are five crucial anatomical layers to consider when
performing the facelift — skin, subcutaneous fat, the superfi-
cial musculoaponeurotic system (SMAS) layer, fascia, and
the facial nerve (Fig. 19.1). The skin contains the dermal
plexus which supplies blood to the flap in the facelift. The
subsequent layer is made up of subcutaneous tissue. The
third layer is the SMAS layer, which is a fibro-connective
tissue of variable constitution throughout the face. First char-
acterized by Mitz and Peyronie in 1976, the SMAS is at its
thickest in the buccal area overlying the parotid gland and
transitions to an aponeurotic layer as it progresses toward the
nasolabial folds. The adiposity of the buccal region is higher
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in order to support systematic sliding of the SMAS around
somatic muscular contraction [2]. Conversely, the tissue over
the nose and face is much more fixed and is more fibrous in
quality. The SMAS layer becomes contiguous with the
superficial temporal fascia at the temples and with the pla-
tysma in the neck. The fourth layer is made up of a loose
areolar tissue, and it has various names throughout the face.
It is named the subgaleal fascia in the temporal region, the
parotid-masseteric fascia in the cheek, and the superior cer-
vical fascia in the neck. The facial nerve and its branches
make up the fifth layer.

Facial Nerve and Muscle Innervation

The facial nerve is the seventh cranial nerve, which origi-
nates at the brainstem at the pontomedullary junction and
ultimately exits the base of the skull at the stylomastoid fora-
men. The facial nerve then courses anteriorly, almost imme-
diately giving off branches to the stylohyoid, the posterior
digastric belly, posterior auricular, and occipitalis muscles of
the nuchal region [3]. As it enters the parotid, the nerve can
branch into temporofacial and cervicofacial branches [4].
The trunks then subdivide into the parotid plexus, otherwise
known as pes anserinus. Classically, five nerves exit the
anteromedial parotid surface to supply the facial muscles
(Fig. 19.2).

The temporal branch divides into anterior and posterior
rami after arising from the parotidomasseteric fascia. There
is sometimes a middle ramus that can arise to supply the
frontalis muscle. The anterior and posterior rami traverse the
zygomatic arch before entering the subgaleal space to give
off branches to the lateral part of the auricle, and the anterior
and superior auricular muscles. The anterior branches also
supply the occipitofrontalis, the corrugator muscles, orbicu-
laris oculi, and branches of the ophthalmic nerve. The tem-
porofrontal branches are commonly injured, so it is
imperative to maintain a dissection plane that is superficial to
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Fig. 19.1 Anatomic layers of the face. (a) Skin, (b) subcutaneous tis-
sue, (¢) SMAS, (d) platysma, (e) superficial temporal fascia, (f) galea
fascia

the temporoparietal fascia to avoid inadvertent harm [5]. The
sentinel vein can often be used as a landmark that conveys
proximity to the nerve.

The zygomatic branches are variable but generally tra-
verse the zygomatic bone to the lateral canthus of the eye.
They supply the orbicularis oculi, provide innervation to sev-
eral muscles supplied by the buccal branch, and communi-
cate with the lacrimal nerve and branches of the maxillary
nerve. The upper zygomatic branches are deep to the upper
one-third of the zygomatic major muscles in the sub-SMAS
plane. The inferior zygomatic branches are inferior to the
upper part of the masseteric ligament but can become super-
ficial near the inferior margin, so care must be taken to avoid
inadvertent transection [3]. The buccal branch is intimately
associated with the parotid duct, lying below the duct for
roughly 2.5 cm after emerging from the parotid gland.
Superficial branches lie below the SMAS system, and deep
branches pass to the procerus and communicate to the
infratrochlear and nasal nerve. Upper branches supply the
zygomaticus major, levator labii, and infraorbital plexus.

Fig. 19.2 Branches of the facial nerve (VII). (a) Cervical branch, (b)
posterior auricular branch, (¢) temporal branches, (d) zygomatic
branches, (e) buccal branches, (f) mandibular branches

Lower branches supply the orbicularis oris and buccinator.
The buccal branches are variable and can have a substantial
number of branches. There can also be a vast number of
interconnections with zygomatic branches. It is no surprise
that these branches are the mostly commonly injured facial
nerve branches. In many cases, neurological recovery after
injury is mediated by overlapping functions of these many
collateral branches. In order to avoid injury, the surgeon
must be careful to establish a depth of dissection above the
upper zygomatic ligament, and caudad to the upper masse-
teric ligament [5]. Around the masseteric ligament in partic-
ular, branches can reside as shallow as 1 mm deep to the
SMAS. The zygomatic eminence provides a relatively safe
area of dissection.

There are two marginal mandibular branches. One branch
takes a course roughly 2 cm below the mandibular line and
turns upward, passing under the depressor anguli oris to sup-
ply the risorius, the lower lip, the chin, and communicate to
the mental nerve. The cervical branch emerges from the
parotid and dives below the platysma and the cervical skin.
At the mandibular border, the marginal mandibular nerve can
course superficial to the facial artery — as it crosses the facial
vessels, it presents a risk for inadvertent injury [5]. The sur-
geon must take care to stay superficial to the platysma-SMAS
in this region because the tissue is particularly thin and can
be adherent to the overlying tissue.
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Muscles and Ligaments

The frontalis is responsible for the raising of the eyebrows,
while the corrugator muscles enable downward movement of
the eyebrow. The orbicularis oculi muscle is essential to clo-
sure of the eye. The orbicularis oris and buccinator are
involved in mouth closure and cheek muscle function. The
mandibular branches supply the muscles of the mentalis, the
paired central muscles of the chin that permit wrinkling and
pouting. These muscles are innervated by branches of the
facial nerve that approach from the deep surface. Therefore,
dissection in a plane superficial to the SMAS layer can be
performed relatively safely.

The muscles of mastication are supplied by the mandibu-
lar branch of the trigeminal nerve, or cranial nerve V. This is
comprised of four muscles: the masseter, the temporalis
muscle, and the medial and lateral pterygoids. CN V3 also
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artery and vein

Occipital artery and vein

Posterior auricular vein

Posterior auricular artery

Occipital vein m———

Occipital artery

External jugular vein

Internal jugular vein

Fig. 19.3 Arteries and veins of the face, head, and neck

innervates the tensor veli palatini, which assists in soft palate
movement when swallowing, the mylohyoid muscle that
forms the mandibular floor, the anterior belly of the digastric
muscle that supports movement of the jaw and elevation of
the hyoid bone, and the tensor tympani, which mediates the
dampening of sounds.

Vascular Supply

Four main arteries supply the face — the facial artery, the
maxillary artery, the superficial temporal, and the ophthal-
mic artery.

The facial artery arises from the external carotid artery,
passing from the anterior inferior masseteric border on a
diagonal course to the medial border of the eye (Fig. 19.3). It
transitions from the pre-masseteric artery, gives off the infe-
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rior and superior labial arteries, the lateral nasal artery, and
ultimately becomes the angular artery.

The maxillary artery is a large terminal branch of the
external carotid artery that gives off three main branches.
The inferior alveolar artery terminates as the mental artery,
supplying the chin and inferior labial region. The buccal
branch stems from the second part of the maxillary artery to
supply the cheek. The third part of the maxillary artery gives
rise to the infraorbital artery that ultimately supplies the
upper lip, the lateral nasal area, and the lower eyelid.

The superficial temporal artery is the second terminal
branch of the external carotid. It begins from the posterior bor-
der of the parotid gland and runs up the scalp before dividing
into the frontal and parietal branches. The transverse facial
artery, the auricular artery, and zygomatico-orbital artery are
all small named branches of the superficial temporal artery.

The ophthalmic artery branches from the internal carotid
artery, and it becomes several smaller arteries in the face.
The supratrochlear artery supplies the upper eyelid and fore-
head. The supraorbital artery arises from the supraorbital
notch; it gives off superficial and deep branches to the fore-
head, scalp, and the mucoperiosteum of the frontal bone. The
lacrimal artery arises from the lateral part of the orbit and
gives off the zygomatic artery that divides into zygomatico-
facial and zygomaticotemporal branches. Together, they sup-
ply the distribution that encompasses the lateral orbital area
and the cheek. The medial palpebral arteries supply the
medial area of the eyelids. The dorsal nasal artery supplies
the external nose skin and lateral nasal cartilage.

Venous Drainage

The venous drainage of the face is subject to significant vari-
ation, but general relationships are well characterized. The
supratrochlear vein drains the forehead and superficial tem-
poral vein branches. It descends the nasal bridge to join
branches of the supraorbital vein near the medial canthus of
the eye. The supraorbital vein drains the frontal sinus, the
superior ophthalmic vein, and traverses the orbicularis oculi.
After uniting with the supratrochlear vein, it becomes the
facial vein, which travels alongside the nose and passes
beneath the cheek muscles before it superficializes at the
masseter. It then crosses the mandible to become the internal
jugular vein in the neck.

The superficial temporal vein is connected to a rich
venous network in the scalp that includes the supratrochlear
veins and supraorbital veins. The anterior and posterior
branches of the scalp meet at the zygomatic arch to become
the superficial temporal vein. The maxillary vein joins the
superficial temporal vein, becoming the retromandibular
vein behind the parotid gland. The retromandibular vein
drains into the external jugular vein.

The retromandibular vein is superficial to the external
carotid artery and provides an important anatomic landmark
for the facial nerve [6]. In general, the facial nerve can be
found lateral to the retromandibular vein and passes superfi-
cially. In one described anatomic variant, the facial nerve
branch passes through a vascular ring formed by the retro-
mandibular vein. This relationship between the retroman-
dibular vein and the facial nerve must be well defined to
avoid inadvertent injury.

Retaining Ligaments

There are two retaining ligaments in the face where soft tis-
sues are relatively fixed. The zygomatic ligament runs along
the cheekbone, above and anterior to the parotid. The man-
dibular ligament is a fixture at the jawline. These are
anatomically significant because they may be released when
facial tissue is re-draped (Fig. 19.4).

Other Important Anatomic Considerations

The greater auricular nerve is a sensory nerve that traverses
the sternocleidomastoid roughly 7 cm below the external
auditory meatus and lies deep to the external jugular vein.
Branches of this nerve become superficial to supply the ear-
lobe. Transection commonly results in hyperesthesia, perma-
nent loss of sensation, and potentially neuroma. This can
occur in up to 7% of facelifts [7].

The tear trough is the groove between the medial canthus
of the eye and the nose-bridge. In many people, this becomes
more pronounced with age. This is of importance because
most facelift techniques do not address the teardrop defor-
mity. Rather, it can be addressed with filler techniques or fat
micrografting.

The malar fat pad is the fibrofatty tissue that overlies the
infraorbital zygomatic muscles. It is superficial to the SMAS
layer. With age, drooping of the fat pad leaves a sunken
appearance. In the SMAS technique, it is mobilized in conti-
nuity with the SMAS layer and lifted to create a fullness in
the infraorbital region.

The buccal fat pad is superficial to the buccinator and
masseter muscles in the cheek. The buccal branches of the
facial nerve run above the plane of the fat pad. The fat pad
can be accessed by a sub-SMAS dissector or from a trans-
oral approach through the buccinator muscle. Removal of fat
from the buccal fat pad is sometimes performed in patients
with fuller faces, but can also create an aged appearance.

The parotid gland is bound by the masseter anteriorly,
the zygomatic arc superiorly the external auditory canal
posteriorly, and the mandibular ramus inferiorly. The gland
lies underneath the SMAS layer and is enveloped by the
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Fig. 19.4 Retaining
ligaments of the face and
superficial fat compartments
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parotidomasseteric fascia. It is most likely to be injured at
the inferior portion, near the mandible. While there are
roughly 20 cases described in the literature. Injury can
result in persistent fistulae, sialoceles, and compromised
wound healing [8].

The platysma is the superficial muscular layer of the neck.
The two muscles come together at the midline, where it can
become more redundant with age. This can be plicated and
trimmed in a platysmaplasty.

The spinal accessory nerve, or cranial nerve XI, exits the
jugular foramen with the internal jugular vein and vagus
nerve. It courses through the anterior triangle to supply the
SCM. There have been case reports describing injuries or
neuropraxias that manifest as varying degrees of shoulder
pain and dysfunction [9, 10].

Facelift Techniques

The first rhytidectomy was credited to German surgeon,
Eugene Von Hollander in 1901. In a later text entitled
“Cosmetic Surgery,” Von Hollander describes excising ellip-
tical portions of skin at natural folds along the hairline and
periauricular area. Julien Bourguet advanced the procedure
with subcutaneous undermining and removal of fat through
an incision hidden on the inside of the lower eyelid [11].
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Swedish Surgeon, Tord Skoog would later innovate the
SMAS facelift that has evolved into the most commonly per-
formed iteration of the rhytidectomy today.

The subcutaneous facelift technique is characterized by
undermining in the subcutaneous tissue plane. The goal is to
create an inconspicuous incision disguised in the hairline,
which can be challenging in patients with prior facelifts due
to varying degrees of distortion of the hairline and ear. The
incision begins at the hairline, and proceeds along the crus of
helix, and continues in either an antetragal or retrotragal
fashion [12]. The incision passes then beneath the earlobe,
and ascends the retro-auricular sulcus through the hairline
into the occipital scalp in an S-shaped or inverted-V-shaped
pattern (Fig. 19.5). The extent of undermining and depth can
be catered to the unique age-associated changes in the
patient. It is best to perform the undermining under direct
visualization to avoid permanent nerve injury. Also, provid-
ing an excessive amount of countertraction can result in a
thinner-than-desired flap. The skin is then re-draped in a pos-
terosuperior direction and is trimmed and inset accordingly.
Special care is undertaken at the hairline to avoid distortion
adjacent to the ear. For males with inherently longer
sideburns, the incision may transect the sideburn to allow
aesthetic re-draping of the cheek in a vertical direction. In
this scenario, the inferior flap of the sideburn is fixed no
higher than the junction of the cheek and ear. The neck is re-
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Fig. 19.5 Facelift incision. The incision is made within the temporal
region in the hair but may be placed anterior to the hairline in those with
thin hair. The incision continues inferior to the posterior aspect of the
tragus, around the lobule and into the retroauricular sulcus to a height
high enough to remain invisible in individuals with short hair. The inci-
sion terminates in the occipital scalp after extending a short distance
along the hairline

draped with traction mostly in the horizontal direction. The
skin is incised and trimmed to avoid step-off at the occipital
hairline.

The traditional SMAS dissection highlights the mandibu-
lar angle. Two incisions are created in the SMAS — one just
caudal to the zygomatic arch and one just anterior to the ear
that extends past the angle of the mandible to the anterior
SCM. The SMAS is mobilized off the parotid fascia until the
anterior border of the parotid. The flap is mobilized and
trimmed and rotated up and posterior before being transfixed
to the original incision. The platysmal portion is lifted and
sutured to the mastoid periosteum.

The extended SMAS dissection is similar to the afore-
mentioned technique except for a transverse incision that is
made above the zygomatic arch. This offers an added benefit
of enhancing the malar region.

B.W. Won et al.
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Fig. 19.6 Lateral SMASectomy. Strip of SMAS removed obliquely
along the axis between the lateral canthus of the eye and mandibular
angle

The SMASectomy is another variant (Fig. 19.6). A strip
of SMAS is removed obliquely along an axis between the
lateral canthus of the eye and the mandibular angle. When
dissecting, it is crucial to stay superficial to the deep fascia to
avoid resection of the parotid parenchyma [13]. In thin
patients, plication of the SMAS along this axis may be pref-
erable as it preserves fatty tissue. A surgeon must be cautious
to avoid place sutures too deeply that can be injurious to buc-
cal branches of the facial nerve.

The composite rhytidectomy is the most invasive iteration
as it dissects the skin and SMAS as a singular flap. While
this technique preserves vasculature, it sometimes requires
prolonged operative time and recovery time. Conversely,
several minimally invasive techniques have been devel-
oped — one popular method is the minimal access cranial sus-
pension (MACS) lift, which is performed through a limited
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Fig. 19.7 Extended minimal access cranial suspension (MACS) lift.
Platysma and mandibular angle are sutured to the deep temporal fascia
under tension while the malar fat pad is raised in a cephaloposterior
direction

preauricular incision (Fig. 19.7). In the simple MACS lift,
the platysma and the mandibular angle are sutured to the
deep temporal fascia under tension to elevate the jowls. In
the extended MACS lift, the malar fat pad is also raised in the
cephaloposterior direction to improve sagging in the middle
third of the face [14].

A platysmaplasty, commonly performed via a submental
incision, may accompany many facelift procedures. An inci-
sion is made just below the submental fold and the subcuta-
neous tissue is undermined to expose the plastysma.
Redundant tissue can then be excised or plicated at the
medial borders of the platysma (Fig. 19.8). Unsightly platys-
mal bands can be resected. In addition, the platysma can be
lifted and tightened in the posterior superior direction and
then fixated to the preauricular, peri-mastoid tissue, and

Fig. 19.8 Platysmaplasty

posterior cervical region — this can be accomplished through
a lateral neck incision such as the one required to perform the
SMASectomy [15].

Summary

Traditionally, the facelift techniques that involve changes to
the deep fascia were presumed to have been more efficacious
and more durable than minimally invasive methods, but this
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myth has been disproven in multiple studies [16]. A large
2011 systematic review sought to compare facelift methods
in terms of efficacy, patient satisfaction, and complication
rate. Ultimately, this study was inconclusive due to a lack of
objective criteria between studies to demonstrate superiority
[17]. To date, there is no gold standard in terms of surgical
approach for rhytidectomy. Regardless of the technique
employed, a comprehensive understanding of the anatomy of
the face is necessary to avoid complications and maximize
aesthetic results.
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Introduction

The eyes are arguably the most important facial features
when it comes to communication of emotion, age, health,
and attitude. The human eye conveys a range of emotions
from love to fear and everything in-between. The eyes are
one of the first places that we as humans look when we meet
someone. Eye contact is very powerful and can play a vital
role in our interpretation of other people and how we per-
ceive others’ level of engagement. As we age, actinic and
degenerative changes of the facial soft tissue lead to loss of
elasticity of the skin as well as fat atrophy and appearance
of excessive rhytides. When we as humans try to determine
someone’s age, we consider multiple factors with heavy
emphasis on wrinkles and fat redistribution on the face and
specifically the periorbital region. The aging changes of the
periorbital region convey fatigue, sadness, and just reduce
the overall aesthetic appearance. Dermatochalasis (exces-
sive eyelid skin) or steatoblepharon (pseudoherniation of
orbital fat) is significant enough to cause a pseudoptosis
and reduce the visual fields. Blepharoplasty is a cosmetic
procedure to reduce excess eyelid skin and recontour the
underlying fat in order to provide a more youthful appear-
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ance. Blepharoplasties can be performed alone or in con-
junction with other cosmetic procedures. When considering
a blepharoplasty for a patient, the provider should consider
all aspects of the facial subunits, attempt to determine the
patient’s overall desires, and formulate a treatment plan to
address those needs. The use of minimally invasive cos-
metic injectables in combination with a blepharoplasty can
provide quite life-changing cosmetic results without the
need for very invasive surgery. Among the cosmetic proce-
dures available, blepharoplasty is quite popular due to its
relatively short recovery time, ease of operation, and high
impact [2, 3].

Anatomical Consideration

Proper understanding of surgical anatomy is vital to success-
ful outcomes in all surgical procedures. The eye is a very
sophisticated area and its unique anatomy often intimidates
cosmetic surgeons unfamiliar with this region. The lid com-
plex can be divided into the upper and lower eyelid.

The eyelid skin is one of the thinnest in the body due to
its lack of real underlying subcutaneous tissue. The upper
eyelid has two segments or subunits. The first is the zone
from the lid margin to the lid crease and consists of skin,
minimal subcutaneous tissue, orbicularis muscle, levator
aponeurosis, tarsus or Muller’s muscle superiorly, and con-
junctiva. The second subunit is from the crease to the supe-
rior orbital rim consisting of the skin, subcutaneous tissue,
orbicularis muscle, orbital septum, preaponeurotic fat pads,
levator aponeurosis, Muller’s muscle, and conjunctiva. The
orbicularis muscle is a thin muscle immediately deep to
the skin forming concentric circles around the orbit. The
orbicularis muscle serves to protract the eyelids and closes
the eyelids (see Fig. 20.1). This muscle is innervated by
Cranial Nerve VII (the facial nerve). Deep to the orbicu-
laris muscle is the orbital septum that is continuous with
the periosteum of the orbit and separates the preseptal and
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Fig. 20.1 Anatomical illustrations of the periorbiral region

postseptal spaces. Posterior to the septum are the fat pads
of the eye. The fat pads’ main function is to act as a lubri-
cant to allow a smooth continuous movement of the eyes
in function. There are three fat pads to the upper eye. The
medial and central fat pads compose most of the volume
of the upper eyelid. The lateral fat pad contains the lacri-
mal gland consisting of two lobes and is responsible for
tear production to protect the cornea. Deep to the fat pads
are the levator aponeurosis and Muller’s muscle which act
to retract the upper eyelids. The levator is innervated by
Cranial Nerve III (the oculomotor nerve), while Muller’s
muscle is innervated by the sympathetic nervous system.
The levator muscle septal fibers extend to the skin and are
represented as the lid crease which is typically found about
100 mm above the lid margin, just above the most superior
aspect of the tarsal plate. The tarsal plate is the connective
tissue support of the eyelid and is about 8—12 mm in the
upper eyelid. When the eyelid opens, the lid crease skin is
pulled in the superior and posterior directions by the apo-
neurosis as it retracts under the fat pads.

The lower eyelid is like the upper eyelid. The three fat
pads of the lower lid are continuations of the malar fat pad
but are separated by the orbital ligaments. The tarsal plate
of the lower eyelid is smaller (3—5 mm). The capsulopalpe-
bral fascia is the equivalent to the levator aponeurosis of the
upper eyelid. The following seven bones compose the orbit:
frontal, zygomatic, maxillary, sphenoid, ethmoid, palatine,
and lacrimal. The infraorbital nerve is a continuation of the
maxillary nerve after it passes through the pterygopalatine
fossa entering the floor of the orbit. About halfway between
the apex and the orbital rim, the nerve enters the infraorbital
canal running centrally along the floor. The nerve exits the
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canal at the foramen about 1 cm below the inferior orbital
margin between the levator labii superioris and levator anguli
oris muscle.

The periorbital region is very vascular in nature. The
supraorbital artery arises from the ophthalmic artery and
enters the corrugator muscle at the level of the supraorbital
rim and runs in a medial to lateral direction. At the supra-
orbital notch the vessel branches into superficial vertical
and brow branches and deep medial, oblique, and lateral
branches. The supratrochlear artery arises from the ophthal-
mic artery and exits the orbit about 20 mm lateral to the mid-
line. This artery becomes superficial about 15-25 mm above
the superior orbital rim but runs medial about 3 mm from
the medial canthus. The infraorbital branch of the maxillary
artery exits the infraorbital foramen with the nerve and sup-
plies the lower lid and the skin of the midface. The infraor-
bital artery lies deep to the levator labii superioris muscle
and superficial to the levator anguli oris muscle [4]. When
performing the blepharoplasty it is unlikely to run into the
major branches of the vessel, but rather the numerous small
feeding vessels of the skin. The nerves of the periorbital
region are also unlikely to be in the surgical field.

Indications

Blepharoplasty is often performed due to cosmetics con-
cerns. As stated, it can be used to enhance the overall cos-
metic appearance of the face as the eyes are an essential
component to beauty. Upper and lower eyelid blepharoplas-
ties are often used to remove excess skin and fat to aid in
facial rejuvenation.
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Aging is a typical cause of dermatochalasis or sagging
of the eyelids due to skin redundancy and lid atrophy. The
overall prevalence of dermatochalasis among individuals
45 years or older is reported to be 16% and is more frequent
in males [6]. Repeated contraction of the orbicularis muscle
over time, along with gravity, leads to decreased elasticity
of the skin and weakening of the connective tissues in the
forehead. Many patients present with cosmetic concerns of
drooping eyes, and complain of a tired aged appearance. For
some, the eyelid ptosis can be severe enough to cause periph-
eral visual field reduction. Steatoblepharon, which is ante-
rior prolapsing of the eyelid fat pad due to weakening of the
orbital septum, causes a puffy eye appearance. Indications
for upper lid blepharoplasty are asymmetry, muscle laxity,
excessively high/low lid crease, excessive wrinkling, and
skin laxity. The indications for a lower lid blepharoplasty
include dermatochalasis and fat herniation [5, 6].

Patient Evaluation

A full medical history and evaluation are necessary before
any surgical procedure. It is important to identify any under-
lying medical conditions, especially those that may have a
direct association with the eyes/peri-orbital region. Specific
follow-up questions should address thyroid abnormalities,
autoimmune disease, dry eyes, chronic blepharitis, ptosis, and
previous surgeries such as LASIK (laser in situ keratomileu-
sis) or photorefractive keratectomy (PRK). Blepharoplasty
is relatively contraindicated in patients with recent eye sur-
gery such as LASIK within the past 6 months. Patients with
persistent dry eye symptoms should also be avoided to an
increased risk of worsening symptoms. Autoimmune dis-
eases such as Graves’ disease and myasthenia gravis should
be properly medically managed and should be free of symp-
tomatic orbitopathy for 1 year before considering a cosmetic
blepharoplasty.

A full ophthalmologic evaluation should be performed
that includes a visual acuity test, ocular muscle motility,
and a basic tear secretion test to ensure adequate tear pro-
duction. An option is a Schirmer’s test which is performed
by placing a strip of test paper over the temporal palpebral
conjunctiva and measuring the wetting on the strip after
5 minutes. Measurements of less than 10 mm may indicate
inadequate production and one may consider avoiding a cos-
metic blepharoplasty.

As with any cosmetic patient, it is important to have a
good understanding of the patient’s motives for the proce-
dure and what goals they are looking for. Much of cosmetic
surgery involves managing patient’s expectations and good
patient selection. Although blepharoplasty can be quite a
life-changing procedure, it is important that the patient does
not have any unrealistic expectations.

When assessing the cosmetic patient, it is vital to take a
holistic approach looking at all areas of the face. Preoperative
photographs can be helpful in both treatment planning and for
patient records. Determine the overall quality of the patient’s
skin including any history of hypertrophic scarring/keloids.
Observe the level and shape of the hairline as it corresponds
to the position of the brows. The eyebrows are important
components of facial beauty, and asymmetries in the eye-
brows can become more apparent after other cosmetic com-
ponents are improved. One should assess the relationship of
the brow position to the upper eyelid and determine whether
and upper lid blepharoplasty is sufficient or whether a brow-
lift may be indicated in addition to or in lieu of the bleph-
aroplasty in order for the patient to achieve his/her desired
results. Manual manipulation of the brow to the desired posi-
tion allows the patient and surgeon to determine the role the
brow plays in the eyelid position. The presence of excess skin,
skin laxity, and fat herniating of the upper eyelid needs to be
determined after optimal brow position has been established.
Preoperative measurements of the eyelid aperture should be
recorded, noting the high point of the upper lid and the shape
of the palpebral fissure. The position of the lid crease and fold
should also be recorded. The amount of excess skin should
be evaluated after the surrounding structures have been cor-
rected mentally. If a brow-lift is also planned, the amount of
excess of lid skin requiring removal will be less. Laxity of
the canthal tendons is also noted and manually tightened with
the finger before considering removal of any skin. The lower
lid is assessed in a similar fashion. The lower lid fat pads are
more often involved, and the amount of fat removal or reposi-
tioning needs to be calculated preoperatively [7-9].

Anesthesia

A topical anesthetic can be used for conjunctival anesthesia if
a protective corneal shield is being utilized. Local infiltration
is usually enough for blepharoplasties although these pro-
cedures can be performed under oral sedation, IV sedation,
or under general anesthesia depending on specific patient
factors. Most patients will tolerate the procedure with just
the use of lidocaine with a vasoconstrictor such as epineph-
rine. Many providers make a personalized local anesthetic.
Utilizing combinations of lidocaine, bupivacaine, epineph-
rine, bicarbonate, and tranexamic acid can provide great local
anesthetic with hemostatic control. 1-2 mL of anesthetic is
placed subcutaneously at the surgical site with a 30-gauge
needle. The anesthetic is useful in causing hydro-dissection,
and can increase ease of the procedure. When fat pads are to
be contoured, additional local anesthetic is injected into the
fat pads perioperatively as they are often more difficult to
fully anesthetize. It is best to inject the local anesthetic after
the eyelids are marked to prevent any distortion.
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Upper Lid Blepharoplasty

Marking the patient in the supine position allows for adequate
relaxation of the skin and can help to prevent lagophthalmos
after the procedure. Markings in the upright position should be
in a neutral gaze with brows properly positioned and relaxed.
The natural upper eyelid crease is situated above the ciliary
margin at approximately 8-9 mm in women and 7-8 mm in
men. The lower limit of excision should be along the eyelid
crease. Nasally, the incision should be limited by a line drawn
upward from the medial commissure, avoiding the deep con-
cavity of the medial canthal region. The lateral extent of the
marking should be limited by an imaginary line joining the
lateral end of the brow to the lateral canthus. Carrying the
incision too far medially may result in scar band formation or
medial webbing. Lateral extension of the incision beyond the
orbital rim also results in a more prominent and visible scar. To
assess the amount of skin to be removed, the surgeon may use
the pinch technique. The patient is asked to gently close the
eyelids, and smooth forceps are used to grasp the excess skin
above the eyelid crease incision just until the eyelashes begin to
rotate upward. This is marked as the maximum amount of skin
that may be safely removed. A minimum of 20 mm of vertical
lid height from the inferior border of the brow to the ciliary

margin should be preserved for normal eye closure. Once the
skin has been marked with the patient in an upright position,
the surgeon gently presses on the globe to observe protrusion
of the fat pockets. The location and amount of protrusive fat is
assessed and considered for surgical contouring [10].

The lid is placed under traction and a Bard-Parker #15
blade or monopolar cautery is used to incise the skin to the
level of the dermis. Utilization of cautery allows for a rela-
tively bloodless plane and less postoperative swelling. The
skin flap is then removed with a blade or Wescott scissors
leaving the underlying muscle intact. Excision of fat is only
removed if obvious protrusion is noted when the patient was
in the upright position to try and prevent a puffy appearance.
To access the fat, a small incision (about 2 mm) with cautery
is made just below the orbital rim through the orbicularis
muscle and septum. Scissors can be utilized to spread and
prolapse the fat. Gentle pressure on the globe can facilitate
additional fat herniation, and conservative removal is per-
formed. The incision through the orbicularis muscle does
not need to be sutured. The lid skin is closed with 5-0 fast-
absorbing gut, 6-0 nylon, or prolene sutures depending on
the surgeon’s preferences and in a simple non-locking run-
ning suture. Utilization of some tacking sutures can be useful
(see Fig. 20.2).

Fig. 20.2 (a) Incision markings, (b) lid is placed under traction and
monopolar cautery is used to incise the skin to the level of the dermis,
(c) skin flap is removed, (d) the skin is closed with 5-O gut suture.
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(Photo courtesy of Michael J. Will, MD, DDS, FACS, Will Surgical
Arts, 3280 Urbana Pike, Suite 201, Ijamsville, MD 21754)
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Lower Lid Blepharoplasty

Unlike the upper blepharoplasty where the majority of cases
involved just skin removal, lower blepharoplasties usually
involve fat redistribution.

In the transcutaneous approach, the skin is marked about
3 mm inferior to the lash line from the inferior punctum to the
lateral canthal angle. If the skin is to be removed or if the orbi-
cularis muscle is to be tightened, the incision is extended lat-
erally and downward toward the earlobe. The skin is incised
with a #15 blade, and scissors are used to dissect into the sub-
orbicular plane and along the anterior surface of the orbital
septum. The septum can be identified by pushing on the globe
gently causing prolapse of the fat beneath the septum. Each
of the fat pad capsules is open with scissors. The temporal
and central fat pads are separated by vertical bands of fascia
between the orbital septum and the capsulopapebral fascia.
The fat is then teased out gently to avoid excessive bleeding.
The medial fat pad needs extra care as to not harm the inferior
oblique muscle as the fat is excised (see Fig. 20.3).

Fig. 20.3 (Top) central fat pad and (Bottom) medial fat pad. (Photo
courtesy of Michael J. Will, MD, DDS, FACS, Will Surgical Arts, 3280
Urbana Pike, Suite 201, Ijamsville, MD 21754)

In the transconjunctival approach, the lid is everted
with a Desmarres retractor and the eye is protected with a
Yeager lid plate. A CO, laser or electrocautery is used to
make a 3 cm transverse incision through the conjunctiva
about 4 mm behind the infraorbital rim and the lateral fat
pad is exposed with the utilization of a buttonhole inci-
sion through the conjunctiva laterally about 4 mm from
the inferior tarsal plate. The lateral fat pad is easily iden-
tified before any bleeding occurs. The incision can then
be extended medially to expose the central and medial
fat pads which can then be removed with electrocautery,
CO, laser, and/or fine scissors. Closure of the conjunctiva
is completed with a few 6-O plain catgut sutures. This
approach hides any incisions within the inner eyelid and
allows for a very pleasing result.

Postoperative Care

Ophthalmic antibiotic ointment is applied on cutaneous inci-
sions. The patient is instructed to apply cold packs to the sur-
gical site to help reduce swelling. Severe pain is not expected,
and usually the utilization of alternating acetaminophen
and ibuprofen is adequate management. If non-resorbable
sutures are used, they can be removed 5-7 days following
the procedure. As with all cosmetic patients, adequate follow
up is recommended for both patient satisfaction and early
identification of any complications. Systemic antibiotics are
unnecessary.

Complications
Retrobulbar Hemorrhage

Retrobulbar hemorrhage is a very rare but serious com-
plication following this type of procedure. Acute com-
partment syndrome can occur due to bleeding into the
retrobulbar space leading to ischemic injury to the optic
nerve potentially leading to devastating blindness. Strict
hemostasis at the time of surgery is very important in
preventing this complication. Other factors to minimize
bleeding include blood pressure control and discontinu-
ation of antiplatelet/anticoagulant medication that can
predispose to postsurgical bleeding. This complication
is well known to many in maxillofacial surgery, plastic
surgery, otolaryngology, and ophthalmology who man-
age facial trauma, but may be less familiar to others in
the cosmetic field. Retrobulbar hemorrhage is a surgical
emergency that can result in permanent vision loss. The
patient will present with a sudden onset of a severe and
unilateral ocular pain, elevated intraocular pressure, and
vision changes. If a retrobulbar hemorrhage is suspected,
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the surgical incision should be reopened and explored
for bleeding. If a hematoma cannot be identified or con-
trolled, and elevated ocular pressures are persistent, a
lateral canthotomy and cantholysis might be indicated
for orbital decompression in order to prevent the risk of
blindness [11].

Infection

Postsurgical infections in blepharoplasty are exceedingly
rare due to the rich blood supply to the orbit and associated
area (around 0.2-0.4%). Post-operative antibiotics are gener-
ally unnecessary. Some recommend the use of perioperative
antibiotics, however others suggest that this too may also
not be indicated. The most important reduction of postsurgi-
cal infection is a proper sterile procedure. Mild erythema,
swelling, and pain are expected after any surgical procedure.
Preseptal cellulitis, which usually presents with mild pain,
and drainage can usually be managed with oral fluoroqui-
nolones or third-generation cephalosporins. Severe eye pain,
lid erythema, swelling, and decreased visual acuity can be
more suspicious for orbital cellulitis. Orbital cellulitis is
most frequently due to Streptococcus, Staphylococcus, and
atypical Mycobacterium infections. If orbital cellulitis is
suspected, computed tomography is indicated to assess for
postseptal abscess, and possible cavernous sinus thrombosis.
Treatment for orbital cellulitis often requires hospitalization
with broad-spectrum antibiotics and surgical drainage when
indicated [12].

Blepharoptosis

This complication occurs due to injury to the levator muscle
during the procedure. To prevent this, it is recommended to
minimize dissection beyond the preaponeurotic fat compart-
ments. Transient postsurgical ptosis is sometimes observed
due to postoperative edema. If ptosis persists longer than
6 months, suspect levator aponeurosis injury that will require
surgical repair.

Lid Malposition
Lid malposition is a relatively common complication fol-

lowing blepharoplasty. Retraction and ectropion are caused
by excessive skin resection, edema, or scar contraction.

This can lead to eye dryness, conjunctival irritation, and
exposure keratopathy. Entropion is usually caused by pos-
terior lamellar deficiency. Management of lip malposition
is a surgical challenge often requiring a very experienced
oculoplastic surgeon. Excessive skin removal or inappro-
priately placed skin incisions can result in both cosmetic
and functional failures. While it is a balancing act to ensure
proper aesthetic results for the patients in this type of
procedure it is best to stay on the conservative side when
removing the skin. Excessive skin removal can cause lag-
ophthalmos which can result in a range of complications
including stromal scarring and vision loss and, as stated, is
very difficult to correct [13].

Corneal Abrasion

Eyelid surgery poses risk to damage to the underlying cor-
neal epithelium which is usually noted immediately postop-
eratively. Symptoms present as severe pain, tearing, foreign
body sensation, and or photophobia [14].

Conclusion

Blepharoplasty is an excellent surgical procedure to offer
patients seeking facial rejuvenation. The procedure can have
quite an impact in restoring the youthfulness of the face.
Overall, the procedure has minimal downtime and can eas-
ily be performed in the office setting. Successful outcomes
are from proper patient selection and proper management of
patient expectations.
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Introduction

The external ear is a primarily cartilaginous structure that is
unique to mammals and developed to direct sound to the
external auditory canal. From a cosmetic standpoint, the
shape of the ear can be a distinctive part of a person’s visage.
As many as 50% of newborns have an auricular deformity
[1], but over 80% of these cases improve without interven-
tion by the end of the first year [2]. Prominent ears—present
in approximately 5% of the population [1]—are a notable
exception, as they tend to increase in severity over the first
year of life [2].

It is worth noting that deformities confined to the auricle
(i.e., cases without external auditory canal atresia or associ-
ated middle/inner ear deformities) do not have a significant
impact on hearing capacity [3]. Thus, the majority of oto-
plasty cases are strictly cosmetic in nature. The most com-
mon presentation of a patient for cosmetic otoplasty is
prominauris, which will be the focus of this chapter, though
there are a variety of deformities that may warrant surgical
correction, including microtia, cryptotia, and deformities
stemming from oncologic resection. The ear undergoes the
majority of its growth in the first few years of life and by age
5 has reached 90-95% of its adult size [4], making otoplasty
one of the few cosmetic procedures feasible in the early pedi-
atric population.

Even from a young age, the psychosocial impact of ear
deformities can be significant [5]. Studies have shown both
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personal dissatisfaction with appearance as well as teasing
from peers are strong motivators for patients to undergo oto-
plasty. In one series, 90% of children and 70% of adults indi-
cated improved self-confidence after undergoing the
procedure [6], while in a long-term study of children, statisti-
cally significant improvements in anxiety and depression,
social problems, and behavioral problems were seen [7].

The first cosmetic otoplasty was described in 1881,
involving resection of conchal cartilage and skin [8].
Variations of this technique continued until 1910, when
reconstruction of the antihelical fold was attempted [9]. By
the 1940s, surgeons were using additional incisions and exci-
sions of cartilage to produce a more natural result [10], while
also exploring cartilage sparing techniques that favored
shaving over excising tissue. Though many other refinements
have been described since, variations of these techniques
persist to this day.

Embryology

By the end of the second week of development, the embryo
has differentiated into its three primary germ layers—the
ectoderm, mesoderm, and endoderm—through the process
of gastrulation. As the third week begins, the ectoderm gives
rise to neurogenic placodes, including the otic placode.
Together with the first and second pharyngeal arches, which
appear in the fourth week, the otic placode is the precursor
of the ear. The auricle specifically is derived from the auric-
ular hillocks, which develop from the aforementioned pha-
ryngeal arches. In total, there are six hillocks, but controversy
persists as to what happens from this point forward. The
consensus position is that hillocks 1-3 arise from the first
arch and 4-6 from the second arch [11]. Accordingly, the
tragus and the first portion of the helix (including its root)
come from the first pharyngeal arch and the remainder of
the ear comes from the second arch (Fig. 21.1). An alterna-
tive theory supported by studies of development disorders
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Fig. 21.1 The majority of the auricle has its origins traced back to six
auricular hillocks, which are derived from the first and second
pharyngeal arches. Some controversy remains over the exact portions
that arise from each arch

Helix Superoir crus

Scaphoid Triangular fossa

fossa
Inferior crus

Antihelix
Root of helix
Concha
cymba Tragus
Concha cavum Antitragus
Lobule

Fig.21.2 Anatomic structures of the auricle

suggests that the tragus alone traces its origin to the first
arch, while the entire rest of the ear is derived from the sec-
ond pharyngeal arch [12].

Anatomy of the Auricle

As seen in Fig. 21.2, the external ear is composed of many
distinct anatomic elements, each of which contributes to the
normal appearance of the ear. The helix defines the outer
edge of the ear, as it extends from its root above the tragus
and continues around until it meets the lobule at the inferior
portion of the auricle. Running alongside the helix is the
antihelix, which arises from its crura superiorly and termi-
nates at the antitragus. The concha is a bowl-like depression
in the middle of the ear that feeds into the external auditory
meatus. Absence or effacement of the antihelix and conchal
wall hypertrophy are two of the most common causes of
auricular protrusion, and often occur to varying degrees in
combination.

A nonanatomic breakdown of the ear into upper, middle,
and lower thirds is sometimes favored for the purposes of
surgical planning. Rather than strictly defined portions of
the ear, these thirds reflect the type of deformity causing
prominence. The upper third of the ear roughly extends
from the superior aspect of the helix to the point at which
the crura of the antihelix meet. Excessive projection of the
upper third is typically caused by an inadequately defined
antihelix and can be corrected by Mustardé sutures. The
middle third spans the concha, and prominence of this
region is accordingly due to hypertrophy of the conchal
wall. This can be addressed using Furnas sutures for conchal
setback with or without cartilage cutting. The lower third of
the auricle is the lobule itself, which can be variable in
length and degree of projection. Lobule excess typically
requires removing a wedge of skin anteriorly and
posteriorly.

The external ear is mostly composed of cartilage and over-
lying skin, but there are also thin layers of subcutaneous tissue
and muscle. Though the intrinsic muscles of the ear are vesti-
gial in nature, the extrinsic muscles serve to hold the ear in its
anatomic position, albeit without voluntary action in most
cases. The three extrinsic muscles are the auricularis anterior,
auricularis superior, and the auricularis posterior. As their
names might suggest, these muscles serve to pull the auricle
forward, upward, and backward. The auricularis superior is
the largest of the three and may be encountered just deep to a
subcutaneous advancement flap made for correction of
cryptotia.

The blood supply to the auricle arises from branches of
the external carotid artery. Superiorly, the ear is fed by the
superficial temporal artery, while the inferior and posterior
components are supplied by the posterior auricular artery
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Fig. 21.3 The auricle is
supplied by branches of the
external carotid, namely the
superficial temporal and
posterior auricular arteries

Superficial temporal

Posterior auricular

Fig.21.4 Sensory
innervation to the external ear
is provided primarily by the
great auricular nerve (blue),
with additional innervation
from the auriculotemporal
nerve (green), lesser occipital
nerve (purple), and Arnold’s
nerve (yellow)

(Fig. 21.3). Smaller direct branches from the external carotid
are also present. The superficial temporal artery gives rise to
the anterior auricular branches at the level of the tragus. In
just over 20% of cases, these branches instead originate from
the parietal branch of the superficial temporal artery [13].
The posterior auricular artery arises deep to the parotid
before traveling posteriorly deep to the auricularis posterior
muscle and giving off small branches to the ear. Its course
brings it in close proximity to the facial nerve near the stylo-

Superficial temporal

Internal maxillary

Internal maxillary

Posterior auricular

External carotid

External carotid

mastoid foramen. A flap supplied by the posterior auricular
artery can be fashioned and used for ear reconstruction,
among other facial procedures [14].

Sensory innervation to the external ear (Fig. 21.4) comes pri-
marily from the great auricular nerve with additional innerva-
tion from the auriculotemporal nerve, the lesser occipital nerve,
and the auricular branch of the vagus nerve (Arnold’s nerve).
Innervation follows embryology, with the tragus, the root of the
helix, and a portion of the helix itself derived from the first bran-
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chial arch and the remainder of the auricle originating from the
second branchial arch. The portions derived from the first bran-
chial arch are supplied by the auriculotemporal nerve, while the
great auricular nerve and lesser occipital nerve respectively
cover the remainder of the anterior and posterior ear.

Aesthetic Considerations

When evaluating a patient for cosmetic otoplasty, an evalua-
tion of the patient’s ear as compared to normal anatomy is
critical. There are a number of characteristics that define nor-
mal or ideal anatomy (Table 21.1). The aesthetic ear is
between 5.5 and 7 cm in length, with the superior aspect
aligned with the lateral eyebrow and inferior portion of the
lobule level with the subnasale when viewed in profile
(Fig. 21.5). The width of the ear, as measured from the origin

Table 21.1 Characteristics of the aesthetic ear

Height between 5.5 cm and 7 cm
Long axis tilted posteriorly by 15-20°
Ear width 50-60% of height
Auriculocephalic angle of 30°

Superior aspect level with the lateral eyebrow and inferior aspect
level with the subnasale

Conchomastoid and conchoscaphalic angles approximately 90°

Helix protrudes between 2 mm and 5 mm further away from the
scalp than the antihelix

Helix-to-mastoid distance of 10-12 mm in the upper third,
16—-18 mm in the middle third, and 20-22 mm in the lower third

Contour of helical rim is straight when viewed posteriorly

Fig. 21.5 On side view, the superiormost aspect of the auricle aligns
roughly with the lateral eyebrow while the inferiormost aspect aligns
with the subnasale

Fig. 21.6 The golden spiral, when mapped over the auricle, closely
follows the contour of the helix

of the tragus to the widest portion of the helix, is approxi-
mately 55% of the height. The golden ratio (¢ ~ 1.618) is a
naturally occurring ratio that is often perceived as aestheti-
cally pleasing, and presents itself in many areas of the face.
The golden spiral maps fairly well over the helix of the ear
(Fig. 21.6), but can overestimate width somewhat.

Other notable characteristics of the ear include a 15-20° pos-
terior tilt along the long axis and an auriculocephalic angle
around 30°. The auriculocephalic angle is formed by the antero-
lateral portion of the helix and the scalp, and is partially deter-
mined by variations in the conchomastoid and conchoscaphalic
angles, which are typically both around 90° (Fig. 21.7).

As a paired structure, symmetry in the ear is important, but
unlike most other symmetrical portions of the human body,
much of the ear can only be viewed one side at a time. As such,
emphasis should be placed primarily on maintaining evenness
on frontal view. It is important to recognize that interaural vari-
ance is seen in the normal population [15], and a difference in
projection of less than 3 mm can usually be tolerated.

Nonsurgical Otoplasty Techniques

In the early neonatal period, the cartilage of the ear is par-
ticularly malleable due to higher levels of circulating estro-
gen [16]. As previously mentioned, ear deformities are seen
frequently in this population, but infrequently require
intervention. A subset of these deformities may respond to
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Fig. 21.7 The conchomastoid (red) and conchoscaphoid (blue) angles
of the ear are each approximately 90°

nonoperative molding techniques if applied within the first
few days of life. A number of studies [17-19] have explored
various splinting and molding techniques, the mainstays of
which involve fixing the auricle in place against the scalp and
using wires/tubing in the scapha or a commercially available
system [20] to improve contour for several weeks. Best
results were seen in patients with earlier interventions by day
3 of life.

Surgical Otoplasty Techniques

The ear grows quickly in early development, reaching 85%
of adult size by age 3 [21], full adult width at age 6 (girls) or
7 (boys), and full adult length by age 12 (girls) or 13 (boys),
with limited variability across ethnicities [22-24]. Surgical
correction can therefore be performed early in life without
significant risk of constricted growth from scarring or altered
morphology from continued growth. Many surgeons con-
sider age 5—7 appropriate timing for otoplasty so as to also
minimize the social impact on young patients as they begin
to enter schooling and form long-term memories. For patients
with mild deformities, it may be more appropriate to encour-
age patience until the child is old enough to participate in
decision-making.

The goals of otoplasty were laid out by McDowell in
1968 [25], and are unsurprisingly reflected in what are now

considered to be the characteristics of the aesthetic ear.
Additional technical considerations not already mentioned
include correcting all upper third protrusion (though some
protrusion in the middle and lower third may be tolerated)
and ensuring that the post-auricular sulcus not be markedly
distorted or obliterated.

In patients of adolescent age and older, cosmetic otoplasty
can be performed under local anesthesia, though general
anesthesia is more commonplace. In younger patients unable
to cooperate well with positioning, general anesthesia is
essentially imperative. Local anesthetic administered ante-
rior to the tragus, posterior to the concha, and inferior to the
base of the ear should provide an adequate block of the auric-
ulotemporal, posterior occipital, and great auricular nerves,
respectively. Practically, a “r4ing block™ around the base of
the ear may help ensure complete coverage [26]. Additional
anesthetic can be administered at the surgical area of interest,
which can also aid in dissecting planes.

Surgical otoplasty falls into two major categories:
cartilage-cutting and cartilage-sparing. Historically, all oto-
plasty involved cartilage cutting, but over time cartilage-
sparing techniques have gained favor as a first-line approach.
Minimally invasive otoplasty involving no skin incisions or
utilizing endoscopy has also been described, but is outside
the scope of this chapter.

Cartilage-Sparing Techniques

Mustardé first described [27] the use of mattress sutures
alone to recreate the antihelical fold—without the need for
cartilage incision or excision—in 1968. Since then, Mustardé
sutures have become a mainstay of antihelix reconstruction.
Nonabsorbable suture is used, and bites are spaced out
approximately 10 mm vertically and 15 mm horizontally,
with the degree of antihelical projection determined by how
tightly these sutures are tied. As no cartilage is cut, the resul-
tant contour remains smooth.

The Furnas technique [28] for conchomastoid setback
addresses conchal excess without excising cartilage.
Permanent sutures are placed full-thickness through the con-
chal cartilage and mastoid fascia, pinning the ear back
against the scalp. Care should be taken not to advance ante-
riorly on the mastoid bites, as this may have the unintended
consequence of narrowing the external auditory canal
(Fig. 21.8).

Cartilage-Cutting Techniques

A variety of cartilage-cutting techniques have been described
that involve incising, scoring, abrading, or excising auricular
cartilage. These can be applied to prominence in the upper
and middle thirds of the ear. While these techniques tend to
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Fig. 21.8 Mustardé sutures (left) span the antihelix, causing the cartilage to fold on itself and recreating the antihelical fold. The conchomastoid
setback as described by Furnas (right) involves full-thickness sutures through the cartilage, addressing conchal excess without excision

fare better at creating a significant correction, one of the
main drawbacks is an unnatural result. Luckett [9] was the
first to describe antihelical reconstruction in 1910 by excis-
ing a crescent of cartilage via a posterior incision and reap-
proximating the edges. This cut cartilage had a tendency to
produce an abrupt edge rather than a smoother curve when
bent, leading to the Converse technique, which involves
incising the cartilage on either side of the antihelix without
actually excising any tissue [29]. The strip of cartilage
between the incisions is instead pushed anteriorly as the cut
edges are approximated, and is sometimes filed down to cre-
ate a more rounded appearance of the antihelix.

One approach for addressing conchal excess is the Davis
procedure [30], which involves excision of excess cartilage
in the floor of the concha. The typical excision is 8—10 mm
of depth, however each patient should be individually evalu-
ated for the amount of necessary correction. The soft tissue
in the postauricular area is also removed, including the pos-
terior auricular muscle. The dermal surface of the conchal
bowl is thus laid against the mastoid fascia, and secured
either with direct sutures or a bolster (Fig. 21.9).

Rather than perform a full excision of cartilage, the sur-
face can be scored and made to bend away from the injury.
This property of cartilage was discovered by Gibson and
Davis [31] and utilized in the Chongchet [32] and Stenstroem

[33] techniques, which involve scoring the antihelix with a
scalpel or blindly using a rasp.

Combining Techniques

In order to fine-tune a procedure and tailor it to a patient’s
needs, merging the above techniques may prove useful. For
example, though the original Mustardé technique was com-
pletely cartilage-sparing, many surgeons now incorporate
scoring or incising within the fold to weaken the cartilage
and prevent recurrence. Similarly, to facilitate a Furnas con-
chomastoid setback and mitigate the risk of auditory canal
narrowing, a shave excision of the anterior conchal cartilage
can be performed [4]. Additionally, a majority of patients
will have both an underdeveloped antihelix and hypertrophic
concha, thus necessitating a combined approach.

Correcting the Prominent Lobule

Following correction of upper- and middle-third deformities,
consideration must be given to the lobule to ensure it is not
abnormally projected relative to the rest of the ear. As the
lobule contains no cartilage and is comprised of only skin
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Fig.21.9 The Davis
otoplasty addresses conchal
excess by excising a kidney
bean-shaped piece of cartilage
from the conchal bowl.
Tattooing from the anterior
side, as seen at left, can help
with identifying the margins
of resection posteriorly

and subcutaneous tissue, extending the initial surgical inci-
sion to include a modified fishtail inferiorly can bring the
lobule back into alignment [34].

Complications

Overall, otoplasty is met with good outcomes, and in the set-
ting of appropriate preoperative counseling and expectation
management, the majority of patients are satisfied with their
results [35]. Complications can occur, however. Hematoma
is an early complication with reported incidence from 2% to
3.5% [36]. Patients present in the first 24 hours with unilat-
eral pain and a tense, bluish swelling. Treatment requires clot
evacuation, compression, and antibiotics. A delay in diagno-
sis can lead to necrosis of the overlying skin or cartilage.
Wound infections are another early complication that develop
in less than 5% of cases [4]. Presentations involve erythema,
swelling, pain, and/or drainage. Washout, followed by anti-
biotics, is sufficient to manage most cases. The surgeon must
remain vigilant for chondritis, however, as this requires sur-
gical debridement [37]. Late complications can include
suture extrusion, scarring/keloid formation, loss of correc-
tion, and other aesthetic complications.

189

Aesthetic Complications

There are a few patterns of postsurgical deformity that are
worth noting. The telephone-ear deformity is characterized
by excessive projection of the upper and lower thirds of the
ear relative to the middle. This may be due to excessive con-
chal setback or an undercorrected upper and lower third.
Treatment involves either redoing the patient’s Mustardé
sutures to more aggressively recreate the antihelix or relax-
ing the conchal setback. If appropriate, the lobule can be
addressed concurrently. The reverse telephone-ear deformity
involves relative prominence of the middle third of the ear, as
the name might suggest. Typically, correction involves redo-
ing the conchomastoid sutures.

The vertical post deformity is caused by vertically ori-
ented—rather than oblique—Mustardé sutures, resulting
in the superior crus of the antihelix oriented vertically
rather than roughly concentrically with the helix.
Addressing this would require replacing the incorrectly
oriented sutures.

Often, the surgeon is more critical of postoperative aes-
thetic imperfections than the patient [38]. Therefore, a frank
discussion to assess the patient’s satisfaction with the proce-
dure should precede any discussion of revisional surgery.
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Introduction

Overall facial symmetry is associated with perceived attrac-
tiveness and beauty [1]. Proper facial proportions play a cru-
cial role in subjective attractiveness. Genioplasty comes
from the word genion, the apex of the mental spine of the
mandible and the Greek word plastés meaning molded,
formed, or shaped. Genioplasty is often used in combination
with other esthetic procedures such as rhinoplasty, orthogna-
thic surgery, or rhytidectomy. The chin is the inferior point of
the face and its position and morphology are essential com-
ponents of facial harmony, and a prominent feature when
discussing attractiveness. As an example, a broad male chin
has been found to be associated with perceived desirability
and dominance [2]. Vertical deficiency, or an excess of the
chin, results in an imbalanced facial third, while horizontal
deficiency or excess results in a poor facial profile. There is
also some evidence to support osseous genioplasty as a way
of treating obstructive sleep apnea, as it can reposition the
genioglossus and potentially increase the airway space. The
major treatment options for genioplasty include osseous
genioplasty, alloplastic chin augmentation, and augmenta-
tion using soft-tissue fillers.
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Anatomy

The soft tissue borders of the chin are the labial mental fold
superiorly, the oral commissures laterally, and the submental
crease inferiorly. The bony portions of the chin include the
mandibular symphyseal and parasymphyseal region inferior
to the root apices. On the anterior surface of the symphysis
are the depressor angularis, depressor labii inferioris, and
mentalis muscles. The geniohyoid and genioglossus muscles
attach to the lingual surface at the genial tubercle. The ante-
rior bellies of the digastric muscles attach to the inferior bor-
der in the posterior aspect of the symphysis bilaterally.

There are many muscles of facial expression in this
region. The risorius muscle arises from the lateral cheek and
pulls the commissure laterally. The orbicularis oris muscle is
the sphincteric muscle of the mouth. The depressor anguli
oris arises laterally and inserts into the modiolus along with
the orbicularis oris, risorius, and the levator anguli oris. The
depressor anguli oris serves to depress the commissure and is
the melomental folds or “marionette lines.” The depressor
labii inferioris is medial to the depressor anguli oris and acts
to depress and evert the lower lip. The mentalis muscle is a
paired midline muscle deep to the other depressors and acts
to elevate and protrude the lower lip. The platysma originates
in the neck as a paired muscle that crosses the mandibular
border and inserts into the dermis and subcutaneous tissues
of the lower lip and chin.

The mental nerve is responsible for the sensory innerva-
tion to the skin overlying the chin, the lower lip, and the ves-
tibular oral mucosa. The mental nerve is the terminal branch
of the inferior alveolar nerve, as it exits the mental foramen
usually between the first and second premolar, and the men-
tal foramen is generally found about 13 mm above the infe-
rior border [3, 4]. As the nerve exits the foramen, it turns
superiorly and anterior and sometimes loops back posteri-
orly. The marginal mandibular branch and cervical branch of
the facial nerve are responsible for the motor innervations of
the muscles in the soft tissue of the chin.

191

E. M. Ferneini et al. (eds.), Applied Head and Neck Anatomy for the Facial Cosmetic Surgeon,

https://doi.org/10.1007/978-3-030-57931-9_22


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-57931-9_22&domain=pdf
https://doi.org/10.1007/978-3-030-57931-9_22#DOI
mailto:sh3808@cumc.columbia.edu
mailto:ak2045@cumc.columbia.edu

192

S.Halepas et al.

There is a rich vascular supply to the face and the region
of the chin. There are two major arteries to this area. The
inferior alveolar artery which is a branch of the maxillary
artery and the facial artery which is a branch of the external
carotid artery. The inferior alveolar artery becomes the men-
tal branch, as it exits with the nerve in the mental foramen.
The mental branch then anastomoses with the submental and
inferior labial arteries of the facial artery [5, 6].

Preoperative Assessment

The chin is the inferior point of the face and is directly
involved in providing appropriate facial symmetry; there-
fore, it is necessary to evaluate the chin in three dimensions
to properly plan a genioplasty treatment. The chin and infe-
rior border should be distinct and well demarcated from that
of the neck. The chin width should be in harmony with the
bizygomatic and bigonial facial widths.

As stated earlier, the vertical dimension of the face is very
important for proper facial congruence. The hairline to the
glabella should account for the superior third. The glabella to
the subnasale should account for the middle third while sub-
nasale to the menton should account for the lower third. The
lower third can then be subdivided by the lips. The upper lip
length should be about one-third, while the lower lip length
should be about two-thirds.

When evaluating the sagittal plane, it is often necessary to
incorporate both radiographic imaging and clinical evalua-
tion of the facial profile. A lateral cephalometric radiograph
can be useful in judging both the skeletal bony positioning as
well as the overlying soft tissue. The Holdaway is used to
compare the prominence of the lower incisors with that of
the bony chin. Its principle states that the distance from the
labial surface of the mandibular incisors to the N-B line
(Nasion to B point Supramentale) and distance from the
pogonion to the N-B line should be equal. It is useful in iden-
tifying the location of the chin prominence [7].

Anesthesia

Genioplasty is often done in conjunction with orthognathic
surgery or as part of other cosmetic procedures such as rhi-
noplasty or rhytidectomy [8]. In these circumstances, the
patient is often under general anesthesia in an operating
room setting. However, both osseous augmentation and allo-
plastic augmentation can be performed under local anesthe-
sia with or without conscious sedation. Use of local
anesthesia with a vasoconstrictor is recommended for anes-
thesia and hemostasis and to aid in postoperative pain con-
trol. Augmentation with soft tissue fillers can often be
accomplished with just topical local anesthetics.

Osseous Augmentation

The intraoral sliding osseous genioplasty was first described
by Trauner and Obwegeser in 1957 and then again by
Converse and Wood-Smith in 1964 [9, 10]. Originally, the
osteotomies were stabilized with wires, but with the develop-
ment of fixation screws/plates, the stability and predictability
of the osseous genioplasty increased. Osseous genioplasty is
an excellent surgical option, as it is stable in long term and
can provide very pleasing aesthetic results [11].

After local anesthesia is achieved, the patient can be
placed in maxillomandibular fixation with arch bars or max-
illomandibular fixation screws. The lip is extended outward
and the operator’s fingers are placed on the cutaneous tis-
sues. This allows the surgeon to feel the bony chin and pre-
vent cutaneous perforation. A #15 blade or electrocautery is
used to make an incision from canine to canine about half-
way between the depth of the facial vestibule and the wet dry
line or about 3—10 mm below the mucogingival junction.
After the incision is made through the oral mucosa, it is
important to incise the mentalis muscle at an oblique angle
ensuring that a portion of the muscle is still attached to the
periosteum to allow for proper closure. A #9 periosteal eleva-
tor can then be used to reflect the periosteum and dissect the
symphysis to the inferior border of the mandible (See
Fig. 22.2a). Using the #9 periosteal elevator, the mucosa and
muscle superior to the incision that is just under the muco-
gingival junction (“the cuff”) can be release to allow an eas-
ier closure. It is important to refrain from excessive dissection
along the inferior border to maintain as much vascular sup-
ply to the osteotomy site. A well-vascularized pedicle is
essential to prevent bony resorption and proper post-surgical
healing. The surgeon must also be mindful of the mental
nerve exiting the mental foramen on either side, typically at
or around the first premolar. The mental nerve is at risk if the
incision is extended too laterally, or during dissection along
the inferior border. Reviewing imaging for mental nerve
position can help reduce the risk of nerve injury. With these
aids, the mental nerves should be identified to prevent injury
[12].

Often, the chin position has been predicted using virtual
surgical planning (see Fig. 22.1). When this technology is
utilized, a genioplasty guide can be fabricated (see Fig. 22.2b)
[13]. If virtual surgical planning with surgical guide fabrica-
tion was not utilized, a fissure bur can be used to mark the
midline. The midline mark will allow the surgeon to achieve
symmetry upon plating of the genioplasty. A pencil or mark-
ing pen can be used to draw the horizontal osteotomy. The
osteotomy should be at least 5 mm below the root apices of
the mandibular canines and 5-6 mm below the mental fora-
men if the nerve loops anteriorly or inferiorly to the foramen.
In ideal circumstances, the osteotomy should be at least
12 mm from the inferior border, but this may not be possible
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075 mm

Fig. 22.1 Virtual Surgical planning of a bilateral sagittal split osteot-
omy and genioplasty

depending the chin morphology, root apices, and mental
foramen position.

A small down-turn Obwegeser retractor can be placed in
the flap to protect the surrounding soft tissue [14]. The sur-
geon’s non-dominant hand is placed in the submental region.
A fissure bur or the reciprocating saw blade can be used to
groove the osteotomy at the marked site. The notching can
help the surgeon stay on the intended trajectory. The recipro-
cating saw is then placed at the intended osteotomy site and
positioned at the inferior border as if it were extending pos-
teriorly to the mandibular molar apices. This positioning pre-
vents notching in the inferior border. The osteotomy is
initiated posteriorly through both cortices of the inferior bor-
der, but as the saw is moved medially, the blade should be
uprighted to a 90-degree angle at the midline. The surgeon’s
non-dominant hand should be able to palpate only the tip of
the saw extraorally. The same osteotomy is then carried out
on the contralateral side connecting at the midline. If the
osteotomy is successfully completed, both cortices will have
been cut and this will allow easy mobility of the bony seg-
ment. Ensuring that only the tip of the blade is beyond the
cortex prevents excessive damage to the underlying muscu-
lature (See Fig. 22.2c).

With an advancement in sliding osteotomy, the bony seg-
ment can be advanced directly forward and good bone-to-
bone contact can be achieved. If more complex movements

are planned, a surgical positioning guide will be pinned to
the free bony segment (see Fig. 22.2d). Fixation plates can
then be used to stabilize the free bony segment to the rest of
the mandible and one can utilize 2.0 mm bicortical screws.
The H-shaped plate is habitually employed at the midline for
proper fixation and allow for visibility of the midline mark.
Often, surgical positioning guide designs can prevent proper
use of these H-plates, so utilization of other plates such as
straight, T or L plates can be used with at least two holes on
each side of the osteotomy (see Fig. 22.2e).

With the increased use of virtual surgical planning and
technology, custom plates can be generated for more com-
plex movements. If excessive gaps are noted, autogenous or
allogeneic bone can be used. TruForm™ DBM putty by
Stryker works well for these osseous gaps. If the chin is
being moved inferiorly to increase vertical dimension, down
grafting may be needed and larger gaps can be filled with a
block graft. If the chin length is being reduced in a vertical
dimension, two osteotomies must be completed. The second
osteotomy is created superiorly on the mandible parallel to
the original osteotomy but to the level of the desired bony
reduction. This segment of bone can be removed, so the
genial segment can be fixated to the mandible.

The surgical site should be copiously irrigated, and
hemostasis should be achieved. The mentalis muscle is
then resuspended using 3-O Polysorb sutures with either
multiple single interrupted or horizontal mattress sutures.
Failure to properly reapproximate the mentalis can result
in chin ptosis and inadequate cosmetic outcomes. The
mucosa is then closed with 3-O or 4-O chromic gut sutures
often with a continuous running design. A surface pressure
dressing is utilized to prevent edema and hematoma for-
mation. The authors utilize 1/2 half inch Pink Hy-Tape
placed where one piece is placed as an “A” and then one
piece of tape overlapping as a “U”. The pressure dressing
is left in place for 48 hours [15, 16]. Postoperative films
such as a panoramic radiograph can be helpful in evaluat-
ing the outcome (see Fig. 22.3).

Complications of osseous genioplasty often involve mild
oozing, swelling, and infection or hematoma formation. If a
large hematoma is noted in the floor of the mouth, it should
be quickly addressed and drained to prevent airway embar-
rassment. The source of the bleeding must be identified and
controlled. If needed, a drain can be placed and close moni-
toring is warranted. Bleeding can occur from the soft tissue/
muscle, sinusoid and cancellous marrow, or from the lingual
arteries or deep lingual veins. Floor-of-mouth hematomas
are often small and self-limiting. For large expanding floor-
of-the-mouth hematomas, the patient’s airway must be
secured via endotracheal intubation. An unfortunate adverse
event is notching at the inferior border due to foreshortening
of the osteotomy posteriorly leaving a greater defect in the
inferior border. Due to the anatomical positioning risk to the
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Fig.22.2 Intraoral incision with exposure of anterior mandible (a), placement of cutting guide (b), completion of osteotomy with sagittal saw (c),
placement of positioning guide (d), final position with bone screws and plates (e)
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Fig. 22.3 Pre-op panoramic
radiograph (top) and post-op
radiograph following Lefort
1, IVRO and genioplasty
(bottom)

mental nerve, altered levels of sensation are other potential
complications [17].

Alloplastic Augmentation

Alloplastic implants have increased in popularity in the
last decade. Several biomaterials exist such as silicone,
porous  polyethylene, polytetrafluoroethylene, and
hydroxyapatite. Currently, porous polyethylene marketed
by the name of Medpor is one of the most popular bioma-
terials for facial implants. Alloplastic implants are limited
to the correction of vertical or transverse deficiencies.
These implants are advantageous because of the ease of
placement, decreased surgical time, and their structural
stability that allow for excellent facial fullness.
Disadvantages occur because of sizing, as the implants
generally come as only small, medium, or large. As with
any implant, the risk of infection is more worrisome,
given that the implants generally need to be removed if an
infection develops. The risk of infection in the literature
appears to be similar to that of osseous genioplasty.
Medpor implants have larger pores in the range of 100—

300 pm, which allow for macrophage infiltration and may
aid in a decreased infection rate [18].

If alloplastic implants are completed with rhytidectomy
or submental liposuction, an extraoral incision is ideal
because it minimizes the risk of infection [19]. The midline
of the chin should be marked for correct implant positioning.
If an extraoral approach is being utilized without conjunction
of other neck cosmetic procedures, a 2 cm incision is marked
a few millimeters posterior to the submental crease. Local
anesthesia is given at the incision site. A #15 blade is then
utilized to make an incision through the skin and subcutane-
ous tissues. Electrocautery aids in maintaining local hemo-
stasis as well as when incising the periosteum along the
inferior border of the symphysis region just anterior to the
insertion of the platysma. A #9 periosteal elevator is then
used to gain subperiosteal access and reflect tissues along the
facial aspect of the symphysis, while always being mindful
of the mental nerves in both lateral directions. The dissection
needs to be extended enough to allow passive seating of the
alloplastic implant. Many brands come with sizers that can
be placed to determine which size is most appropriate for the
desired cosmetic result. The sizers and the alloplastic implant
themselves can be reshaped using scissors to allow a more
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pleasing result [20]. Once the appropriate implant has been
selected and shaped, it is fixated to the mandible using two or
three monocortical screws. Some providers prefer to soak the
implant in an antibiotic solution prior to implant placement.
Copious irrigation with normal saline or an antibiotic solu-
tion should be performed at the surgical site. The periosteum
is repositioned with 3-O Polysorb, and a second 3-O Polysorb
is then used for deep dermal suturing. A running subcutane-
ous suture can be utilized with 5-O BioSyn. Dermabond and
or Steri-strips can be placed across the incision site. A pres-
sure dressing utilizing tape in the shape of an “A” and over-
lapping “U” should be placed as described in the osseous
augmentation section.

If an intraoral incision was preformed, the dissection is
like that described in the osseous genioplasty. A large enough
pocket should be created to allow passive seating of the allo-
plastic implant and closure should be completed as described
in the intraoral osseous genioplasty [21].

Complications with alloplastic implants in the chin area
can include ptosis or distortion of the soft tissue. There can
also be resorption of the underlying bone over time [22].
There are different classifications for bone resorption under
chin implants and there is believed to be an association with
the implant size and future bone resorption likely due to the
soft tissue stretch. The Robinson classification system is
divided into three classes. Class I is any resorption up to a
third of the added implant dimension or approximately
3 mm. Class II is resorption between a third and a half of the
added implant dimension, or approximately 3—5 mm. Class
IIT is more than 50% of the implant dimension or 5 mm [23].
It is believed that with the more diffuse pressure distribution
of the extended chin implant design, the bony resorption is
less prevalent [24]. Implants have a unique problem com-
pared to that of osseous genioplasty, in that there is risk of
implant mobility or migration [25]. Reports have stated
infection rates of 5—7% for chin implants [26]. Although the
risk of infection is not necessarily greater, it is more worri-
some because treatment generally involves removal of the
prosthesis.

Soft Tissue Filler Augmentation

Chin augmentation with facial fillers is a minimally invasive
alternative to osseous or alloplastic genioplasty. For chin
augmentation with soft tissue fillers, the provider can use
Calcium Hydroxyapatite (CaHA, Radiesse®), Poly-L-Lactic
Acid (PLLA, Sculptra®), or Hyaluronic Acid (HA,
JUVEDERM?®). The injection sites on the skin should be
marked first if the provider is to use local anesthetic, as the

infiltration can cause distortion of the soft tissues. The men-
tal foramen must be identified and injections of filler should
be at least 1 cm away [27] to avoid nerve damage and poten-
tial vascular compression. When using local anesthesia with
facial fillers, the authors recommend to avoid the use of
vasoconstrictive agents that can mask early signs of avascu-
lar necrosis [28]. The provider should use at least a 25-gauge
needle to ensure ability to properly aspirate. Whenever pos-
sible, a microcannula should be used to prevent excessive
bruising and limit potential intravascular injections. Although
a rare complication, vascular compromise can be quite dev-
astating. Due to the increased amount of facial filler likely
required in chin augmentation, it is vital that the practitioner
remains mindful of the anatomy and corresponding vascular
supply [29]. A case report of vascular compromise to the
tongue has been reported in the literature after chin augmen-
tation with HA [30]. Slow injection speeds with small
boluses can decrease postoperative pain and swelling [31—
33]. Injecting slowly allows for the soft tissue to stretch and
can prevent local tissue damage that results in excessive
edema. Small bolus size allows for more homogenous spread
of the dermal filler and again allows time for the local tissue
to stretch. Small amounts also limit the potential for vascular
compression.

The injections should begin in the prejowl sulcus and
should extend medially to the mentalis muscle. It is impor-
tant to do serial puncture injections with small filler deposits.
The filler should be placed in the deep submuscular layer
using a retrograde filling technique, depositing as the needle
is withdrawn. Using small deposits and constant massaging
of the area, the provider should be able to facilitate proper
distribution and prevent nodular formation.

Calcium hydroxyapatite is an excellent agent to increase
the volume of the jawline or augmentation of the prejowl
sulcus. In the chin, it is best to use linear threading/cross-
hatching technique. Poly-L-Lactic Acid (PLLA) is a bio-
degradable synthetic polymer that stimulates collagen
production and is the principal component in Sculptra®.
PLLA can provide long-lasting effects with the duration of
Sculptra® reported up to 3 years. PLLA is also a great
option for increased jawline definition or correction of
dimples.

The technique is slightly different if HA is the filler cho-
sen. It is best to use a layering technique just above the peri-
osteum if the goal is correction of volume loss. If the aim is
to correct wrinkles, it should be delivered subcutaneously
[27, 34]. Soft tissue projection advances of 3 mm using HA
in for genioplasty have been described in the literature [35].

Augmentation with soft tissue fillers can often be done in
conjunction with submental liposuction to provider a more
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defined jawline. An alternative is the use of deoxycholic acid
(Kybella®) to decrease submental fat with a noninvasive
approach. Kybella is injected supraplatysmally and aids in
the breakdown of fat. Treatment with Kybella injections is
typically done at least one month apart, and it usually
requires 3—4 treatments to see adequate results [36].

Postoperative Management

Antibiotic prophylaxis may be warranted if bone grafting or
alloplastic implants were placed. Typically, with intraoral
osseous genioplasty and soft tissue filler augmentation, post-
operative antibiotics are not necessary. A single periopera-
tive dose of cefazolin or ampicillin is given for osseous
genioplasty. Generally, with osseous and alloplastic augmen-
tation, a course of steroids, either dexamethasone, if the
patient is admitted, or a Medrol Dose Pak, if in the outpatient
setting is prescribed to decrease postoperative swelling.
Postoperative pain medication is generally necessary, and
the utilization of scheduled NSAIDs and acetaminophen will

minimize the need for narcotics while maintaining adequate
pain control [37]. Continued follow-up with the patient is
routine.

Conclusion

Genioplasty is a safe and effective way to correct facial
profile and change the lower third of the face. A genioplasty
can substantially improve a patient’s overall esthetics and
confidence (Fig. 22.4). Genioplasty can be performed
through traditional osseous augmentation, alloplastic aug-
mentation, or using soft tissue fillers. Osseous augmenta-
tion is the most utilized likely due to its use in combination
with orthognathic surgery. Alloplastic augmentation is a
smaller surgery with decreased recovery time that can pro-
vide exceptional results. Soft tissue filler augmentation,
although temporary, can be a minimally invasive and
reversible alternative that patients may prefer. With all
three methods, knowledge of facial anatomy is the key
behind successful cosmetic results.

Fig.22.4 Pre- and postoperative clinical photos of an 18-year-old female following a Lefort 1, inverted “L” osteotomy and genioplasty. Take note
of the dramatic enhancement of facial harmony utilizing a mandibular and genio advancement
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Introduction

The most common reason a patient seeks rejuvenation of the
face is the undesirable cosmetic appearance of the neck/jaw-
line region. The objective and subjective concerns and find-
ings upon examination indicate the anatomical causes that
are underlying the concerns. Fundamental to proper exami-
nation, diagnosis, treatment planning, and performance of
any surgical intervention is knowledge of the regional anat-
omy. As cosmetic surgeons of the maxillofacial region, a
patient-centered focus of maximizing safety and providing
ideal patient satisfaction begins and ends with anatomical
awareness.

Anatomical Considerations

Although arbitrary, we choose to define the anatomical
region of the neck with its superior boundary as 1.0 cm above
the inferior border of the mandible. The inferior border is
demarcated by the clavicles and sternum. The neck region
has been further defined into anterior and posterior compart-
ments separated by the sternocleidomastoid muscle. The
anterior compartment is bordered by the mandible superi-
orly, the SCM muscle posteriorly, and the midline anteriorly
(Fig. 23.1). The hyoid bone divides the anterior compartment
of the neck into the suprahyoid and infrahyoid spaces. The
suprahyoid neck is divided into the submental and subman-
dibular spaces by the anterior belly of the digastric muscle
and the superior belly of the omohyoid muscle. These mus-
cle groups are defined by anterior and posterior triangles
(Fig. 23.2). The innervation and venous supply to the region
is remarkable, consistent, and provides predictable knowl-
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edge for dissection with minimal aberrancy (Fig. 23.3). The
posterior compartment of the neck is divided by the inferior
belly of the omohyoid muscle (Fig. 23.4) [1].

The ideal cervicomental angle has been reported to be
105-120° [5]. The visualized cervicomental angle is estab-
lished by the underlying anatomical structures. In patients
with an obtuse chin-throat angle (cervicomental angle), the
physical examination will often reveal the origin of the
undesirable neck contour and aid in proper surgical treat-
ment planning. During consultation, careful attention dur-
ing conversation and gesture may reveal adipose location
and depth, submandibular ptosis and prominence, digastric
triangle visibility, hyoid position, and base of tongue mobil-
ity on swallowing and speech. The Dedo Classification sys-
tem lends objective data to a subjective problem and could
be used to stratify patients along a continuum of procedure
offerings [6].

The neck region consists of anatomical layers and pre-
dictable structures with infrequent aberrancies. The skin
layer is of various thicknesses. Variable thickness may be
attributable to genetic variation, gender differences, hor-
monal influence, hair bearing follicular density, adnexal
structure density, influence of medications, and cosmeceuti-
cals the patient may be using or have used. Generally, the
skin of the submental region is 1.6-5.0 mm [7, 8] in thick-
ness and has a robust collateral random pattern of arterial
inflow and venous plexus for pressure-dependent outflow. As
a result, the skin of the neck is highly forgiving of traumatic
injury and recovers rapidly from elective surgical
intervention.

Treatment Considerations

Planning of surgical exposure of the neck region should
involve knowledge of the Relaxed Skin Tension Lines
(RSTL) of the region [9]. Planned incisional access should
be made either in these lines or parallel to these lines in order
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Fig. 23.1 Esthetic units of
the neck [1] (Thieme
publishing, 2006)
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to minimize tension and to aid in visual camouflage of the
final scar. In the region of the neck, the most common choice
for access to the underlying structures of the neck is either
submental or postauricular. Direct access is reasonable in
some cases along lines of previous incision or traumatic
scars when present. The post-surgical incision lines should
reduce risk of contracture, webbing, or hypertrophy when
properly planned and executed. Inherent genetic and hor-
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monal factors influence the likelihood of hypertrophic or
keloid scarring. The probability of occurrence varies widely
and should be discussed with all patients choosing to undergo
elective surgical incisions.

Skin quality is an extremely important determinant of the
proper technique to employ for ideal neck contour. Age,
massive weight loss, genetic propensity, extrinsic factors
such as exposures or medications may contribute to loss of
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elasticity of the neck region. As a result, individually cus- post auricular crease and extend from the lobule to the level
tomized treatment plans must be made to manage skin excess of the antihelical fold. Complete undermining of the skin
or laxity after subcutaneous reduction procedures of all from the mastoid region to approximately 1.0 cm above the
types. The post auricular incisions should be initiated in the clavicle will allow mobilization and rotational advancement
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sufficient to prevent visible heaping of tissues over the ster-
nocleidomastoid muscle. Meticulous attention to hemostasis
is a must with such large potential space and high vascular-
ity. A wide range of hematoma occurrence has been quoted
at 0.13-10% with rhytidectomy procedures of the past [10],
and this rate may be substantially reduced with epinephrine
and transexamic acid [11].

The next layer of tissue encountered in this region is the
subcutaneous fat layer. This layer is less vascular than the
subdermal plexus above and is divided into a superficial and
deep layer by the superficial fascial system. This fascia is
named in various regions of the body but is contiguous
throughout and of variable density. On physical examination,
when a person makes effort to tighten the platysma muscle
below, the fat in this layer is identified as not moving or being
compressed by the muscle contracture. This layer is accessi-
ble with low risk to nervous and vascular structures immedi-
ately below the subdermal plexus. Either direct excision or
lipoaspiration of this fatty layer may alone be sufficient to
create a satisfied and safe improvement toward a more ideal
cosmetic appearance of the submental region. A deep or sub-
platysmal fat layer may be present, most commonly centrally
but may occur laterally as well. This layer can be addressed
either direction at the time of platysma elevation from a
medial to lateral approach from the midline dissection or with
lipoaspiration alone. As the depth of surgical intervention
increases, approximation to the marginal mandibular branch
of cranial nerve VII increases [12]. In addition, the rate of
lymphatic injury also increases. Precision and vigilance must
be maintained in deeper surgical management.

Actual volumes of fat available and appropriate for
removal are extremely variable. In some cases, 350 cc may
be removed. In others, 3.0-10.0cc may be appropriate and
effective in achieving the desired outcome of improvement.
In larger cases, bulk removal will result in improved contour.
In smaller cases, the effect of introducing tumescent solu-
tion, traumatic tunneling, and minimal aspiration may result
in an outcome of high patient satisfaction as a result of der-
mal and subdermal contracture alone. In both cases, the sur-
gical removal of tissue will result in increased exposure of
the underlying structure. This could result in improved
appearance or exposure of underlying anatomical deficien-
cies or abnormalities, thus the necessity of a complete
knowledge of the anatomy of the region and a thorough pre-
operative examination.

In ideal cases of skin elasticity, a 2.0 mm stab incision
with a #11 blade immediately posterior to the submental
crease provides sufficient access for supraplatysmal lipoaspi-
ration while minimizing stigma of surgical intervention.

If a patient has a posterior airway and posterior hyoid posi-
tion, the typical high-yield procedure is platysmaplasty com-
bined with subcutaneous liposculpture. A 2.5-3.0 cm

submental incision is placed with a #15 blade approximately
1.0 mm posterior to the submental crease. Subcutaneous dis-
section is achieved with facelift scissors. Lipoaspiration is per-
formed with a 5.0 mm spatula open liposuction cannula to the
level of the superficial fascia of the platysma muscle. Variable
decussations occur in the central region of the neck and may
form the basis of the platysmal surgery to correct it [13].

Once the submental fat is fully removed, supra and sub-
platysma, the medial border of the platysma muscle will be
evident from the submental incision with the aid of a sweet-
heart retractor with headlight. Grasp the medial border of the
platysma and dissect with either electrocautery (on low set-
tings) or facelift scissors. This plane of dissection is well
established and easy to divide while elevating the muscle. If
performing a midline plication, begin at the level of the hyoid
bone. Using a 4-0 PDS suture, engage the periosteum of the
hyoid bone and ensure medial mobilization of the borders of
the platysma without distortion. Typically, this is associated
with a 3.0-5.0 cm transaction of the platysma bilaterally at
the level of the hyoid, to ease mobilization and more clearly
define the cervicomental angle. A running locking suture
technique is used to run anteriorly to the mental crease and
back again, posteriorly to the hyoid where the suture is tied
to the original tail at its origin.

The posterior border of the platysma muscle is plicated
with 2-0 PDS suture to the dense tissues found in the mastoid
region in one or more locations after subplatysmal dissection
with facelift scissors under direct visualization. Care is taken
to preserve the greater auricular nerve as it crosses the sterno-
cleidomastoid muscle at Erb’s point. Purposeful denervation
of the cervical branches of the facial nerve is then performed
while incising the cervical retaining ligaments. This improves
mobilization and increases longevity of the neck lift proce-
dure [14-16]. The length of the post auricular incision is
dependent upon on the laxity of skin and the ability to rota-
tionally advance the skin overlying the advanced platysma.
The most common choices are either extension into the hair-
line or pretrichial. Realignment of the hairline with closure is
indicative to all onlookers of attention to detail.

Excluding extreme skin laxity and superficial and deep
adiposity, the primary determinants of the ideal neck contour
is the mentum and the hyoid position. A supportive mentum
or most projected chin prominence adds visual length and
grace to the jawline. Insufficient support or projection
“weakens” and limits definition of the region. All patients
must undergo an evaluation of dental occlusion and basal
bony position. This may reveal a class II dental position with
mandibular hypoplasia and would be an indication for man-
dibular advancement surgery. Patients with a Class I occlu-
sion and microgenia may elect for genioplasty or chin
implant placement for increased projection towards ideal
(See Chap. 21). Genioplasty is preferential when the desired
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goal is to modify vertical height and width with length of the
mentum, but has an associated longer recovery and increased
complications as compared to alloplastic implantation alone.

In patients with massive weight loss and extreme laxity of
tissues, my preference is to fully resect the platysma muscle
bilaterally. This allows access to the subplatysmal fat and
further allows skin redraping to define the cervicomental
angle. A electrocautery is used to incise completely through
the platysma muscle 1.0 cm below the inferior mandibular
border. Complete resection is mandatory if initiated.
Incomplete resection will result in posterior neck banding
and will likely increase chances of a requested revision sur-
gery to correct.

Taken as a single element, the hyoid bone and its muscu-
lar attachments are the single most important anatomical
structures contributing to neck contour. The more superior
and posterior the hyoid bone, the more acute and more attrac-
tive the neck contour. An obtuse cervicomental angle is most
commonly associated with an inferiorly, anteriorly posi-
tioned hyoid. The position of the hyoid is a result of its mus-
cular attachments, the base of the tongue, and the airway
position. Selective release of attachments results in unop-
posed unilateral directional change to the hyoid position.
The anterior digastric muscles pulls the hyoid anteriorly. The
omohyoid, sternohyoid, and thyrohyoid muscles pull the
hyoid inferiorly. The release or removal of these muscles
allows unopposed superior and posterior repositioning of the
hyoid bone, resulting in the maximum modification in the
cervicomental angle that is possible.

Myotomy or muscle release of the hyoid results in only
the trachea and base of tongue as inhibitions to ideal cervico-
mental angle and neck contour. In the past this was discussed
and the hyoid and its position were identified as limiting fac-
tors in the ability of a surgeon to improve neck contour [17].
Reduction neck lift (2016) was introduced in a series of
excellent publications in The Clinics of Plastic Surgery [18].
This text and its authors ushered in a new era of possible
modification of the cervicomental angle associated with the
“difficult or problem neck” [19].

Direct visual inspection of the submandibular glands,
lymph nodes and anterior digastric muscle must be per-
formed once the platysma is resected. The digastric muscle is
divided into anterior and posterior portions, triangulating the
contents of submandibular triangle [2]. This muscle func-
tions to assist in swallowing and elevation and position of the
hyoid bone. If this muscle is prominent or removal of the
overlying platysma reveals its prominence, the anterior belly
of the digastric muscle can be removed without untoward
consequences. This results in an unopposed posterior and
superior vector of force on the hyoid bone of the remaining
posterior belly of the digastric. A more deep and posterior

cervicomental angle results. Close visual inspection of the
superficial lobe of the submandibular gland may reveal its
prominence and need for resection. Using a blunt curved or
right angle clamp, a blunt dissection is made through the
superficial capsule of the gland, immediately posterior to the
neurovascular bundle. Electrocautery is used to excise the
portion of the gland that herniates with gravity alone. This is
a highly vascular structure and requires complete hemostasis
prior to closure of the capsule. Due to resection of the pla-
tysma and overlying fat, there is an increased rate of sialo-
ceole. Immediate use of chemical paralysis should be
considered at this time.

Perioperative Considerations

All patients are evaluated for consideration of pre-operative
use of Clonidine (0.2 mg/d transdermal patch) [20]. The
synergistic effect of clonidine reduces the need for intraop-
erative pain and anxiety medications, reduces hypertension,
intraoperative bleeding, postoperative hematoma rates, and
has very minimal effect on the normotensive or hypotensive
patient [21, 22]. This procedure can be performed either
under local anesthesia alone, oral sedation, inhalation of
nitrous oxide, intravenous sedation, or general anesthesia.
Tumescent anesthesia (500 mg Lidocaine, 0.5cc of 1:1000
Epinephrine in 500cc 0.9% Saline solution) volumes of
100-350cc are introduced with a 22-G spinal needle or
blunt infusion cannula into the subcutaneous plane and
allowed 7-30 minutes for hemostasis and anesthesia prior to
performing any surgical intervention. At this same time, if
intravenous access is utilized, an infusion of tranexamic
acid (1.0 gm TXA in 50cc 0.9% saline intraoperative and
4 hours postoperatively) is performed for 10-20 minutes.
This intravenous antifibrinolytic inhibits the conversion of
plasminogen to plasmin and results in reductions in echy-
mosis, edema, and hematoma rates in facelift patients [23,
24]. High concentration local anesthesia (1:200,000 Epi and
2% lidocaine) of 1-3 cc is used at incision sites to minimize
bleeding. Access is created with a #15 surgical blade
1-3.0 mm posterior to the sub mental crease and an infralob-
ular stab incision is created using and #11 blade, through
skin to the subcutaneous plane. A 2—3 mm aspiration can-
nula is then utilized to create tunnels in a fan-like pattern
from these points of access. If the cannula is unilateral, the
aspiration ports should be directed downward, away from
the underlying subdermal plexus. Attention should be made
in retaining a 3—5.0 mm layer of fat on the overlying dermis
in order to minimize contour irregularities and to minimize
excessive and variable fibrosis that occurs with dermal
injury.
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Hair Restoration

Jon D. Perenack

History of the Procedure

Japanese literature offers the first description of a successful
hair restoration procedure, reported by Sasagawa with his
hair shaft insertion technique in 1930 [1]. Punch grafts of
2—4 mm were described later in the 1930s by Okuda [2]. The
first hair restoration procedures performed in the United
States were described by Orentreich in 1952. His technique
utilized donor punch grafts much larger than reported in the
Japanese literature, taken from the scalp measuring 6-8 mm
in diameter [3]. These relatively large grafts were harvested
from the posterior and lateral scalp and transplanted into
slightly smaller diameter punch sites created in the area of
alopecia. The donor sites would typically heal with multiple
depressed, hypopigmented scars lacking hair, and would
often have a “moth-eaten” appearance. The recipient site was
prone to a “pluggy” look, particularly along the frontal hair-
line. Despite these disadvantages, larger grafts were utilized
in the United States for the next 30 years. The concept of
“donor-dependence” was also developed by Orentreich dur-
ing this time and had great clinical relevance for treatment of
androgenic alopecia up until present day. Donor dependence
referred to the phenomena that grafted hair follicles contin-
ued to show the characteristics of the donor site regardless of
the recipient site, including the lack of later hair loss in
response to androgens in the new location. Thus, stable hair
could be maintained in an area of androgenic alopecia indefi-
nitely [3]. Noting that smaller grafts lent to a more natural
hairline appearance, the development of “mini-grafts” in the
1980s and “mini-micrografts” in the 1990s, resembling the
earlier Japanese technique, was adopted [4, 5]. As under-
standing of the anatomical follicular unit developed, the con-
cept of placing grafts of this size to achieve a more natural,
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esthetic result was described by Rassman and Bernstein in
1995 and 1997 [6-8]. As follicular unit transplantation
(FUT) was initially described, a donor strip (strip technique)
was harvested from the posterior-lateral scalp, and under a
stereomicroscope dissected into the naturally occurring fol-
licular units. A follicular unit (FU) is typically comprised of
1-4 terminal hairs, one to two vellus hairs, along with the
associated sebaceous glands, neurovascular plexus, an erec-
tor pili muscle, and the perifolliculum. The surgeon will plan
to place the follicular units containing 1-2 terminal hairs to
create the anterior hairline, while units containing 3—4 hairs
are placed posterior to the first 1-2 cm of the anterior hair-
line. FUT has continued to be the most common method for
hair restoration from that time until the present. In the early
2000s, a modification to the harvesting of the follicular units
was described [9]. Called follicular unit extraction (FUE),
this technique eliminated the need for harvest of a donor strip
of scalp, instead using small punch excisions with or without
microdissection to harvest each individual unit separately.
The donor site closes by secondary intention. Instead of a
long linear donor scar, the patient is left with several hun-
dred/or thousand small hypopigmented indented scars, thus
allowing the patient to wear their hair quite short. Shaving of
the donor site is a prerequisite, and in general, the donor site
is 5 times larger than the amount required for the strip tech-
nique. Robotic-aided FUE has also been described. Whether
a strip technique or FUE is planned to procure donor hair,
FUT is still the preferred method for placement.

Indications for Hair Restoration Surgery

Hair restoration surgery is indicated most commonly for
male pattern hair loss (androgenic alopecia) presenting in the
patient over the age of 25. Andogenic alopecia (AA) is typi-
cally described by the Norwood classification first published
in 1975 [10] (Fig. 24.1). When considering whether a patient
is an appropriate candidate, one must consider their current
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Fig. 24.1 Norwood
classification [10]

age and Norwood classification, family history of hair loss
pattern, patient goals, availability and the quality of donor
follicles [11]. A patient who is 50 years of age with a
Norwood 4 classification may be an excellent candidate,
while a patient who is 25 years old with a Norwood 4 clas-
sification and a strong family history of Norwood VII may be
a poor candidate. Use of a Rassman densitometer [12] to
measure absolute hairs per unit area may be helpful to docu-
ment donor and recipient sites prior to surgery and determine
graft availability. There are numerous conservative hair res-
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toration medications and devices that may also be consid-
ered. Non-androgenic alopecia causes must also be ruled out.
In addition, most males exhibit diffuse patterned alopecia
(DPA), which provides for a stable zone of donor hair in the
posterior and lateral scalp for grafting. However, some males
will exhibit diffuse unpatterned alopecia (DUPA) that is sim-
ilar to typical female pattern hair loss. These patients exhibit
diffuse hair loss and miniaturization throughout the scalp
and do not have a stable donor area. These patients are typi-
cally not good candidates for hair restoration surgery [7].
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Female patients commonly present with DUPA, but may
instead exhibit DPA, or AA patterned hair loss. As men-
tioned, the DUPA patient is often a poor surgical candidate,
and early attention should be given to conservative measures
such as PRP therapy, low-energy LED/diode laser light ther-
apy, pharmacologic agents and nutritive supplements to slow
advancing hair loss. Female DPA and AA patients can be
treated like male patients.

Patients may present with hair loss secondary to a previ-
ous surgical procedure. Temporal hair loss may be seen after
facelift surgery, and not uncommonly trichophytic browlift
scars may become exposed after years of slow anterior hair-
line recession. Tumor resection or trauma to the hair bearing
scalp may also cause permanent hair loss that may be ame-
nable to treatment. Trauma or overplucking of the eyebrow
may also present as site for hair restoration.

In a patient presenting with new, rapid hair loss, or hair
loss that does not match AA, DPA, or DUPA, one must rule
out autoimmune causes. This is typically done by perform-
ing multiple 3 mm punch biopsies of hair follicles in and
adjacent to the affected area and examination of the histo-
logic sections with immunofluorescence. Autoimmune-
mediated hair loss patients are poor candidates for hair
restoration surgery.

Once a patient has been determined to be a good surgical
candidate, the surgeon needs to plan the pattern of grafting,
angulation of graft placement, number of follicles needed for
a visually positive outcome, and possible need for secondary
surgery. In general, re-creation or lowering of an anterior
hairline will require 600, 1-2 hair follicular units. Grafts are
typically placed in a staggered pattern along the anterior
hairline. A secondary surgery to add density to the area may
be considered at 10-12 months and may require an addi-
tional 300-500 FU. Stand-alone vertex alopecia may require
600-1000 follicular grafts, and again additional grafting of a
similar amount may be required at one year to achieve
desired density. A typical Norwood V pattern patient may
require two sessions of 2500 FU grafts, grafting from front to
vertex. The first grafting session is planned so that results
will look natural even if a second session never occurs. If
existing hair is present, the surgeon must plan on placing
grafts such that further alopecia does not expose an unnatural
grafting hair pattern. Recipient sites should be angled to fol-
low existing hair angulation and hair style parts and pattern
(Fig. 24.2).

Once the number of grafts and surgeries are determined,
the donor site should be assessed for adequacy of donor graft
availability. Donor density, scalp laxity and absolute donor
size are documented. A typical 1 cm? unit of posterior scalp
may yield 100 follicular units in the average patient.
However, this density may be quite less in some patients due

Vertex transition
point

Frontal Hairline

Fig. 24.2 Regions of the scalp

to stretching of the scalp from previous surgeries, scarring,
the presence of DUPA, and general genetic tendency. Follicle
density is generally less on the lateral aspects of the scalp.
The density of follicles in African American patients is also
typically less. The donor strip must be planned in length and
width so that a tension-free closure can be obtained while
enough graft is harvested. If a patient lacks sufficient graft
material to obtain the planned result, a frank discussion
about goals and outcomes must be had with the patient to
determine if hair restoration is appropriate for their desires.

Contraindications for Hair Restoration
Surgery

Other than general medical conditions precluding surgery,
including keloid formation and auto-immune mediated hair
loss, there are no absolute contraindications to hair restora-
tion surgery

Relative contraindications for treatment of androgenic
alopecia

Patient age under 25

Norwood VII pattern hair loss, or anticipated hair loss
DUPA

Inadequate donor graft material or site

Excessive scarring at recipient site

Unrealistic patient expectations

AN S e
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General Anatomy for Hair Restoration

Contemporary hair restoration surgery is almost exclusively
limited to the superficial layers of the scalp, specifically, the
epidermis and dermis, with their appendages, and the subcu-
taneous fat layer. However, it is important for the hair resto-
ration surgeon to be aware of adjacent deeper, structures so
as to be prepared in the instance of technical misadventure.

The Scalp

The scalp is composed of five layers from superficial to deep:
(1) the skin (epidermis and dermis), (2) the subcutaneous fat
layer, (3) the subcutaneous musculoaponeurotic layer — con-
sisting of the frontalis muscle anteriorly, the occipitalis mus-
cle posteriorly and the intervening fascial aponeurosis, (4)
loose areolar tissue, (5) Periosteum (Fig. 24.3). Hair restora-
tion surgery, when performed properly, should not violate
the anatomic plane deep to the subcuticular layer.

The Hair Follicle

The follicular pilosebaceous unit consists of the hair follicle
itself, an attached sebaceous gland, the associated arrector
pili muscle and neurovascular plexus, and the perifolliculum.
Most follicular units contain from 1 to 4 terminal hairs along
with 1-2 vellus hairs (Fig. 24.4). Vellus hair pilosebaceous
units do not penetrate deeper than the reticular dermis, while
terminal hairs penetrate into the subcutaneous tissue. When
procuring hair follicles for follicular unit transplantation, it is
important to maintain the entire pilosebaceous unit. During
harvest to the naked eye, or with loupe magnification, typi-
cally, only the hair shaft and bulb are visible with adjacent
fatty tissue present surrounding the bulb. It is important to
leave this fatty tissue intact and not to trim grafts so closely
to the bulb to preserve the integrity of the follicular unit.
Follicular units containing 3 or 4 terminal hairs are best

Epidermis |_ Skin
Dermis
Subcutaneous Fat
Galea

Loose Areolar Tissue
Pericranium

Cranium

Fig. 24.3 Scalp anatomy
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Fig. 24.4 Follicular unit

suited to grafting areas at least 1-2 cms posterior to the
planned anterior hairline. FUs containing 1 or 2 terminal
hairs are typically used for recreating the anterior hairline,
eyebrows or other sites that present a beginning of a hair-
bearing area.

Vascular and Sensory Supply of the Scalp

If performed properly, FUE and FUT should not encounter
any significant vascular or nervous supply to the scalp.
Rarely, a deeper vessel may be encountered. Bleeding asso-
ciated with vessel transection may be easily accomplished
with heat or electrocautery, or vessel tie-off if necessary
(Fig. 24.5). Sensory or motor nerves are not encountered.

Procedure and Anatomical Considerations

The two main phases of hair restoration surgery are (1) graft
harvest, and (2) graft placement.

Graft Harvest

During the graft harvest phase, attention is turned to toward
procurement of follicular units. This may be accomplished
either through a strip harvest of the scalp with secondary fol-
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Fig. 24.5 Vascular supply of the scalp

licular dissection, or through individual follicular unit extrac-
tion, typically with a small (0.8-1.25 mm) punch device
(FUE). As terminal hair bulbs are present slightly below the
reticular dermis into the subcutaneous tissue, the surgeon
will extract either the strip or individual follicle to slightly
below this level, leaving a small amount of soft tissue (peri-
folliculum and neurovascular plexus) attached below the hair
bulb, and subcutaneous fat present deep to the dissection. By
staying within the subcuticular plane, the surgeon can avoid
any large vascular structures or sensory/motor nerves. There
is never a need to violate the deeper fascia or occipitalis
muscle.

Graft Placement

During graft placement, the surgeon makes a small stab inci-
sion in the scalp slightly wider than the graft to a depth
slightly into the subcutaneous tissue. This may be accom-
plished with various beaver-type blades, needles, or Nocor
type needles. Attention is given to making the graft accepting
incisions in such a way as to follow appropriate angulation
and pattern that would be expected in the native hair that
would normally occur in the area.

Technique: Strip Technique for Follicular Unit
Transplantation

Step 1. Marking: With the patient sitting or standing in an
upright position, the position of the anterior hairline is
marked. A 1-2 centimeter zone is marked where 1-2 hair FU
are to be used. The extent laterally and to the vertex where
grafting is planned is marked. The direction of hair angula-
tion and vertex pattern are marked. The donor site is marked
typically just below the occiput, 1-1.3 cm in height by an
appropriate length depending on density, laxity, and the
number of grafts needed. The donor site only is trimmed so
that hairs are 1-2 mm in length. The planned frontal hairline
marking is confirmed with the patient looking in a mirror.

Step 2. 1V sedation and local anesthesia: The patient is
taken to the operating room and laid prone on the table. A
dilute Hebiclens solution is used to prep the surgical site and
hair. A complete ring block around the scalp is performed
with a lidocaine/marcaine mixture. Tumescent fluid is infil-
trated in the subcutaneous plane in areas of donor graft har-
vest and planned recipient sites. For patients anxious about
the ring block injection, IV sedation or oral anxiolysis is
offered.

Step 3. Donor site harvest: The donor site is draped in a
semi-sterile fashion. Using a 10 blade angled to parallel the
direction of the hair follicles, an incision outlining the pro-
posed graft down to the subcutaneous tissue level is carried
out. The graft is harvested with care not to interrupt the infe-
rior aspect of the follicles. It is desirable to maintain 1-2 mm
of fatty tissue to protect the follicular bulbs (Fig. 24.6). The
graft is placed in a petri dish containing NS or LR and passed
to the technicians for FU preparation. The donor defect is
closed with interrupted SQ vertical mattress 4-0 polyglyco-
late sutures. The skin is closed with staples or a running,
locked nylon sutures that are removed at 7-10 days. An anti-
biotic ointment is placed over the donor site.

Step 4. Graft preparation: Immediately after the donor
strip is harvested, the technicians begin preparation of the
FU grafts. This often takes place concurrently while the
recipient sites are prepared. The initial step is called “sliver-
ing,” where the donor strip is horizontally dissected into sliv-
ers roughly 1-2 FU thick (loaf-of-bread slicing) (Fig. 24.7).
Visualization of the follicles is accomplished with either a
low-power stereoscopic microscope or with high-power sur-
gical loupes. The slivers are then dissected using either a 10
blade or straight razor on a cutting board to isolate the indi-
vidual FUs. The isolated FUs are then placed in chilled petri
dishes containing NS, and are segregated into groups of FUs
containing 1, 2, 3, or 4 terminal hairs (Fig. 24.8). This pro-
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Fig. 24.6 (a) Donoir strip is marked and area is shaved (b) Donor strip
is harvested at the level of the subcutaneous fat

Fig. 24.7 Slivering of the donor strip

Fig. 24.8 Final dissected follicular units

cess continues until the entire graft is dissected into FUs. The
final graft count is then recorded.

Technique: Follicular Unit Extraction
for Follicular Unit Transplantation

Step 1. Marking and Harvest Site Preparation: The sites to
be grafted are marked on the patient as would be done with
the strip technique. To perform FUE, the donor area must be
shaved to about I mm in length. If a patient requires only
100—400 grafts, and wears their hair long, horizontal poste-
rior strip areas may be marked that are 1.0-1.5 cm in height
and roughly 10-12 cm in length. This strip may then be
shaved to allow graft procurement with hair superior to the
site allowed to drape over the area for camouflage. Typically,
1 or 2 shaved areas may be created to allow FUE while not
requiring complete shaving of the posterior scalp. For
patients requiring 500 to 1500 FUs to be extracted by FUE, a
large posterior area must be shaved. The area must be roughly
5Xs larger than expected for strip technique with avoidance
of harvesting hair from the nape or 2-3 cm from the lateral
extent of the hairline.

Step 2. 1V sedation and local anesthesia: Performed as
with strip technique. Tumescent solution is added throughout
the entire area to be harvested and may require reapplication
during longer cases to decrease bleeding and facilitate graft
harvest.

Step 3. Donor site harvest: The donor site is draped in a
semi-sterile fashion. Appropriate punch size is chosen
depending on the thickness of the patient’s hair and nature of
the hair follicle. Thin to average hair may be harvested with
a I mm punch. Thicker hair, or African American hair, often
requires a 1.25 mm punch. Utilizing the FUE system avail-
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Fig. 24.9 (a) FUE harvest from scalp (b) Angulation of FUE harvest next to scalp sliver for comparison

able, the surgeon angles the punch to match the orientation
of the hair follicle (Fig. 24.9). The punch is inserted until the
resistance of the dermis is broken and the follicle can be eas-
ily removed. Most FUE extraction systems have a suction-
based collection system that requires the grafts to be removed
and further modified as needed. The grafts are then placed in
a petri dish containing NS or LR and passed to the techni-
cians for FU transplantation.

Technique: Recipient Site Preparation
for Follicular Unit Transplantation

Step 1. Recipient site preparation: Depending on the size of
the grafts to be placed, the surgeon will choose an 89, 90, or
91 rounded beaver blade for site preparation. Nocor needles
of varying sizes may also be used. The patient is now seated
in an upright to semi-reclined position with soft neck pillows
used to incline the head to expose the planned recipient area.
An assistant keeps count of the number of recipient sites cre-
ated. It is preferable to create sites from back to front as
occasional bleeding may obscure the more dependent site.
Care is made to angulate the blade in the direction the hair
should grow, generally forward, often at 45 degrees to the
scalp plane along the vertex and crown. This angulation
becomes more acute approximating 30 degrees approaching
the anterior hairline (Fig. 24.10). If the temporal tuft is
grafted, the angulation is quite extreme and directed inferi-
orly and slightly forward. Once the recipient sites are cre-
ated, graft placement may begin immediately (Fig. 24.11).
One variation of this technique is the “stick and place”
method, where the surgeon creates the recipient site and
immediately places the graft. While this decreases the time
of the graft outside the body and it is often easier for the
surgeon to place the graft, it limits the ability of having more

than one graft placer. In addition, “stick and place” requires
the surgeon’s personal attention throughout the procedure
leading to operator fatigue and limiting the number of
patients to be treated in one day.

Step 2. Graft placement: The grafts are then transferred
in a petri dish to the OR. The placing technician places
20-30 grafts on their non-dominant index finger. Using a
curved jeweler’s forceps, each graft is grasped gently at the
base without crushing the follicular bulb. The graft is
inserted into the prepared recipient site in the same angula-
tion as the site was made. Placing continues until all grafts
are inserted (Fig. 24.12). The surgical site is constantly
sprayed with NS to cleanse any blood and keep the grafts
moist. Occasionally, a patient may experience prolonged
bleeding from a recipient site resulting in “popping” of the
placed grafts. This may be managed by keeping the patient’s
head elevated and injection of 2% lidocaine with 1:100,000
epinephrine in the area of bleeding. Once all grafts are
placed, a tension headband is placed to compress the donor
site. A surgeon’s cap is placed over the head to protect the
grafted area.

Step 3. Postoperative course and care: Most patients
report minimal discomfort and have adequate relief with
NSAIDS. For the first three days, the patient is given a spray
bottle with NS to keep the grafted site moist. Gentle washing
of the donor site is allowed on the first postoperative day. The
patient is allowed to shampoo gently the entire scalp with
baby shampoo on the third day and may wear a cap. Small
scabs may be present attached to the grafts that are typically
shed by 7-10 days. Most grafted FUs will shed their associ-
ated hair shafts within two weeks. Growth returns as early as
two months with the majority of grafts appearing within
4-6 months. For most males, a final result will not be seen
until 10—12 months depending on the patient’s hair length
(Fig. 24.13).
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Fig. 24.11 Recipient sites completed

Fig. 24.12 Placement of grafts into recipient sites
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Fig. 24.13 Preoperative appearance and 12 months post-op 2200 follicular graft session
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Appendix 1

Osteology

The major bones of the external cranium housing the brain
include two bilateral bone pairs: the temporal and parietal
bones, and bones that cross and center on the midline of the
head: the frontal, occipital, and sphenoid bones (Fig. Al.1).
The ethmoid bone also crosses the midline and can be
observed in the medial wall of the orbit, the space housing
the eyeball, extraocular muscles, vessels, nerves, and adi-
pose tissue. Most of these bones are joined by fibrous sutures,
many of which are named (Fig. A1.2).

Anterior Surface of the Skull

The facial skeleton is composed of the frontal and zygomatic
bones, nasal and lacrimal bones, maxillae, and mandible.
The frontal bone underlies the forehead and makes up the

Fig. A1.1 Lateral view of the
skull: major bones and
mastoid process of temporal
bone are labeled

Frontal Bone

Nasal Bone

Lacrimal Bone

Maxilla

© Springer Nature Switzerland AG 2021

roof of the orbit and part of the floor of the anterior cranial
fossa. It has prominent superciliary arches above the orbit
and a sharp ridge at the superior orbital rim that may lacerate
the skin when this area is traumatized. The glabella is the
smooth depressed area between these arches (Fig. A1.3). At
the superior margin of the orbit is the supraorbital notch or
foramen. The major sensory termination of the ophthalmic
division of the trigeminal nerve (supraorbital nerve) and ves-
sels passes through this foramen or notch onto the forehead.

Within the orbit are the superior orbital fissure and the
optic foramen. Veins from the orbital cavity that drain into
the cavernous sinus and the ophthalmic division of the tri-
geminal nerve, oculomotor, abducent, and trochlear nerves
pass through the superior orbital fissure. The optic nerve and
ophthalmic artery (branch of the internal carotid artery)
course through the optic foramen. In the floor of the orbit is
the inferior orbital fissure, which opens posteriorly into the
infratemporal and pterygopalatine fossae. The infraorbital

Parietal Bone
Temporal Bone
Mastoid Process
Zygomatic Bone
Mandible
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Fig. A1.2 Posterior view of
the skull: occipital and
temporal bones are indicated.
Several major sutures are
labeled

Pterion

Temporal Bone

Fig. A1.3 Anterior view of

the skull Fossa for Larimal Sac

(Lacrimal Bone)

Glabella

Orbital Surface of
Zygomatic Bone

Zygoma

Inferior Nasal Concha

Anterior Nasal Spine

groove and canal extend anteriorly from the fissure, and the
canal opens onto the face through the infraorbital foramen. A
sensory branch of the maxillary division of the trigeminal
nerve, the infraorbital nerve, enters the face through this
foramen. From the inferior wall of the infraorbital canal, the
middle and anterior superior alveolar nerves descend to sup-
ply the anterior and premolar teeth and the tissues surround-
ing them.

Several bones of the skull are pneumatized and contain
sinuses. These are air spaces that increase in size with
increasing age. They are present in the maxillary bones, the
ethmoid bones, the sphenoid bone, usually the frontal bones,
and the mastoid process of the temporal bones.

Coronal Suture

Saggital Suture

Lambdoid Suture

Occipital Bone

Frontal Bone

Supra-Orbital Notch
(Foramen)

Optic Canal
Superior Orbital Fissure

Zygomatico-Facial
Foramen

Infra-Orbital Foramen

Nasal Bones

Mental Foramen

Inferiorly, the frontal bone articulates with the nasal, lac-
rimal, and ethmoid bones near the midline, with the sphenoid
bone in the posterior orbit, and the zygomatic bone laterally.
The thin, paired nasal bones are prominent and subject to
fracture during sports or accidents. The lacrimal and ethmoid
bones on the medial surfaces of the orbit are extremely thin
and may fracture with trauma causing communication
between the orbit and underlying sinuses. On the medial wall
of the orbit are the anterior and posterior ethmoid foramina.
Branches of the nasociliary nerve enter these foramina to
supply the ethmoid air cells. The anterior branch also enters
the cranial fossa at the lateral margin of the cribriform plate,
runs anteriorly for a few millimeters, descends through the
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nasociliary slit into the nasal cavity, and emerges onto the
face at the lower border of the nasal bone as the external
nasal nerve. The nasolacrimal canal lies anteriorly on the
medial wall of the orbit. It transmits the tear duct to the infe-
rior nasal meatus.

The zygoma forms the prominence of the cheeks, anterior
and lateral to the orbit. On the lateral surface of the zygoma
is the zygomaticofacial foramen, and on its posterior surface
is the zygomaticotemporal foramen. Sensory nerves from the
trigeminal nerve (maxillary division) pass through these
foramina to the skin.

Within the nasal cavity is the nasal septum in the midline
and, on the lateral surfaces are the bony nasal conchae (supe-
rior, middle, and inferior). The hiatus semilunaris is an open-
ing through which the maxillary sinus communicates with
the middle meatus of the nasal cavity, just lateral to the mid-
dle concha. Note that the connection between the maxillary
sinus and the middle meatus is near the roof of the sinus,
making natural drainage from the sinus difficult. Projecting
anteriorly from the floor of the nasal fossa, the maxilla forms
an anterior nasal spine in the midline.

The maxillae make up the majority of the midface,
extends into the orbit floor, and support the maxillary teeth
(alveolar process). The maxillae extend from the maxillary
teeth to the floor of the orbit medially. The infraorbital fora-
men is located inferior to the orbit. The bone over the root of
the canine tooth is elevated to form the canine eminence, and
posterior to the eminence is a depression, the canine fossa.
Anterior to the canine eminence is a smaller depression, the
incisive fossa.

Interior Base of the Skull

In the anterior cranial fossa, the crista galli is prominent in
the midline rising superiorly from the ethmoid. This provides
an attachment for the cerebral falx, a reflection of the dura.

Fig. A1.4 Interior base of the
skull

Anterior Cranial Fossa
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Crista Galli

The cribriform plate of the ethmoid lies on both sides of the
crista galli. The olfactory nerves pass through these foramina
to the olfactory bulb. In a traumatic head injury, these nerve
fibers can be torn at this point (Fig. A1.4).

In the middle cranial fossa, the hypophyseal fossa is
located. The pituitary gland is housed within this fossa, con-
nected to the brain by the infundibulum. What would be the
consequence of severing this connection? On the lateral side
of the hypophyseal fossa is a groove for the internal carotid
artery. The artery is surrounded by the cavernous sinus, a
major intracranial venous sinus. Passing through the cavern-
ous sinus in or near its lateral wall, and exiting the cranial
cavity through the superior orbital fissure are four nerves:
ophthalmic division of the trigeminal (CN V1), oculomotor
(CNIII), trochlear (CN IV), and abducent (CN VI). Appendix
3 explains the course of the oculomotor nerve. Appendix 4
illustrates the trochlear and abducent nerves. Appendix 5
outlines the trigeminal nerve. Passing through the fissure
from the orbit into the skull are veins from the orbital cavity
that drain into the cavernous sinus, providing a potential
pathway for infections spread from the face to the brain. The
superior orbital fissure separates the greater and lesser wings
of the sphenoid bone. Inferior to the medial end of the supe-
rior orbital fissure lies the foramen rotundum. The maxillary
division of the trigeminal nerve passes through this foramen
to enter the pterygopalatine fossa. The foramen ovale is
about one centimeter posterior to the foramen rotundum.
Both motor and sensory components of the mandibular divi-
sion of the trigeminal nerve pass through the foramen ovale.

An accessory meningeal branch of the maxillary artery
also enters the cranial cavity through the foramen. Finally,
the lesser superficial petrosal nerve usually leaves the skull
through this foramen. (The lesser superficial petrosal nerve
is parasympathetic. These fibers leave the brain in the glos-
sopharyngeal nerve but soon leave it and through a complex
course ultimately leave the skull through the foramen ovale
to synapse in the otic ganglion on the mandibular nerve.

Cribriform Plate

Hypophyseal Fossa
(Part of Sella Turcica)

Superior Orbital Fissure

Foramen Rotundum
Foramen Ovale
Foramen Spinosum
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Postganglionic fibers travel with the auriculotemporal branch
of the mandibular nerve, and ultimately supply the parotid
gland).

Medial to the foramen ovale is the foramen lacerum. This
“foramen” is occupied in life by a plate of cartilage. Nothing
but a small meningeal artery actually passes the full distance
from the bottom to the top of this cartilage plate. The internal
carotid artery leaves the carotid canal in the petrous portion
of the temporal bone, crosses the cartilage in the foramen
lacerum, and then turns superiorly. The greater superficial
petrosal nerve (parasympathetic fibers from the facial nerve)
enters the foramen from its intracranial end but exits anteri-
orly before reaching the bottom of the cartilage plate. The
nerve then enters the pterygoid canal with branches (deep
petrosal nerve) of the sympathetic plexus surrounding the
internal carotid artery. The greater superficial petrosal nerve
and the deep petrosal nerve combine in the pterygoid canal to
form the nerve of the pterygoid canal. Posterior and lateral to
the foramen ovale lies the foramen spinosum, through which
the middle meningeal branch of the maxillary artery enters
the cranial cavity.

Posterior to the foramina described above is the crest of
the petrous portion of temporal bone, separating the middle
cranial fossa from the posterior cranial fossa. Near the ante-
rior end of this crest is a depression for the trigeminal nerve
and ganglion. On the posterior slope of this crest is the inter-
nal acoustic meatus. The vestibulocochlear and facial nerves
leave the cranial fossa through this opening.

Fig. A1.5 Exterior base of
the skull
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Below the internal acoustic meatus is the jugular foramen.
Through this foramen, the glossopharyngeal (CN IX), acces-
sory (CN XI), and vagus (CN X) nerves leave the cranial
cavity accompanying the internal jugular vein. The hypo-
glossal canal in the occipital bone, through which the hypo-
glossal nerve leaves the cranial cavity, is below the jugular
foramen.

Exterior Base of Skull

Foramen ovale, jugular foramen, and hypoglossal canal are
visible and are openings through which some of the cranial
nerves leave the skull as outlined above. Also, foramen spi-
nosum is behind and lateral to the foramen ovale, and the
foramen lacerum medial to the foramen spinosum. The
major motor component of the facial nerve (CN VII) leaves
the skull through the stylomastoid foramen, posterior to the
base of the styloid process and anterior to the mastoid pro-
cess. Behind the stylomastoid foramen are two grooves.
The deeper lateral groove is the origin of the posterior belly
of the digastric muscle, and the shallower medial groove
houses the occipital branch of the external carotid artery.
Lateral to the grooves is the mastoid process from which
the sternocleidomastoid muscle arises. Extending posteri-
orly from the mastoid process are the inferior and superior
nuchal lines, formed by the attachments of vertebral mus-
cles (Fig. A1.5).
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The nuchal lines meet in the midline at the external occip-
ital crest formed by the attachment of the ligamentum
nuchae. The crest ends anteriorly at the foramen magnum.
The lower end of the medulla oblongata and the vertebral
arteries pass through the foramen magnum. At the anterior
and lateral margin of the foramen, identify the occipital con-
dyle that articulates with the atlas (1st cervical vertebra).
Superior to the condyle is the hypoglossal canal. A condylar
canal is frequently found posterior to the condyle. The con-
dylar canal and similar but unnamed canals and foramina
scattered over the skull transmit either diploic veins that join
the veins within the marrow spaces of the skull or emissary
veins that communicate with the veins of the meninges cov-
ering the brain. It is largely because of these venous connec-
tions that infections deep to the scalp are particularly
dangerous.

About one centimeter behind the foramen spinosum, and
separated from the mandibular fossa by the spine of the sphe-
noid bone, is the inferior opening of the carotid canal. The
internal carotid artery enters the canal, bends anteriorly and
medially, passing through the petrous portion of the temporal
bone, and bends superiorly in the foramen lacerum, subse-
quently running through the cavernous sinus. If the cavern-
ous sinus fills with arterial blood, what would be the clinical
presentation? Which nerves would be affected because they
lie in or close to the lateral wall of the cavernous sinus?

Several landmarks can be identified on the bony palate.
The intermaxillary suture separates the palatal processes of
the maxillae and the horizontal plates of the palatine bones.
The hard palate is formed by medial growth of the maxillary
bone from each side of the head with suture formation in the
midline. What would be the result of a failure of these bones
to form a suture? What would be the consequence of prema-
ture suture formation? A transverse suture (palatomaxillary
suture) separates the palatal bone from the maxilla. At the
anterior end of the intermaxillary suture is the incisive fora-
men. The nasopalatine branch of the maxillary division of
the trigeminal nerve enters the palate here to supply the soft
tissues behind the anterior teeth, and a branch of the greater
palatine artery enters this foramen to supply the floor of the
nasal cavity. At the side of the palate, near its posterior end,
the greater (anterior) palatine foramen can be seen near the
roots of the second or third molar. The greater palatine
branches of the maxillary nerve and artery emerge through
the foramen and run forward to provide sensory innervation
to the hard palate and covering gingiva. Behind the greater
palatine foramen, identify the lesser (posterior) palatine fora-
men or foramina within the pyramidal process of the palatine
bone. The vessel and nerve emerging through it have the
same origins as the greater palatine vessels and nerves and
supply the soft palate.

The adult skull normally contains 32 permanent teeth,
16 in the maxilla and 16 in the mandible. A central and a

lateral incisor, a canine tooth, two premolar teeth, and three
molars occupy each side of the maxilla and mandible. The
third molar teeth are the last teeth to erupt. Frequently, there
is inadequate space for these teeth, and they may become
impacted behind the second molar. Extraction of third molars
is a common procedure. The roots of the teeth are supported
by the alveolar processes of the mandible and the maxilla.
This alveolar bone resorbs when the teeth are extracted
unless a dental implant is placed.

Posterior to the palatine bones are the medial and lateral
pterygoid plates of the sphenoid bone. The lateral pterygoid
muscle arises from the lateral surface of the lateral pterygoid
plate. The medial pterygoid muscle arises from the medial
surface of the lateral pterygoid plate. The tensor veli palatini
muscle arises from the scaphoid fossa at the base of the
medial pterygoid plate, and its belly occupies the pterygoid
fossa between the two plates. This muscle descends to, and
its tendon runs medially over, the pterygoid hamulus at the
inferior end of the medial pterygoid plate. The tendon then
inserts into a fibrous sheet within the palate. At the root of the
medial pterygoid plate, in the anterior wall of the foramen
lacerum, is the opening to the pterygoid canal, which extends
to the pterygopalatine fossa. The greater superficial petrosal
nerve (parasympathetic fibers from the facial nerve) and
deep petrosal nerve (sympathetic fibers from the carotid
plexus) join and enter this canal as the nerve of the pterygoid
canal.

The mandibular (glenoid, articular) fossa is bounded
anteriorly by the articular eminence. The lateral end of this
eminence (articular tubercle) is often prominent because of
the attachment of the temporomandibular ligament. The
articular surface of the fossa (posterior slope of the articular
eminence) is bounded posteriorly by a postglenoid lip, the
lateral end of which is prominent (postglenoid process). This
lip abuts the tympanic portion of the temporal bone. The
suture formed by these two components of the temporal bone
is the squamotympanic fissure (the superior surface of the
fossa is formed by the squamous portion of the temporal
bone). A tiny tongue of the petrous portion of the temporal
bone intervenes in the fissure in its medial half. The fissure is
thereby divided into petrosquamosal and petrotympanic fis-
sures. The chorda tympani nerve, a branch of the facial nerve
(CN VII) containing parasympathetic and taste fibers, leaves
the skull through the petrotympanic fissure. The spine of the
sphenoid bone contributes to the medial wall of the mandibu-
lar fossa.

Lateral Surface of the Skull

The superior and inferior temporal lines mark the superior
attachments of the temporal fascia and temporalis muscle,
respectively. The muscle arises from the medial surface of
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the temporal fascia as well as from the temporal fossa. The
fascia is attached to the zygomatic arch below. This fascia
stabilizes the zygomatic arch in the event of its fracture. The
temporal fossa is bounded above by the temporal lines and
below by the infratemporal crest. The crest marks the site at
which the vertical great wing of the sphenoid and squama of
the temporal bone bend horizontally and medially. Pterion is
formed by the sutures that unite the frontal, parietal, sphe-
noid, and temporal bones. It is clinically important because it
overlies the anterior branches of the middle meningeal artery
(Fig. A1.6).

The infratemporal fossa is demarcated above by the infra-
temporal crest, anteriorly by the infratemporal surface of the
maxilla, and behind by the articular eminence and the angu-
lar spine of the sphenoid. It is bounded above by the inferior
surface of the great wing of the sphenoid and temporal
squama. Medially, its floor is formed by the lateral surface of
the lateral pterygoid plate, and to a lesser extent by the pos-
terior surface of the maxilla. At its lower end can be seen the
pyramidal process of the palatine bone and the pterygoid
hamulus.

The infratemporal fossa houses a portion of the insertion
of the temporalis muscle, the lateral pterygoid muscle, the
mandibular division of the trigeminal nerve, and the maxil-
lary vessels. The foramen ovale and the foramen spinosum
open into the posterior part of the fossa. Its anterior surface
also contains posterior superior alveolar foramina through
which branches of the maxillary nerve and artery supply the
maxillary sinus, molar teeth, and surrounding tissues. The
inferior orbital fissure opens into its anterior and superior
surface. This fissure meets the vertically placed pterygomax-
illary fissure.

Fig. A1.6 Near midline
medial view of the hemisected
skull \

Crista Galli

Superior Nasal
Concba

Concba

Inferior Nasal —
Concba

Palate

At the medial end of the pterygomaxillary fissure lies the
pterygopalatine fossa. It houses the pterygopalatine (spheno-
palatine) ganglion. This ganglion contains the cells with
which the preganglionic parasympathetic fibers originating
from the facial nerve (greater superficial petrosal, nerve of
the pterygoid canal) synapse. Postganglionic fibers supply
the lacrimal gland and the minor glands of the nasal, pharyn-
geal, and palatal mucosa. Accompanying these motor fibers
are sensory fibers from the maxillary division of the trigemi-
nal nerve, so these branches are mixed nerves. Many of the
terminal branches of the maxillary artery accompany these
nerves.

The fossa communicates with the orbit above and anterior
through the inferior orbital fissure through which branches
of the maxillary nerve and artery enter the orbit. It communi-
cates with the nasal cavity medially through the sphenopala-
tine foramen, and with the infratemporal fossa through the
pterygomaxillary fissure. On the posterior wall of the fossa
are the foramen rotundum (through which the trunk of the
maxillary nerve enters the fossa), the pterygoid canal, and
pharyngeal canals. (Small vessels and nerves pass through
the pharyngeal canals to innervate the superior pharynx.)
Inferiorly, the fossa communicates with the palate through
the greater (anterior, descending) palatine canal, which
opens onto the palate through the greater palatine foramen.
Parallel to the greater palatine canal, and behind it, is often a
smaller canal for the lesser palatine nerve and vessels.
Finally, nerves and vessels from the fossa pass inferiorly on
the posterior surface of the maxilla to enter the posterior
superior alveolar foramina. They subsequently travel in the
lateral wall and floor of the maxillary sinus to reach the api-
ces of the molar teeth.

Cribriform plate

Groove for Middle
~ Meningeal Artery

Sella Turcica
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Mixed branches of the maxillary nerve, usually accompa-
nied by branches of the maxillary artery and vein, are distrib-
uted through these openings. The posterior superior nasal
branches pass through the sphenopalatine foramen to supply
the nasal cavity. A continuation of this nerve, the nasopala-
tine branch, descends on the nasal septum after passing
across the roof of the nasal cavity and emerges onto the pal-
ate through the incisive foramen. A major nerve and artery
pass through the inferior orbital fissure and enter the infraor-
bital canal to emerge on the face as the infraorbital nerve and
artery. In the canal, they give off anterior (and often middle)
superior alveolar branches that reach the anterior and premo-
lar teeth through canals in the lateral and anterior walls of the
maxillary sinus. A zygomatic branch of the maxillary nerve
originates in the pterygopalatine fossa, passes into the orbit,
and enters the zygoma. This nerve emerges onto the face as
zygomaticotemporal and zygomaticofacial branches. (A
parasympathetic component that accompanies the infraor-
bital and zygomatic nerves joins the lacrimal branch of the
ophthalmic division of the trigeminal nerve to innervate the
lacrimal gland.) Other branches of the maxillary nerve pass
posteriorly through the pharyngeal canals to the pharyngeal
wall, inferiorly through the greater palatine canals to supply
the palate, and into the posterior superior alveolar foramina
to supply the molar teeth and the surrounding tissues.

The Mandible

The mandible consists of a major buttress extending from the
condyle to the chin and three processes: alveolar, coronoid,
and condylar. It can also be described as a U-shaped body
with a vertical ramus on each side. The anterior end of the
major buttress is thickened to form the mental protuberance.
The protuberance is triangular, with its apex pointing superi-
orly in the midline, and its base directed toward the lower

Fig. A1.7 Mandible: lateral
view

Alveolar Part

Mental Foramen

border of the mandible. At its lateral and inferior angles, the
protuberance is accentuated to form mental tubercles. The
symphysis is the region in which the embryonic halves of the
mandible are fused. The articular condyle (the condyle and
the neck of the condyle constitute the condylar process) is
elongated from medial to lateral ends. The alveolar process
of the mandible houses the roots of the mandibular teeth.

The mandibular (sigmoid) notch separates condylar from
coronoid processes. The temporal muscle inserts on the
medial and lateral aspects of the superior end of the coronoid
process, and to its anterior border down to the level of the
third molar. The angle of the mandible is the junction
between the ramus and the body of the mandible. The is the
area most frequently fractured often involving the alveolus
of the third molar (Figs. A1.7 and A1.8).

On the lateral surface of the mandible is the external
oblique line (the depressor anguli oris is attached to its ante-
rior end, the buccinator to its posterior 3/4) and the mental
foramen (through which a sensory branch of the inferior
alveolar nerve exits). The depressor labii inferioris and the
mentalis muscles attach over the roots of the incisor teeth.

On the medial surface of the ramus, the temporal crest runs
downward from the tip of the coronoid process. Behind the
second or third molar is the retromolar triangle, a widening of
the temporal crest. The mandibular foramen is the entrance
into the mandibular canal for the inferior alveolar nerve and
vessels, and the lingula, a small process of bone, anterior and
superior to the foramen, to which is attached the sphenoman-
dibular ligament. Running inferiorly and anteriorly from the
mandibular foramen is the mylohyoid groove for the mylohy-
oid nerve and vessel. On the body of the mandible is the
mylohyoid line for the origin of the mylohyoid muscle. Below
it is the submandibular fossa for the submandibular salivary
gland. In the midline below the incisor teeth are the mental
spines (genial tubercles) for the attachment of the genioglos-
sus and geniohyoid muscles. Below and lateral to these spines

Coronoid Process

Condylar Process

Ramus

Body
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Fig. A1.8 Mandible: Coronoid
posterior view
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is the digastric fossa for the origin of the anterior belly of the
digastric muscle. (The mylohyoid muscle separates the digas-
tric from the geniohyoid muscles.) (Fig. A1.9).

Cervical Vertebrae

Of the seven cervical vertebrae, the first (atlas) and second
(axis) are modified, while C3 through C7 are similar to each
other. On each side of the body of C3 through C7, a vertebra
displays a pedicle extending laterally and posteriorly. The
pedicles are notched above and below to form an interverte-
bral foramen that transmits a spinal nerve. Projecting later-
ally from the pedicle and body is a transverse process

Incisive Nerve (first
premolar, incisor,
and canine teeth)

Mental Nerve

Nerves to Mandibular Teeth
(three molar and second premolar) &
Gingiva

perforated by a foramen transversarium for the vertebral
artery. The process ends in anterior and posterior tubercles
for attachment of the muscles that rotate the neck. The verte-
bral artery may be torn in these foramina during a “whip-
lash” type of injury. While the 7th cervical vertebra has a
foramen in its transverse process, the vertebral artery does
not pass through it. Extending posteriorly and medially from
the pedicle is a lamina that joins its mate in the midline and
forms the bifid spinous process for the attachment of the
ligamentum nuchae and the muscles that extend the neck.
The pedicles and laminae form the vertebral arch that houses
the spinal cord.

In life, the laminae are joined by ligamentum flavae, and
the bodies, with the intervening fibrocartilage intervertebral
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Fig. A1.10 Lateral view: Anterior
cervical vertebrae and hyoid
bone
Lesser Cornu
Body of Hyoid
Bone

Greater Cornu

discs, are joined by anterior and posterior longitudinal liga-
ments. At the junction of the pedicle and the lamina are supe-
rior and inferior articular processes. Note that the joints
formed by these articular surfaces face up and back.

The atlas (C1) consists of an anterior arch (it has no body),
two lateral masses, and a posterior arch. Anteriorly, the ante-
rior arch displays a tubercle for the attachment of the anterior
longitudinal ligament, posteriorly, an articular facet for the
dens of the axis (C2) and two tubercles for attachment of the
transverse ligament that retains the dens. The posterior arch
has no spine, but it does have a posterior tubercle for the
attachment of the ligamentum nuchae. The posterior arch has
a broad depression on its superior surface for the vertebral
artery and the first cervical nerve. Each lateral mass extends
laterally as a prominent transverse process, pierced by a fora-
men transversarium. This transverse process can be palpated
in life between the angle of the mandible and the mastoid
process. The superior articular facet of the lateral mass artic-
ulates with the occipital condyle; nodding motion occurs at
the joint. The inferior articular facet faces medially, meeting
the superior articular facet of the axis; rotational motion
occurs at this joint.

The axis (C2) possesses a body, pedicles, laminae, a
spine, and articular facets. The prominent dens extends
upward from the body. The dens has an articular facet anteri-

Posterior

AXis

pinous Process

Superior Articular
Surface

Inferior Articular
Surface

Transverse Process

orly, which meets the facet on the anterior arch of the atlas.
The dens is constricted for the transverse ligament. The large
superior articular facet is anterior to the inferior facet, which
is located at the junction of pedicle and lamina. The laminae
are particularly thick, and the pedicles are notched to form
intervertebral foramina. The transverse processes are small.
The bifid spine is large since it is the terminal attachment for
the posterior vertebral muscles; because the atlas rotates on
the axis, some of these muscles do not extend beyond the
axis to the skull (Fig. A1.10).

The Hyoid Bone

The hyoid bone consists of a body and two processes, the
greater and lesser horns (cornu). It is suspended from above by
the suprahyoid muscles and anchored below by the infrahyoid
muscles. It serves as the insertion for the stylohyoid muscle
that forms a sling for the intermediate tendon of the digastric
muscle. It is connected with the thyroid cartilage by the thyro-
hyoid membrane, with the tongue by the hyoglossus muscle,
and it is the anterior attachment of the middle constrictor mus-
cle of the pharynx. The stylohyoid ligament is attached to the
lesser horn. While nine muscles attach to this bone, none cross
it; its lateral and anterior surfaces are subcutaneous.
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Major Blood Vessels of the Head and Neck

This appendix describes the distribution of the major blood ves-
sels of the head and neck. More details of the smaller vessels are
provided in the specific regional chapters within the book.

In the upper thorax, the arch of the aorta gives off three
major branches. The first is the brachiocephalic (innominate)
artery that divides into the right subclavian and the right

Fig. A2.1 Right side view of
subclavian artery branches
ascending into the neck

Ascending Pharyngeal
Artery

Internal Carotid
Artery

External Carotid
Artery

Vertebral Artery

Subclavian Artery

Suprascapular Artery
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common carotid arteries. The left common carotid and the
left subclavian are the second and third branches.

Subclavian Artery
The subclavian artery (Fig. A2.1) is divided arbitrarily into

three parts according to its relationship with the scalenus

Internal Maxillary
Artery

Occipital Artery

Posterior Auricular
Artery

Facial Artery

Lingual Artery
Superior Thyroid
Artery
Inferior Thyroid
Artery
Thyrocervical Trunk
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anterior muscle. The first part is medial to the scalenus ante-
rior, the second part posterior, and the third part lateral.

The first part of the subclavian artery typically gives off
three branches: vertebral, internal thoracic, and thyrocervical
trunk. The vertebral artery ascends through the foramina
transversari of the cervical vertebrae and passes through the
foramen magnum to enter the cranial cavity. It supplies the
spinal cord and the brain. The internal thoracic artery
descends to supply muscles in the anterior thoracic wall.

The thyrocervical trunk has three branches: inferior thy-
roid, suprascapular, and superficial cervical. The inferior thy-
roid supplies the infrahyoid muscles, the thyroid gland, and
the lower larynx and pharynx. The suprascapular and superfi-
cial cervical arteries supply the muscles of the shoulder.

The second part of the subclavian artery gives off the cos-
tocervical trunk that supplies muscles in the upper thoracic
wall and back of the neck by way of its supreme intercostal
and deep cervical branches.

The third part of the subclavian artery has a descending
(dorsal) scapular branch that supplies muscles of the shoul-
der. This vessel may leave the thyrocervical trunk in a com-
mon origin with the superficial cervical artery. The combined
vessel is then called the transverse cervical artery.

Carotid Artery and Branches

The common carotid artery (Fig. A2.1) divides into the inter-
nal and external carotids. The internal carotid has no impor-
tant branches before reaching the cranial cavity. The internal

Fig. A2.2 Lateral view of
right side of head illustrating
the carotid arteries and the
superficial branches of the
external carotid artery

Parietal Branch of Superficia
Temporal Artery

Frontal Branch of Superficial
Temporal Artery.

carotid supplies the cranial contents and, by way of its oph-
thalmic branch, the orbital contents.

The external carotid artery (Fig. A2.2) supplies the face,
most of the neck, and the exterior of the head. From below
upward, it has the following major branches: superior thy-
roid, ascending pharyngeal, lingual, facial, occipital, and
posterior auricular. The external carotid ends by dividing
into superficial temporal and maxillary arteries.

The superior thyroid artery supplies the thyroid gland and
the surrounding muscles. It has a superior laryngeal branch
supplying the larynx.

The ascending pharyngeal artery is the smallest branch of
the external carotid, and it supplies the wall of the pharynx.
It sends minor branches into the tympanic cavity and through
foramina in the base of the skull to supply the meninges.

The lingual artery supplies the tongue and the floor of the
mouth. It has dorsal lingual branches, which supply the dor-
sum of the tongue and the adjacent pharynx, a sublingual
branch supplying structures in the floor of the mouth, and it
ends as the deep lingual.

The facial artery has branches, which supply the wall of
the pharynx in the region of the tonsils, a submental branch
supplying structures in the floor of the mouth, superior and
inferior labial branches to the upper and lower lips, and a
number of unnamed branches supplying the muscles of facial
expression.

The occipital artery supplies the posterior portion of the
scalp and the adjacent muscles and the middle ear.

The posterior auricular artery is small and supplies the
parotid gland and the adjacent muscles.

Orbital Branch of Superficial
Temporal Artery

Transverse Facial Branch of
uperficial Temporal Artery
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Occipital Artery Artery
Posterior Auricular Facial Artery
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The superficial temporal artery supplies the muscles and
skin in the temporal region and the more posterior muscles of Facial Vein
facial expression.
External Jugular.
Vein

Maxillary Artery

Internal Jugular

The maxillary artery has a large number of branches and sup-
plies the deep structures of the face, terminating as the spheno-
palatine artery. It sends branches into the middle ear, a large
middle meningeal artery to supply the dura, an inferior alveolar
branch to supply the lower jaw, teeth and lip, branches to the
muscles of mastication, and smaller branches to the upper
pharynx and the nasal cavity. The buccal branch of the maxil-
lary artery supplies the cheek, the posterior superior alveolar
branch supplies the molar teeth and surrounding structures, the
infraorbital artery supplies the middle third of the face, and the
greater palatine artery the palate. The infraorbital artery also
sends superior alveolar branches to the upper incisor, canine
and premolar teeth as well as to the surrounding soft tissues.

Venous Drainage

The superficial face is drained by the facial vein that com-
municates with the orbital veins through the supraorbital and
infraorbital foramina. The scalp and skin of the temporal
region are drained by the superficial temporal vein. The
superficial temporal and maxillary veins join to form the ret-
romandibular vein. The retromandibular vein divides below.
Its anterior limb joins the facial vein to form a common
facial, which drains into the internal jugular. The posterior
limb of the retromandibular vein joins the posterior auricular
vein to form the external jugular vein.

The internal jugular vein (Fig. A2.3) drains the cranial
contents, including the cavernous sinus that communicates

Vein
Anterior Jugular.
Vein

Right Subclavian
Vein

Superior Vena Cava

Fig. A2.3 Anterior view of major veins of the neck

with the veins of the orbit and the veins in the infratemporal
fossa. The venous sinuses of the dura also drain into the
internal jugular.

For the most part, the branches of the external carotid
artery are accompanied by veins with the same names. The
veins are less predictable in their positions and courses, and
commonly intercommunicate. Those in the infratemporal
fossa form the pterygoid plexus surrounding the lateral pter-
ygoid muscle. This plexus drains into the maxillary vein that
drains into the retromandibular vein.

The external jugular vein drains into the subclavian. Just
before joining the subclavian, it is joined by the anterior jug-
ular, a small vein draining anterior structures in the neck. The
internal jugular and the subclavians join to form the brachio-
cephalic vein. The subclavian vein is a continuation of the
axillary vein. The two brachiocephalic veins join to form the
superior vena cava.
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Oculomotor Nerve (CN III)

Fibers from the oculomotor nucleus (somatic motor) supply
all of the extrinsic muscles of the eye except the lateral rectus
and the superior oblique (Fig. A3.1). Parasympathetic (vis-
ceral motor) fibers from the nucleus of Edinger-Westphal
supply the ciliary muscles, those which relax the lens for
near vision, and the constrictor muscles of the pupil (sphinc-
ter pupillae) as shown in Fig. A3.2. The oculomotor nerve
passes through the wall of the cavernous sinus where it is
joined by sympathetic fibers from the carotid plexus. Within
the orbit, branches supply the extrinsic eye muscles.
Sympathetic fibers (Fig. A2.3) continue to the dilator pupil-
lae muscle, and other fibers join the branch to the superior
palpebral muscle.

Fig. A3.1 Lateral view of the
orbit illustrating the extrinsic
muscles of the eye and the
oculomotor nerve

Oculomotor
nerve

Trigeminal
ganglion
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The somatic motor nucleus of CN III is located in the
midbrain. The nerve fibers course through the dura mater,
over the hypophysis, and through the cavernous sinus. The
oculomotor nerve emerges from the lateral wall of the cav-
ernous sinus and passes through the superior orbital fissure
to enter the orbit. It passes between the two heads of origin
of the lateral rectus muscle. It divides into upper and lower
divisions. The upper division sends branches to the superior
rectus and levator palpebrae muscles. The lower division
sends a branch to the medial rectus muscle, a branch to the
inferior rectus muscle, and a branch passing along the lateral
border of the inferior rectus muscle to the inferior oblique
muscle. The parasympathetic fibers of the oculomotor nerve
synapse on cell bodies in the ciliary ganglion. The ganglion
is above the lateral border of the inferior rectus muscle

Medial
rectus

Levator
palpebrae sup.

Superior
rectus

Superior
oblique

Inferior
oblique

Inferior
rectus

Lateral
rectus

Ciliary
ganglion
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Fig. A3.2 Pathway of parasympathetic innervation of the eye

between the lateral rectus and the optic nerve, usually on the
lateral side of the ophthalmic artery, about 1 centimeter ante-

Dilator
pupillae

. sympathetic
carotid plexus

Fig. A3.3 Pathway of sympathetic innervation of the eye

rior to the apex of the orbit. It can sometimes be identified by
the presence of the delicate short ciliary nerves that attach it
firmly to the sclera of the posterior surface of the eye.
Postganglionic fibers supply the muscles of the lens and the
constrictors of the pupil.
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Trochlear (CN IV) and Abducent (CN VI)
Nerves

Aside from their somewhat mysterious proprioceptive com-
ponents, these nerves are beautifully simple. Their cell bod-
ies are in the trochlear and abducent (somatic motor) nuclei.
Those from the trochlear nucleus (in the midbrain) supply
the superior oblique muscle (Fig. A4.1). Fibers from the
abducent nucleus (in the pons) innervate the lateral rectus
muscle (Fig. A4.2). The trochlear nerve is the smallest cra-
nial nerve and the only one attached to the dorsal surface of
the brain stem.

The trochlear nerve enters the orbit through the superior
orbital fissure above the origin of the lateral rectus muscle. It
then passes medially above the levator palpebrae to enter the
medial surface of the superior oblique muscle in its posterior
third. The superior oblique is the only muscle supplied by
this nerve.

Levator
Palpebrae Sup.

Superior
Oblique

Superior Rectus

Trochlear Nerve

Inferior

Rectus Inferior

Oblique

Medial

Lateral Rectus Rectus

Fig. A4.1 Lateral view of the orbit showing the extrinsic muscles of
the eye and the trochlear nerve
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Abducens
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Inferior
Rectus

Inferior

Medial
eda Oblique

Lateral Rectus Rectus

Fig. A4.2 Lateral view of the orbit showing the extrinsic muscles of
the eye and the abducens nerve

The abducent nerve passes through the superior orbital
fissure and enters the orbit between the two heads of origin
of the lateral rectus muscle. It enters the medial surface of
the lateral rectus in its posterior half. The lateral rectus is the
only muscle supplied by this nerve.

Muscle spindles are present in the extraocular muscles,
but the proprioceptive pathways are not known.
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Appendix 5

Trigeminal Nerve (CN V)

The trigeminal nerve has a somatic sensory component,
which supplies much of the scalp, dura, face, oral and nasal
cavities and associated sinuses, upper and lower jaws, teeth,
and the anterior two-thirds of the tongue. The first cell bodies
for the somatic sensory component are in the trigeminal
(semilunar, Meckel’s) ganglion, and the second cell bodies
are in the main sensory or spinal nucleus of the trigeminal
nerve. The trigeminal nerve also distributes special sensory
fibers (taste) from the facial nerve (CN VII). In addition, the
trigeminal nerve carries postganglionic parasympathetic
fibers throughout the head as described below. The nerve
consists of three divisions: ophthalmic (V1), maxillary (V2),
and mandibular (V3). The sensory distribution of the nerve
divisions is shown in Fig. A5.1. The mandibular division also

Green: V1
Blue: V2

Red: V3

Pink: Cervical

Fig. A5.1 Sensory distribution of the divisions of the trigeminal nerve
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carries somatic motor fibers to the derivatives of the first pha-
ryngeal (branchial) arch: muscles of mastication (masseter,
temporalis, lateral, and medial pterygoids), anterior belly of
the digastric, mylohyoid, tensor veli palatini, and tensor tym-
pani. All three divisions have sensory branches from the
meninges.

Ophthalmic Division

The ophthalmic division of the trigeminal nerve (Fig. A5.2)
is the smallest and most superior division. After leaving the
lateral wall of the cavernous sinus, it divides into three
branches, the lacrimal, frontal, and nasociliary nerves and
passes through the superior orbital fissure into the orbit.
These nerves are sensory, supplying the eyeball, conjunctiva,
lacrimal gland, nasal mucosa, part of the external nose, and
the skin of the upper eyelid, forehead, frontal sinus, scalp,
and meninges.

The lacrimal nerve enters the orbit through the lateral end
of the superior orbital fissure. It passes along the upper bor-
der of the lateral rectus muscle to the lacrimal gland. Its ter-
minal cutaneous branch ends in the upper lid. This nerve also
carries postganglionic parasympathetic fibers from the ptery-
gopalatine ganglion to the lacrimal gland. The preganglionic
fibers are from the facial nerve (CN VII) via the greater
petrosal nerve.

The frontal nerve passes through the superior orbital fis-
sure and runs anteriorly above the levator palpebrae. About
halfway through the orbit, it divides into a small supratroch-
lear branch and a larger supraorbital branch. The supraorbital
branch emerges from the orbit through the supraorbital notch
or foramen beneath the frontalis muscle. It supplies the skin
of the forehead and much of the scalp, and sends branches to
the frontal sinus as well as to the conjunctiva of the eye.

The small supratrochlear branch supplies the skin medial
to the eye and sends branches to the upper lid and forehead.
It also sends branches to the conjunctiva of the eye. (The
superior oblique extra-ocular muscle of the orbit makes a
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Fig. A5.2 The ophthalmic
division of the trigeminal
nerve (CN V)
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bend in the orbit, passing through a connective tissue loop
called the trochlea.) This nerve emerges above the attach-
ment of the trochlea to the medial wall of the orbit.

The nasociliary nerve passes through the superior orbital
fissure near its center. It crosses above the optic nerve from
lateral to medial, and passes to the medial wall of the orbit. It
ends as the very small infratrochlear cutaneous nerve. It
gives off an anterior ethmoidal branch that enters the anterior
ethmoidal foramen. This nerve re-enters the cranial cavity,
passes along the cribriform plate, and exits the skull to enter
the nasal cavity. It appears ultimately as the external nasal
cutaneous branch. The small external nasal termination of
the nasociliary branch of the ophthalmic division supplies
the skin at the tip of the nose and the vestibule of the nose. It
emerges at the lower edge of the nasal bone, between the
bone and the cartilage forming the tip of the nose.

A very small posterior ethmoidal branch leaves the trunk
of the nasociliary nerve to enter the posterior ethmoidal fora-
men. The most important branches of this nerve are a num-
ber of very fine sensory fibers (ciliary nerves) that pass to the
eyeball, especially the cornea, where they are responsible for
the initiation of the blink reflex.

Maxillary Division

The maxillary division of the trigeminal nerve (Fig. A5.3)
supplies sensation to the midface, maxillary teeth, upper
lip, maxillary gingiva, mucous membranes of the nasal cav-

Mandibular
division (V,)

Maxillary
division (V,)

ity, palate and roof of pharynx maxillary and sphenoidal
sinuses, and meninges. The maxillary division enters the
pterygopalatine fossa through foramen rotundum. The
trunk of this nerve passes anteriorly through the inferior
orbital fissure and infraorbital groove and canal to become
the infraorbital nerve. In the orbit, it gives off the zygo-
matic branch that supplies the skin over the side of the face
via its terminal branches, the zygomaticotemporal and
zygomaticofacial nerves. In the infraorbital canal, it also
gives off anterior and middle superior alveolar branches
that supply the maxillary incisor, canine and premolar
teeth, and facial gingival. In the pterygopalatine fossa, the
maxillary nerve gives off one or more posterior superior
alveolar nerves that enter the tuberosity of the maxilla
through small foramina. These nerves supply the maxillary
sinus and the maxillary molar teeth and facial gingival. The
maxillary nerve also gives off greater and lesser palatine
branches to the hard and soft palate and small branches that
supply the mucous membrane of the upper pharynx and the
posterior portion of the nasal cavity.

Parasympathetic fibers from the facial nerve, the
greater superficial petrosal nerve, enter the pterygopala-
tine fossa through the pterygoid canal to synapse on cell
bodies in the pterygopalatine ganglion. Postganglionic
fibers from the ganglion are distributed with all the
branches of the maxillary nerve to innervate the lacrimal
gland and the minor salivary glands of the upper pharynx,
nasal fossa, maxillary sinus, palate, upper gingiva, lip,
and cheek (Figs. A5.4 and AS.5).
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Fig. A5.3 Maxillary division
of the trigeminal nerve (CN
V)
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The mandibular nerve (Fig. A5.6) is motor to the muscles of
mastication, to the mylohyoid and anterior digastric muscles,
to the tensor tympani in the middle ear, and to the tensor veli
palatini in the soft palate. It is sensory to the lower jaw and
teeth, the anterior 2/3 of the tongue, and the lower 1/3 of the
face including the lower lip. As it leaves the foramen ovale,
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it divides into anterior and posterior trunks. The anterior
trunk sends a sensory branch to the cheek, the buccal nerve.
Its other branches are motor to the masseter, temporal, and
medial and lateral pterygoid muscles.

The posterior trunk gives off the auriculotemporal nerve
immediately below the foramen ovale. This nerve conveys
sensory fibers to the skin over the temple and to the temporo-
mandibular joint, and it conveys parasympathetic fibers from
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the otic ganglion to the parotid gland. (The otic ganglion is
on the medial surface of the mandibular nerve just below
foramen ovale. Parasympathetic fibers reach the otic gan-
glion from the glossopharyngeal nerve by way of the lesser
superficial petrosal nerve.) The auriculotemporal nerve
divides to embrace the middle meningeal artery, passes pos-
teriorly medial to the neck of the mandibular condyle, and
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If: Bul
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Filaments

Nasociliary Nerve
(from Ophthalmic)

Nasopalatine Nerve
(from maxillary)

Incisive Foramen
Fig. A5.5 Midline view of nasal septum and distribution of maxillary
nerve branches and the olfactory nerve (CN I)

Fig. A5.6 Lateral view of the

mandibular division of the

trigeminal nerve (CN V) Posterior Deep Temporal
Nerve

Superficial Temporal
Nerves

Auriculotemporal
Nerve

Facial Nerve

Nerve to Masseter

Nerve to Mylohyoid

then turns laterally and superiorly where it becomes subcuta-
neous anterior to the ear (Fig. A5.7).

The remainder of the posterior trunk divides into the lin-
gual and inferior alveolar nerves. The inferior alveolar nerve
enters the inferior alveolar (mandibular) canal by passing
through the mandibular foramen. As it enters the foramen, it
gives off the mylohyoid branch. The inferior alveolar nerve
continues in the boney canal, providing sensory fibers to the
teeth, mandible, and gingiva. It sends a terminal branch
through the mental foramen to provide sensation to the lower
lip and chin. The mental branch of the mandibular division
supplies the skin and oral mucous membrane of the lower
lip. It emerges from the mandible through the mental fora-
men beneath the depressor anguli oris muscle.

The lingual nerve passes anteriorly to enter the tongue
where it supplies sensory fibers, including taste, to the ante-
rior 2/3 of the tongue. The lingual nerve is joined from
behind by the chorda tympani nerve, a branch of the facial
nerve that left the skull through the petrotympanic fissure in
the articular fossa of the temporomandibular joint. It con-
tains taste fibers and parasympathetic fibers. The parasympa-
thetic fibers synapse on cell bodies in the submandibular
ganglion in the floor of the mouth. Fibers from the ganglion
are distributed to the major (submandibular and sublingual)
and minor salivary glands of the tongue and floor of the
mouth (Fig. A5.8).

Anterior Deep Temporal
Nerve

Deep Temporal Branch of Buccal
Nerve

Zygomaticofacial Nerve

Infraorbital Nerve

Nerve to Medial and
Lateral Pterygoid

Buccal Nerve

Lingual Nerve

Mental Nerve

Inferior Alveolar
Nerve



Appendix 5 237

Fig. A5.7 Medial view of the Trigeminal Ganglion
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Facial Nerve (CN VII)

The facial nerve (CN VII) has branchiomotor, general vis-
ceral motor (parasympathetic), somatic sensory, special sen-
sory (taste), and proprioceptive components.

The motor neurons arise from the facial nucleus (in the
pons), and supply the muscles of facial expression (including
the buccinator), platysma, posterior digastric, stylohyoid,
and stapedius (derivatives of the second pharyngeal arch).

The parasympathetic component has its primary neurons
in the superior salivatory nucleus. Some of the pregangli-
onic fibers leave the trunk of the facial nerve in the chorda
tympani, join the lingual nerve, and synapse on secondary
neurons in the submandibular ganglion. Postganglionic
fibers supply the submandibular and sublingual salivary
glands and the minor glands of the floor of the mouth, lower
gingiva and lip, cheek, and anterior two-thirds of the
tongue. Other preganglionic parasympathetic fibers leave
the facial nerve as the greater superficial petrosal nerve to
reach the pterygopalatine ganglion. Postganglionic fibers
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are distributed to the lacrimal gland and minor salivary
glands of the maxillary region with the maxillary division
of the trigeminal nerve.

Taste fibers from the anterior two-thirds of the tongue join
the lingual nerve and leave it through the chorda tympani.
Other taste fibers from the soft palate reach the facial nerve
through its greater superficial petrosal branch. The cell bod-
ies are in the geniculate ganglion, and the central fibers syn-
apse in the nucleus solitarius. The facial nerve also carries
somatic sensory fibers from the concha of the auricle.

The facial nerve (Fig. A6.1) has a long course through the
posterior cranial fossa, into the internal auditory meatus,
through the lengthy facial canal within the skull. It leaves the
skull through the stylomastoid foramen and courses for
approximately 1 cm before penetrating the parotid gland.
The nerve trunk (Fig. A6.2) branches into the posterior auric-
ular, temporal, zygomatic, buccal, mandibular, and cervical
branches to supply motor function to the muscles of facial
expression. The facial nerve also supplies the posterior
digastric, stylohyoid, and stapedius muscles.
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Cervical Plexus

The roots of the cervical plexus are composed of the anterior
(ventral) rami of C1-C5. They form a series of loops that give
rise to branches that lie anterior to the levator scapulae and
middle scalene muscles, covered by prevertebral fascia. Motor
and sensory nerves extend from these nerve loops (Fig. A7.1).

The rami arising from C2, C3, and C4 divide into
ascending and descending fibers. These combine with
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Fig. A7.1 Lateral view of cervical plexus
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fibers from neighboring rami to create loops. The superfi-
cial, posteriorly directed fibers are sensory. The lesser
occipital nerve courses superiorly over the posterior border
of the sternocleidomastoid muscle and supplies the skin of
the posterolateral scalp and the superior portion of the
external ear. The great auricular nerve travels superiorly
over the sternocleidomastoid muscle behind the external
jugular vein and supplies the skin over the parotid gland,
over the mastoid process, skin from the mastoid process to
the angle of the mandible, and the external ear. The trans-
verse cutaneous nerve courses on top of the sternocleido-
mastoid muscle, divides into ascending and descending
branches, and supplies the skin of the anterior neck from
the chin to the sternum. The supraclavicular nerves supply
the skin of the back, shoulder, and chest down to the level
of the second rib. These nerves emerge from under the ster-
nocleidomastoid muscle near its midpoint (Fig. A7.2).

Fibers from the upper cervical spinal nerves accompany
the hypoglossal nerve to form the ansa cervicalis. These
fibers join the hypoglossal nerve as it leaves the hypoglossal
canal, travel with it a short distance, and leave the nerve to
form the superior limb of the ansa cervicalis. This limb is
joined by other fibers from the upper cervical segments
(inferior limb) to form the ansa. The ansa gives rise to motor
fibers supplying the infrahyoid muscles (omohyoid, sterno-
hyoid, and sternothyroid). The fibers to the thyrohyoid and
geniohyoid muscles leave the hypoglossal nerve as a sepa-
rate branch rather than joining the fibers to the ansa. Several
of the branches from the ansa are illustrated in Fig. A7.1.

The cervical plexus also gives rise to the phrenic nerve
with contributions from C3, C4, and C5 that innervates the
diaphragm. This nerve is mixed with motor, sensory, and
sympathetic fibers. It courses across the top of the anterior
scalene muscle deep to the transverse cervical and supra-
scapular arteries and beneath the deep cervical fascia. The
C5 contribution may arise as a separate accessory phrenic
nerve, which joins the phrenic nerve as it descends.
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Glossopharyngeal Nerve (CN IX)

While the glossopharyngeal nerve has branchiomotor (to
stylopharyngeus muscle), general visceral motor (parasym-
pathetic), visceral sensory (from the tongue and pharynx), a
minor somatic sensory component (from the tongue and
pharynx), and special visceral sensory (taste) components,
the only nucleus it can call its own is the inferior salivatory,
and even those fibers are ultimately distributed with the tri-
geminal nerve.

Motor fibers from the nucleus ambiguus (branchial motor)
join the glossopharyngeal nerve to supply only the stylopha-
ryngeus muscle.

Preganglionic parasympathetic fibers from primary neu-
rons in the inferior salivatory nucleus join the glossopharyn-
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geal nerve, but leave it again as its lesser superficial petrosal
branch. These fibers synapse on neurons in the otic ganglion,
and postganglionic fibers reach the parotid gland with the
auriculotemporal nerve.

Visceral sensory fibers from the posterior third of the
tongue and the pharynx are conducted to a ganglion on the
glossopharyngeal nerve below the jugular foramen. The cen-
tral fibers reach the nucleus solitarius. Taste fibers from the
posterior third of the tongue also have cell bodies in the gan-
glion below the jugular foramen, and their central fibers also
reach the nucleus solitarius.

The glossopharyngeal nerve also contains a small somatic
sensory component from the posterior third of the tongue
and the adjacent pharynx with central connections in the spi-
nal nucleus of the trigeminal nerve.
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Appendix 9

Vagus Nerve (CN X)

The major component of the vagus nerve consists of visceral
motor (parasympathetic) fibers from cell bodies in the dorsal
motor nucleus of the vagus nerve. Through pharyngeal,
laryngeal, thoracic, and abdominal branches, these fibers
supply the glands and involuntary muscles of the respiratory
system including the larynx and trachea, the heart, and the
digestive system including the pharynx and esophagus.
Unnamed parasympathetic ganglia for these pathways are
found in the walls of the organs supplied.

The vagus nerve also contains visceral afferent fibers
from the same organs, including the pharynx and larynx
below the epiglottis and from the carotid body. By way of the
recurrent laryngeal nerve, the internal laryngeal branch of
the superior laryngeal nerve, and thoracic and abdominal
branches, they reach cell bodies located in two ganglia within
and just below the jugular foramen and subsequently the
nucleus solitarius. The internal laryngeal nerve contains the
fibers of general visceral sensation from the region between
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the epiglottis and the vocal folds. The recurrent laryngeal
nerve contains afferent fibers from the larynx below the
vocal folds.

The vagus nerve also contains some special visceral affer-
ent fibers (taste) from the epiglottis (internal laryngeal
nerve), and some somatic sensory fibers from the external
surface of the tympanic membrane (auricular branch).
Sensory fibers from the tympanic membrane are of little sig-
nificance except that syringing the ear will occasionally
cause coughing or vomiting.

Branchial motor fibers supply the constrictor muscles of
the pharynx, the muscles of the soft palate, and the intrinsic
muscles of the larynx. The fibers leave the brain stem with
the accessory nerve, join the vagus, and subsequently become
incorporated into 1) the pharyngeal branch of the vagus sup-
plying muscles of the pharynx and soft palate (except for the
tensor palatini and the stylopharyngeus); 2) the superior
laryngeal nerve, then its external laryngeal branch supplying
the cricothyroid muscle; and 3) the recurrent laryngeal nerve
supplying the remaining intrinsic muscles of the larynx.
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Appendix 10

Hypoglossal Nerve (CN XII)

This nerve has one nucleus and takes a forthright course to
its destination. Fibers from the hypoglossal nucleus (somatic
motor) innervate the extrinsic and intrinsic muscles of the
tongue, except the palatoglossus, which is embryologically a
muscle of the palate supplied by the vagus nerve.

The hypoglossal is joined, after it leaves the skull through
the hypoglossal canal, by fibers from the ventral rami of the
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first and second cervical nerves. These fibers subsequently
leave the hypoglossal nerve and descend to form a loop with
descending fibers from the ventral rami of the second and
third cervical nerves. The loop is the ansa cervicalis, and
fibers from it innervate all of the muscles joining the clavicle
to thyroid cartilage to hyoid bone to mandible, except the
digastric (trigeminal and facial nerves) and mylohyoid (tri-
geminal nerve). These “strap muscles” are the omohyoid,
sternothyroid, sternohyoid, thyrohyoid, and geniohyoid.
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A Blepharoplasty, 175
Abducent nerve, 231 anatomical consideration, 175, 177
Accessory mandibular nerve blocks, 29, 30 anesthesia, 177
Accessory nerve, 101 complications
Acidified vasoconstrictor-containing local anesthetics, 9 blepharoptosis, 180
Acquired methemoglobinemia, 54, 55 infection, 180
Acrochordons, 72 lid malposition, 180
Afferent sensory fibers, 51 retrobulbar hemorrhage, 179
Aging, 71, 177 indications, 177
Akinosi nerve block, 28, 29 lower lid blepharoplasty, 177, 179
Alaeque Nasi, 111 patient evaluation, 177
Albuterol, 140 postoperative care, 179
Allergan, 127 upper lid blepharoplasty, 177, 178
Allergy to local anesthetics, 55 Blepharoptosis, 180
Alloplastic augmentation, 195, 196 Blood supply, perioral region, 94
Alopecia, 163 Bony junctions, 150
Alveolar nerve injection., 58 Botox, 123
Anagen, 68 BTX-A and BTX-B production, 124
Androgenic alopecia, 205, 207 BTX-A treatment, adverse effects of, 124, 125
Angular artery, 76 complications, 129
Ansacervicalis, 42, 43 Crow’s feet/periorbital rhytids, 127
Anterior auricular artery, 87 dilution technique, 124
Anterior scalene muscle, 97 glabella, 127, 128
Anterior superior alveolar nerve block, 35 indications/contraindications/adverse events, 124
Anterior triangle, 98 injection technique
Antibacterial soap, 158 anatomic sites and general dosage ranges, 125, 126
Antimicrobial peptide dermcidin, 69 dosing, 125
Apocrine sweat glands, 70 longevity of effect, 127
Aponeurosis (Galea), 70 posttreatment instructions, 126, 127
Arrector pili, 69 non-cosmetic indications, 128, 129
Arterial supply to the external nose, 81 patient evaluation, 127
Articaine solutions, 11 pharmacology, 123, 124
Articular disc, 119 Botulinum toxin, 123
Articular fossa, 118-119 Brachiocephalic vein, 106
Arytenoid cartilages, 96 Brow lift, see Forehead and eyebrow lift techniques
Auricle, 86, 87 Brow ptosis, 149, 150

aligns, 186 Buccal branch, 113, 114

anatomy of, 184186 Buccal fat pad, 170

extrinsic muscles of, 86 Buccal nerve, 35, 93
Auriculocephalic angle, 186 Buccinator muscle, 93, 111
Auriculotemporal and buccal nerves, 36, 112 Bulb, 68
Auriculotemporal nerve, 35, 37, 86, 88, 155 Bunny lines, 126

Bupivacaine, 12

B
Base-loading dental syringes, 17 C
Benign neoplasms, 72 Calcium hydroxyapatite (CaHA), 134, 196
Benzocaine, 8 Capsulopalpebral fascia, 176
Benzocaine-associated methemoglobinemia, 54 Carotid artery, 106
Bilateral sagittal split osteotomy, 193 Carotid sheath, 100
Bilateral superior lateral nasal cartilage, 79 Cartilage-cutting techniques, 187, 188
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Cartilage-sparing techniques, 187
Catagen, 68
Catechol-O-methyltransferase (COMT), 11
Cavernous sinus, 76
Cell’s dendritic processes, 67
Cervical branch, 114
Cervical nerves, 101
Cervical plexus, 41, 42, 101, 241, 242
Cervical sympathetic trunk, 103
Cervical vertebra transverse processes, 42
Cervical vertebrae, 222, 223
Cervicomental angle, 199
Chassaignac’s tubercle, 43
Cheek augmentation, 136
Chemical brow lift, 125-126
Chin, 138
Chin augmentation
alloplastic augmentation, 195, 196
anatomy, 191, 192
anesthesia, 192
osseous augmentation, 192—-194
postoperative management, 197
preoperative assessment, 192
soft tissue filler augmentation, 196
Chondrolaryngoplasty, 50
Chongchet and stenstroem techniques, 188
Ciliary body muscles, 76
Ciliary glands, 73
Clear cells, 69
CO, laser, 179
Coban® or Ace type wraps, 162
Cocaine, 8
Compound melanocytic nevus, 72
Compound nevus, 72
Concha, 86
Conchomastoid, 187
Conchoscaphoid, 187
Conjunctival sacs, 73
Contact dermatitis, 148
Corrugator supercili, 75, 111, 153, 157
Cosmetic otoplasty, 183
Costocervical trunk, 106
Cricoid cartilage, 95
Cricothyroidotomy, 95, 96
Crow’s feet, 127

Cystic fibrosis transmembrane regulator (CFTR), 70

Cytocrine secretion, 67

D

Dark cell, 69

Dark skin, 67

Davis otoplasty, 189

Davis procedure, 188

Deep cervical fascia, 100
Dental cartridges, 17
Deoxycholic acid, 197
Depressor anguli oris, 111, 126
Depressor labii inferioris, 111
Depressor supercilii, 153
Dermal papilla, 67, 68

Dermis, 67, 68, 71

Descending scapula r artery, 106
Desmarres retractor, 179
Desmosomes, 66
Desquamation, 65

Diffuse unpatterned alopecia (DUPA), 206
Donor strip, slivering of, 210

Dorsal nasal artery, 76

Dysport, 123

E

Ear
concept of field block, 37, 38
cutaneous innervation, 37

Eccrine sweat glands, 69, 70
coiled secretory segment, 69
duct segment, 69

Elastic cartilage, 86

Elastomeric infusion pumps, 13

Electrocautery, 179

Encapsulated sensory receptors, 71

Endoscopic forehead and brow lift technique, 150, 158—162

Endoscopy, 149, 158, 185
Epiboly, 144
Epidermal appendages, 68-70

Epidermal derivatives (epidermal appendages), 68—70

Epidermal ridges/rete pegs, 67
Epidermis
keratinocytes, 66
keratohyalin granules, 66
lamellar bodies, 66
Langerhans’ cells, 67
layers, 66
melanocytes, 66
Merkel’s cells, 67
stratum basale, 66
stratum granulosum, 66
stratum spinosum, 66
Epiglottis, 96
Epinephrine, 11, 140
catecholamine neurotransmitter, 10
concentrations, 10
maximum dosing, 10
vasoconstrictive impact, 10
Epithelial Na*channel (ENaC), 70
Er:YAG lasers, 144
Ethmoid air cells, 83
Ethmoidal infundibulum, 83
Eumelanin, 67
Eutectic formulations, 8
Evolus, 124
Exparel®, 13, 14
External auditory canal, 86, 88
External carotid artery, 115
External ear, 86, 183
arterial distribution, 87
auricle, 86, 87
auricle, extrinsic muscles of, 86
external auditory canal, 88
lateral view, 86
sensory nerves of, 87
temporal bone, lateral surface of, 88
tympanic membrane, 89
External jugular, 106
External nasal nerve, 31, 112
Eyeball, 73

Eyebrow lift techniques, see Forehead and eyebrow

lift techniques
Eyelashes, 73
Eyelids, 73
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F
Facelift, 167
anatomy, 109
anatomic considerations, 170, 171
anatomic layers, 167
facial nerve and muscle innervation, 167, 168
muscles and ligaments, 169
retaining ligaments, 170
vascular supply, 169, 170
venous drainage, 170
techniques, 171-173
Facial artery, 94, 106, 114, 138, 169
Facial cosmetic surgeon
facial anatomy, 131, 132
lower face, 134
materials, 134, 135
midface, 132, 133
techniques, 135
cheek, 136
chin/jaw, 138
complications, 138-140
nasolabial fold, 137
nose, 136
periorbital, 136
upper face, 132, 133
Facial expression, 109-115
Facial fillers, 134
Facial nerve, 37, 78, 101-102, 109, 239, 240
frontal/temporal branch of, 156
and muscle innervation, 167, 168
paralysis, 58
Facial resurfacing
pre-procedure considerations, 145, 146
procedural technique, 146, 147
rehabilitation and recovery, 147, 148
Facial rhytids, 123
Facial symmetry, 191
Facial vein, 76, 94, 106
Filaggrin, 66
Follicular bulge, 69
Follicular unit transplantation (FUT), 205, 208, 209
recipient site preparation, 211
follicular unit extraction for, 210, 211
Forehead and eyebrow lift techniques
anatomic and esthetic considerations, 150
bone anatomy, 150-152
complications, 162, 163
endoscopic anatomy, 156-158
endoscopic forehead and brow lift technique, 158-162
endoscopy, 149
muscle and fascial anatomy, 152, 153
postoperative care, 162
rejuvenation of upper third of face, 149
vessel and nerve anatomy, 154—156
Forehead depressor muscles, 153
Fractional photothermolysis, 143
Free nerve endings, 70
Frontal sinuses, 83
Frontalis muscle, 125, 169
Frontalis muscle belly of the occipitofrontalis muscle, 75
Fronto-zygomatic suture line, 151
Furnas technique, 187

G

Galeal fascia, 152

Genioplasty, 191-193, 197
Glabella, vertical rhytids in, 160

Glabellar region muscles, 75

Glands of Moll, 70

Glossopharyngeal nerve, 243

Gow-Gates mandibular nerve block, 27, 28

Gow-Gates technique for mandibular anesthesia, 57

Graft harvest, 208

Great auricular nerve, 31, 37, 87, 113, 170
Greater palatine foramen, 20

Greater palatine nerve, 20, 21

H
Hair follicles, 65, 68, 69
hair restoration, 208
structure, 68
Hair restoration
follicular unit transplantation, 209
follicular unit extraction for, 210, 211
recipient site preparation, 211
hair follicle, 208
history of procedure, 205
procedure and anatomical consideration
graft harvest, 208
graft placement, 209
scalp, 208
surgery
contraindications, 207
indications, 205, 207
Hair restoration surgery, 214
Helix, 86
Holocrine mechanism, 70
Hyaluronic acid (HA), 134
Hyoid bone, 95, 223
Hypoglossal nerve, 103—105, 247
Hypotonic sweat, 70

I

Incisive foramen, 219

Incisive nerve block, 29, 30
Infraorbital branch, 112
Infraorbital nerves, 114
Inferior labial branches, 114
Inferior thyroid artery, 104
Infections, blepharoplasty, 180

Inferior alveolar nerve block (IANB), 26, 27, 47

Inferozygomatic approach, 34

Infrahyoid muscles, 98, 99

Infraorbital nerve block, 19, 20, 33, 35, 93
Infratemporal fossa, 220

Infratrochlear branch of nasociliary branch, 112

Infratrochlear nerve, 31

Infrazygomatic approach to maxillary nerve blockade, 34, 36

Injection techniques, 17

Internal jugular vein, 106

Internal thoracic artery, 104
Integumentary system, skin, 65
Interdigitation of the dermal papillae, 67

Intraoral maxillary local anesthesia injections, 17

Intraoral sliding osseous genioplasty, 192
Intraosseous anesthesia, 30
Intravascular injection, 26

J

Jaw, 138

Jeuveau, 123, 124
Junctional nevus, 72
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K

Keratinization, 66
Keratinocytes, 65
Keratohyalin granules, 66
Kovanaze™, 14

L
Labiomental groove, 92
Lacrimal branch, 112
Lacrimal apparatus, 74
Lacrimal nerve, 31, 78
Lacrimal gland, 73
Lamellar bodies, 66
Langer’s lines, 68
Langerhans’ cells, 67
Larynx, anatomy, 50, 51
Lasers, 143, 144
Lateral nasal artery, 76, 114
Lateral pterygoid, 117, 118
Left temporal-forehead region, 160
Lesser occipital nerve, 185
Levator anguli oris, 92, 111
Levator aponeurosis, 176
Levator labii superioris, 111, 132
Levator labii superioris alaeque nasi, 92
Levator Palpebrae, 75-76
Levator scapulae muscle, 97
Levonordefrin, 10, 11
Lid malposition, 180
Lidocaine, 11
Light sedation, 41
Lingual artery, 106
Lingual nerve, 47
Lip injections, 139
Liposomal encapsulation of local anesthetics, 13
Liposomal-encapsulated bupivacaine, 13, 14
Lips, 91, 92
Lobule, 86
Local anesthesia
amide local anesthetics, 7
anesthetic failure, 56
articaine molecule, 7
etiology, 57
history of, 3
indications, 3
intraoperative and postoperative pain control, 3
local complications
anesthetic failure, 56
hematoma formation, 57
inadvertent injection, 57
inferior alveolar nerve, 57
intravascular injection, 57
nerve injury, 58, 59
topical pre-injection local anesthesia, 57

unintended nerve involvement in a non-surgical region, 58

loss of sensation, 3
management, 54

medical and dental procedures, 4
metabolism of, 7

needle breakage, 60

ocular complications, 59

pain management, 3

pain perception, 57

pharmacology
degree of vasodilation, 6
duration of action, 6
hydrophilic terminal amine, 5
intermediate ester or amide linkage, 5
lipophilic aromatic ring, 5
neuronal conduction, 4
onset and duration, 6
onset time, 5, 6
potency of, 5
repolarization phase, 4
sensitivity, 4
sodium channels, 4
somatosensory pathways, 4
structural components, 5
time to onset, 5
tissue inflammation, 6

use-dependent or frequency-dependent conduction block, 4

vasodilation, 6
properties of, 7
sedative anesthetic plan, 3
self-inflicted trauma to soft tissue, 59
side effects and complications, 4
soft tissue injury, 60
systemic complications
acquired methemoglobinemia, 54, 55
allergy, 55
cutaneous flushing, 53
emergency medical services, 54
manufacturer’s maximum recommended dosages, 54
physiological alterations, 53
psychogenic episode, 53
severity and magnitude, 54
supportive measures, 54
topical pre-injection local anesthesia, 57
toxicity, 53
trismusis, 61
use of, 3
vasoconstrictor additives related complications, 55, 56
vasoconstrictors, adverse drug interactions, 56
Local anesthetic infusion pump, 13
Local infiltration, 17
Localized tissue injury, 60
Long buccal nerve block (supplemental to IANB), 27
Lower eyelid, 176
Lower face, 134
Lower lid blepharoplasty, 177, 179
Lower lip, depressors of, 93

M

Major blood vessels, head and neck
carotid artery and branches, 226
maxillary artery, 227
oculomotor nerve (CN III), 229, 230
subclavian artery, 225, 226
venous drainage, 227

Malar fat pad, 170

Mandible, 221, 222

Mandibular block techniques, 26-28

Mandibular branch, 114, 168

Mandibular division, 235-237

Mandibular nerve block, 35, 36

Masseter, 117, 118
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Mastication muscles, 169

lateral pterygoid, 117, 118

medial pterygoid, 117
Mastoid process, 43, 45
Matrix, 68
Maxillary artery, 133, 227
Maxillary division, 18, 234-236
Maxillary nerve block, 18, 22, 33-35
Maxillary second division nerve block, 22
Maxillary sinuses, 84
Meckel’s cave, 18
Medial palpebral arteries, 170
Medial pterygoid, 117
MedronicAxiEM navigation system, 60
Meissner’s Corpuscle, 70
Melanin, 67
Melanocytes, 66
Melanocyte stimulating hormone(MSH), 67
Melanocytic nevi, 72
Melanosomes, 67
Mental branch, 113
Mental nerve block, 35-37, 48, 93, 191, 192
Mentalis, 111, 126
Mepivacaine, 12
Merkel’s cells, 67, 70
Merocrine mechanism, 69
Methemoglobinemia, 54, 55
Methylparaben, 9
Middle meningeal nerve, 18
Middle scalene muscle, 97
Midface, 132, 133
Midline nasal septum, 79
Midline septum of nose, 81
Modiolus, 93
Monoamine oxidase (MAO), 11
Monoamine oxidase inhibitors (MAOIs), 11
Motor innervation, 93
Motor Nerves, 78
Mouth, 91
Muller’s muscle, 176
Multivesicular liposomes, 13
Muscles of facial expression, 92
Musculature, 92
Mustardé sutures, 187, 188
Mustardé technique, 188
Mylohyoid block, 30
Myobloc, 124

N
Nails, 65
Nasal cavity, 79, 80

Nasal crests of the palatine bone and maxilla, 79

Nasal muscles, 79
Nasion, 79
Nasociliary nerve, 78
Nasofrontal suture line, 151
Nasolabial fold, 137
Nasopalatine nerve block, 21, 22
Neck
anterior scalene muscle, 97
anterior triangle, 98
arteries, 104
carotid artery, 106
subclavian artery, 104—106

emergency airway access, cricothyroidotomy,

95, 96
esthetic units of, 200
fascia of, 99-101
infrahyoid muscles, 98, 99
levator scapulae muscle, 97
middle scalene muscle, 97
muscles, 97, 201
nerves of
accessory nerve, 101
cervical nerves, 101, 102
cervical sympathetic trunk, 103
facial nerve, 101
glossopharyngeal nerve, 102, 103
hypoglossal, 103—105
vagus, 102, 103
posterior scalene muscle, 97
posterior triangle, 97
sensory nerves, 42
sternocleidomastoid muscle, 97
superficial anatomy, 95
suprahyoid muscles, 98, 99
trapezius muscle, 97
veins and nerves, 201
veins of, 106, 107
visceral structures
parathyroid glands, 96
submandibular gland, 97
thyroid gland, 96
Neck lift
anatomical considerations, 199, 200
muscles, 199, 201
perioperative considerations, 203
treatment considerations, 199, 202, 203
veins and nerves, 201
Needle breakage, 60
Nerve injury, local anesthetic injection, 58, 59
Nerves, neck
accessory nerve, 101
cervical nerves, 101, 102
cervical sympathetic trunk, 103
facial nerve, 101
glossopharyngeal nerve, 102, 103
hypoglossal, 103—105
vagus, 102, 103
Neuromodulators, 123
BTX-A and BTX-B production, 124

BTX-A treatment, adverse effects of, 124, 125

complications, 129

Crow’s feet/periorbital rhytids, 127
dilution technique, 124

glabella, 127, 128

indications/contraindications/adverse events, 124

injection technique

anatomic sites and general dosage ranges, 125, 126

dosing, 125
longevity of effect, 127
posttreatment instructions, 126, 127
non-cosmetic indications, 128, 129
patient evaluation, 127
pharmacology, 123, 124
Neval cells, 72
Nonablative fractionated lasers, 143
Nonsurgical otoplasty techniques, 186
Norwood classification, 206
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Nose
anterior ethmoidal artery, 82
bony framework, 79
cartilages, 81
concept of field block, 37, 38
external, blood supply, 81, 82
infraorbital artery, 82
infratrochlear artery, 82
internal, blood supply, 82
mucosa, 80
respiratory system, 79
sensation to the lateral surface, 80

(0]
Occipital artery, 106
Occipital condyle, 219
Occipital triangle, 98
Occipitofrontalis muscle, 75, 111
Oculomotor nerve (CN III), 78, 229, 230
Olfactory nerves (CN I), 80
Omohyoid muscle, 98, 199
Ophthalmic artery branches, 76, 132, 170
Ophthalmic artery occlusion (blindness), 77
Ophthalmic division, 233, 234
Ophthalmic nerve (V) block, 31
Ophthalmic veins, 76
Ophthalmologic complications, local anesthesia, 59
Optic nerve (CNII), 78
Orbicularis oculi muscle, 74, 111, 127, 132, 153
Orbit
muscles, 75
superficial anatomy, 74
Orbital septum, 175
Osseous augmentation, 192-194
Osteology, 215
Osteology of the orbit, 73, 74
Otoplasty
auricle, anatomy of, 184—186
cartilage-cutting techniques, 187, 188
cartilage-sparing techniques, 187
combining techniques, 188
complications, 189
embryology, 183
nonsurgical otoplasty techniques, 186
prominent lobule, correcting, 188
surgical otoplasty techniques, 187

P
Pacinian Corpuscle, 70
Paired temporalis muscles, 153
Palatine canal and pterygopalatine fossa, 23
Papillary dermis, 67, 68
Paranasal sinuses, 83, 84
Parathyroid glands, 96
Paresthesia and palsy, 58
Parotid gland, 114, 115, 170
Perioral region, 91
blood supply, 94
buccinator muscle, 93
lips, 91, 92
lower lip, depressors of, 93
modiolus, 93
motor innervation, 93
musculature, 92

sensory innervation, 93, 94
upper lip, elevators of, 92, 93
venous drainage, 94
Periorbital area, 77, 136, 176
Periorbital rhytids, 127
Phentolaminemesylate (OraVerse), 60
Pheomelanin, 67
Pilosebaceous canal, 70
Platysmal bands, 126
Platysma muscle, 97, 111, 171, 202
Platysmaplasty, 173
Poly-L-lactic acid (PLLA), 134, 196
Polymethylmethacrylate, 135
Pontomedullary junction, 167
Posterior auricular artery, 87
Posterior auricular branch, 106, 113
Posterior auricular vein, 106
Posterior scalene muscle, 97
Posterior superior alveolar nerve block, 18, 19
Posterior triangle, 97
Post-glenoid lip, 118
Preproopiomelanocortin (POMC), 67
Preseptal cellulitis, 180
Pretracheal layer of the deep cervical fascia, 100
Prevertebral layer, 100
Prickle cells, 66
Prilocaine, 12
Procerus muscle, 75, 151
Prominauris, 183
Psychogenic reactions, local anesthesia, 53
Pterygoid venous plexus, 76
Pterygopalatine fossa, 22

R

Real-time navigation, 60

Relaxed skin tension lines (RSTL), 199
Reticular dermis, 67, 68

Retrobulbar hemorrhage, 179
Retromandibular vein, 106, 170
Retropharyngeal space, 100
Rhytidectomy, 171

Right eyelid ptosis, 128

Risorius muscle, 93, 191

S
Salivary glands, 114
Scalp
aponeurosis, 70
connective tissue, 70
hair restoration, 208
layers, 70
loose connective tissue, 71
periosteum, 71
regions of, 207
skin, 70
vascular and sensory supply of, 208
SCALP, 152
Scarring, 148
Sebaceous glands, 65, 69, 70
Sebum, 70
Selective norepinephrine reuptake inhibitors (sNRIs), 11
Selective serotonin reuptake inhibitors (SSRIs), 11
Sensory innervation, 78, 93, 94, 185
Sensory modality, 70
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Sensory nerves, 111-113
Sentinel vein, 154
Serotonin-norepinephrine reuptake inhibitors (SNRIs), 11
Side loading dental syringes, 17
Silicone, 135
Skin, 65
aging, 71
aging, wrinkles in, 111
barrier, 65
dermis, 65
endocrine, 65
epidermis, 65
excretion, 65
homeostasis, 65
hypodermis, 65
immunity, 65
papillary dermis, 65
reticular dermis, 65
sensory, 65
Skin innervation, 70
Skin laxity, 202
Skin lesions including cutaneous cancers, 71
Skin tags, 72
Skull
anterior surface of, 215-217
bones, 80
exterior surface of, 218, 219
interior surface of, 217, 218
lateral surface of, 219-221
Small down-turn obwegeser retractor, 193
SMAS (superficial musculoaponeurotic system), 152, 172
Soft tissue filler augmentation, 196
Soft tissue filler emergency kit, 140
Sonography, 13
Sphenoid sinus, 83
Spinal accessory nerve, 42, 171
Spongy temporoparietal fascia, 153
Steatoblepharon, 177
Sternocleidomastoid muscle, 96, 97
Sternothyroid muscle, 99
Strap muscles, 104
Stratum basale, 66
Stratum corneum, 66
Stratum granulosum, 66
Stratum lucidum, 65, 66
Stratum spinosum, 66
Subclavian artery, 104—106
Subclavian vein, 106
Subcutaneous facelift technique, 171
Sublingual salivary glands, 116
Submandibular gland, 97, 116
Submental branch, 114
Subplatysmal fat, 203
Superficial (cutaneous) branches of the cervical plexus, 42
Superficial cervical artery, 105
Superficial cervical (C2, C3) block, 41-43
Superficial cervical fascia, 99
Superficial cervical plexus, 45
Superficial face, 109
facial expression muscle, 113-115
facial expression, muscles of, 109—112
major salivary glands, 114
parotid gland, 114, 115
sensory nerves, 111-113
sublingual glands, 116

submandibular gland, 116
superficial vessels of face, 114

Superficial musculoaponeurotic system (SMAS) layer, 131, 167

Superficial neck, 95

Superficial temporal and maxillary arteries, 106
Superficial temporal artery, 76, 87, 114, 170
Superficial temporal vein, 170

Superior thyroid artery, 106

Superior vena cava, 106

Superficial vessels of face, 114

Suprahyoid muscles, 98, 99

Suprahyoid neck, 199

Supraclavicular triangle, 98

Supraorbital branch, 111

Supraorbital nerves, 114

Supraorbital and supratrochlear nerve blocks, 31-33
Suprascapular artery, 105

Supraorbital artery, 176

Supraorbital nerve, 31, 32

Supraorbital vein, 76

Supraperiosteal injection, 18

Supratrochlear artery, 76

Supratrochlear branch, 111

Supratrochlear nerve, 31, 155

Suprazygomatic and infrazygomatic approach, 34
Suprazygomatic approach to maxillary nerve blockade, 34
Supreme intercostal artery, 106

Surgical otoplasty techniques, 187

Sweat glands, 65

Sympathomimetic drugs, 9

T

Thyroid cartilage, 95

Tracheal rings, 95

Transverse facial branch, 114
Tarsalglands(of Meibom), 73
TCA peel, 147

Telogen, 68

Temporal bone, 88, 89

Temporal branch, 113, 167
Temporalis muscles, 117, 118
Temporal nerve, 156
Temporomandibular joint, 118-119
Tenacious zone of adherence, 152
Thermoregulatory sweating, 70
Thick skin, 65

Thin skin, 65, 66

3D surgical navigation, 60
Thyrocervical trunk, 104
Thyrohyoid muscle, 99

Thyroid cartilage reduction, 50
Thyroid gland, 96

Tissue necrosis, 138

Tracheal rings, 95

Tragus, 86

Transcutaneous approach, 48, 49
Transient facial blanching, 57
Transoral approach, 49
Transverse cervical artery, 106
Transverse cervical nerve, 42
Transverse facial branch, 114
Transverse processes of cervical vertebrae, 95
Trapezius muscle, 97

Triangles of neck, 100
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Trichloroacetic acid (TCA), 145

Trichohyalin, 66

Tricyclic antidepressants, 11

Trigeminal nerve, 31, 32, 233
anatomy, 44, 4648
maxillary division (V2), 18
supraorbital branch, 111
supratrochlear branch of frontal branch, 111

Trismus, 60

Trochlear nerve, 231

Trochlear nerve (CN IV), 78

TruForm™ DBM, 193

Tympanic membrane, 89

U

Unintended nerve involvement in a non-surgical region, 58

Unintended paralysis of the facial nerve (seventh cranial
nerve), 58

Upper face, 132, 133

Upper lid blepharoplasty, 177, 178

Upper lip/Perioral rhytids, 92, 93, 126

Upper lip, elevators of, 92, 93

v
Vagus nerve, 102-104, 245
Vascular injury, 57, 58
Vasoconstrictive effects, 9
Vasoconstrictor additives
adverse drug interactions, 56
epinephrine and nonselective -blockers, 56
epinephrine and phenothiazine and a-blockers, 56
epinephrine and tricyclic antidepressants, 56
epinephrine with monoamine oxidase inhibitors, 56
complications, 55, 56

Vasoconstrictors

agents and preparation, 9

concentrations, 9

pharmacology
anesthetic blockade, 9
cardiovascular comorbidities, 9
duration of anesthetic activity, 9
local anesthetic agents, 9
mepivacaine, 8
prilocaine, 8
rate of absorption into systemic circulation, 8
surgical bleeding, 9
sympathomimetic, 9

Vazirani-Akinosi nerve block, 28, 29
Veins, of neck, 106, 107
Venous drainage

facelift, 170
perioral region, 94

Vermillion zone, 91
Vertebral artery, 104
Vertical deficiency, 191
Vertical post deformity, 189
Vessel injury, 57

X

Xeomin, 123

V4

Zygomatic branch, 112, 113, 168
Zygomatic nerve, 18, 33
Zygomaticofacial nerve, 33
Zygomaticotemporal branches, 112
Zygomaticotemporal nerve, 34
Zygomaticus major and minor, 93, 111
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