L.ocal Anesthesia
in Dentistry

Mechanism and Clinical Perspective — A guide for stomatology students in
pathophysiology




The Objective of
L.ocal Anesthesia

1

Interrupt at the Source

Block the pain pathway before nociceptive signhals can travel
centrally — stopping transmission at the peripheral nerve level.

Prevent Electrical Propagation

Halt the action potential before it reaches the brain, eliminating
conscious perception of pain entirely.

Localized, Not Systemic

Achieve complete operative comfort without disrupting
consciousness, reflexes, or systemic homeostasis.
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CHAPTER 1

The Anatomy of a Nerve Impulse

Resting State

Depolarization

N

‘ Repolarization
%[»

Resting State

The nerve membrane is polarized:
sodium ions (Na*) concentrate outside,
potassium ions (K*) remain inside. The
membrane is impermeable to Na* at rest.

Action Potential

A stimulus opens voltage-gated Na*
channels - rapid influx creates the
electrical signal. K* then exits to restore
the resting negative potential — the cycle
resets.



CHAPTER1

Myelin & Nodes of Ranvier

SCHWANN CELL

Myelin as Insulator

The myelin sheath wraps the axon, forcing
. ) the action potential to jump between
= ~ < Dendrite Start .

S gaps rather than travel continuously —
enabling rapid saltatory conduction.

The 3-Node Rule

FORMATION OF
Nucleus MYELIN SHEATH Voltage-gated sodium channels cluster at

the Nodes of Ranvier. For conduction

Myelin block, the anesthetic must saturate at

sheath
least three adjacent nodes (~10 mm of

nerve length). Blocking fewer nodes

allows the impulse to skip over the
SCHWANN CELLS

blocked region.

Finish
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CHAPTER 2

The Molecular
Mechanism of Action

Specific Physical Channel Block
RecePtor Theory Bound anesthetic physically
The accepted gold standard — occludes the channel pore,
anesthetic molecules bind to a preventing sodium influx
specific receptor site on the regardless of membrane

inner face of the Na* channel stimulation.

protein.

Use-Dependent Block

Channels in an open or inactivated state bind anesthetic more readily
— repeated stimulation deepens the block progressively.



CHAPTER 2

From Water-Soluble to Lipid-Soluble

)

Stage 1 —
Hydrochloride Salt form

(BH* water-soluble,
stable in solution,
cannot cross membrane)

...................

()

Stage 2 —
Free Base form

— (B, lipid-soluble,

penetrates lipid bilayer,
reaches receptor)

..................

( Note: pKa governs the balance between forms. )

Dual Chemical Identity

Local anesthetics exist as hydrochloride salts in the
cartridge — stable and water-soluble for storage. After
injection into tissue, they must convert to their free base
(lipid-soluble) form to cross the nerve membrane.

The pKa Factor

The pKa determines what fraction converts at physiological pH
74. A lower pKa (closer to 7.4) means more free base available
- faster onset. Lidocaine (pKa 7.9) acts faster than
bupivacaine (pKa 8.1) for this reason.



CHAPTER 2

The pH Challenge: Why
Infection Changes Everything

Acidic Environment Healthy Tissue

Infected tissue has a pH of approximately 5.2 — significantly pH ~7.4 = equilibrium favors free base > membrane
below the physiological 7.4. This acidic shift forces virtually all penetration - effective block

anesthetic molecules into their ionized, water-soluble (BH*)
form.

Infected Tissue

Clinical Consequence
pH ~5.2 > equilibrium heavily favors ionized form >

With almost no free base available, the drug cannot membrane barrier intact > anesthesia failure
penetrate the lipid nerve membrane. The result is incomplete
or failed anesthesia — a frequent frustration when treating
acute dentoalveolar abscesses.

/N Never attempt to compensate simply by injecting
more volume into infected tissue — the pH remains
hostile. Consider nerve blocks proximal to the
inflamed zone.




CHAPTER 2

Potency and Duration
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Lipid Solubility — Potency Protein Binding Diffusion — Termination

— Duration

Higher lipid solubility allows deeper The block ends as molecules diffuse

membrane penetration and stronger Anesthetics bind to protein away from the injection site, are

channel binding. Bupivacaine is 4x components of the Na* channel. absorbed into local vasculature, and

more lipid-soluble than lidocaine — Higher affinity = slower dissociation = undergo hepatic metabolism.

and 4x more potent. longer blockade. Bupivacaine (95% Vasoconstrictors slow this
protein-bound) outlasts lidocaine diffusion.

(65% bound) significantly.



CHAPTER 3

Vasoconstrictors:
Essential Partners

The Vasodilation The Vasoconstrictor
Problem Solution

All local anesthetics cause Epinephrine (1:100,000 or
vasodilation at the injection site. 1:200,000) counteracts this by
This accelerates vascular constricting local vessels —
absorption, shortening duration keeping the drug concentrated at
and reducing effective the target nerve for longer,
concentration at the nerve. reducing systemic absorption and

total dose needed.



CHAPTER 3

Managing Individual Variation

Volume Matters

Success depends on achieving a sufficient concentration
gradient across the nerve bundle. Clinical evidence
demonstrates that 3.6 mL significantly improves success rates
in mandibular molar anesthesia compared to the standard 1.8
mL — particularly for the inferior alveolar nerve block.

Accessory Innervation

Mylohyoid, long buccal, or cervical nerve branches may
provide cross-innervation to mandibular molars. Apparent
"failure" may reflect anatomy, not technique — supplemental
infiltration is often the solution.

1) Volume

(1.8 mL standard
vs 3.6 mL
improved success)

5) Injection 2) Concentration

technique Factors gradient across
precision influencing nerve bundle
anesthesia

success:

3) Accessory
innervation
pathways
(mylohyoid,
long buccal,
cervical nerves)

4) Patient
anatomy
variation




CHAPTER 3

Pros for the Practitioner

Precise Operative Control

A bloodless, pain-free, immobile field allows meticulous technique —
critical for restorations, extractions, and surgical procedures.

¢o

Patient Cooperation

A comfortable patient is a still patient. Reduced anxiety means fewer
interruptions, better procedural outcomes, and shorter chair time.

2@: Expanded Clinical Capability

Enables complex, time-sensitive procedures that would be
impossible without reliable pain suppression — from apicoectomies
to full-arch extractions.



CHAPTER 3

Pros and Cons for the Patient

v, Benefits

Complete absence of pain during the procedure — the
primary therapeutic goal

Reduced procedural anxiety and psychological comfort
Faster, more confident treatment by the clinician

Enables longer, more comprehensive appointments

Drawbacks

Residual numbness lasting 2-4 hours post-procedure

Risk of accidental self-injury (cheek/lip/tongue biting,
especially in children)

Unpleasant taste from the solution or cartridge
Discomfort and anxiety from the injection itself

Temporary speech and eating difficulty



CHAPTER 4

Safety and Toxicology

Paracelsus Principle

"The dose makes the poison." Local

100 — & — . L
° o o © °® anesthetics are safe within recommended

° maximum doses — exceeded doses cause

304 predictable systemic toxicity.

Primary Safety Rule

607 Avoid intravascular injection — always

aspirate before depositing solution.
40 Accidental |V bolus bypasses local
buffering entirely.

Tissue response (% max)

o0s Toxicity Spectrum

Systemic toxicity is biphasic: initial CNS
excitation (tinnitus, metallic taste,

T 1 I

0.001 0.01 0.1 1 10 100 1000 10000
Agonist dose (UM)

seizures) followed by CNS/cardiovascular
depression (arrhythmia, respiratory arrest)
at higher plasma levels.



CHAPTER 4

Modern Clinical Protocols

( ) [ )
Aspiration Monitor
Confirm Vitals
extra-vascular Continuous checks
placement during procedure
O vV A Vv O
Slow Post
Injection Observation
1.8 mL over =60 Watch for adverse
seconds reactions
. J . J

Adhering to these protocols reduces the risk of systemic toxicity to near-zero in healthy patients — technique is as important as
pharmacology.



Conclusion: The
Mastery of Pain Control

The Molecular Key Science Meets
Understanding the sodium TeChnique

channel — its states, its Pharmacological knowledge of
receptor sites, and the pKa, lipid solubility, and protein
conditions that govern drug binding must be paired with
access — is the foundation of precise injection technique
clinical efficacy. and anatomical understanding.

Patient-Centered Care

Local anesthesia is where molecular science and human care
intersect — transforming what was once a feared procedure into a
comfortable clinical experience.




