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Local Anaesthetic
Effectiveness in Oral
Mucosal Conditions:
Clinical Implications for
Prosthodontic, Restorative,
and Orthodontic Procedures

Abstract

Local anaesthesia (LA) is one of the elementary aspects of pain control in
the field of dentistry; although it is not always reliable due to the variation
in the condition of the oral mucosa. The oral mucosa is highly diversified
in structure and functions in establishing the pharmacodynamics and
pharmacokinetics of the local anaesthetic agents. Epithelial thickness,
vascularity, tissue pH, and nerve distribution are such factors that have a
significant effect on the diffusion of drugs, onset, and duration of action.
There are pathological conditions such as inflammation, ulceration,
infection, manifestations of systemic disease, and fibrosis that further
complicate the results of anesthesia. Inflammatory states decrease tissue
pH and enhance vascularity, decreasing drug efficacy, and ulcerative and
infectious lesions change the mucosal integrity and perception of pain.
Systemic factors like xerostomia and diabetes, and fibrotic alterations, add
more variability to anaesthetic response. These challenges have important
clinical implications across prosthodontic, restorative, and orthodontic
procedures, where predictable anaesthesia is essential for successful
treatment. Modifications in anaesthetic techniques, appropriate drug
selection, and the use of adjuncts such as buffering agents, premedication,
and advanced delivery systems can enhance effectiveness. Emerging
technologies, including nanocarrier-based systems and liposomal
formulations, offer promising avenues for improving drug delivery and
prolonging anaesthetic action. This review emphasizes the need for an
individualized, evidence-based approach to local anaesthetic
administration, taking into account mucosal conditions and patient-
specific factors. A comprehensive understanding of these variables is
essential for optimizing clinical outcomes and advancing patient-centered
dental care.

1. Introduction

Local anaesthesia (LA) is an essential part of contemporary dentistry,
making it possible to perform a diverse set of procedures in the fields of
prosthodontics, restorative dentistry, and orthodontics painlessly. Local
anaesthesia has also completely transformed the way patients are handled
since its introduction in the field of dentistry, as patients have greatly
improved when it comes to compliance, efficiency in the procedure, and
treatment outcomes [1]. The capability of the invasive and non-invasive
procedures to be done without any discomfort has not only increased the
precision of the clinical efforts but has also helped to reduce the level of
anxiety the patients may have, hence bringing about better long-term oral
health.

Even with all the considerable improvements in pharmacology, modes of
delivery, and clinical procedures, inconsistency in anaesthetic success
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appears to be an issue of constant concern and clinical
significance. Particularly, it is not necessarily the
predictability of the power of local anaesthetic agents
used correctly. This heterogeneity is particularly acute
in the case of altered oral mucosal conditions when the
local tissue factors and systemic factors may intervene
in the expected action of anaesthetic agents.

The oro-mucosal mucosa has a crucial role in the
administration, absorption, and diffusion of local
anaesthetics. It is an anatomically heterogeneous tissue
that is complex and highly specialized, and has
significant structural and functional heterogeneity
depending on the anatomic location. The oral mucosa is
broadly categorized into keratinized (masticatory), non-
keratinized (lining), and specialized mucosa. All the
types exhibit unique permeability, vascularity, epithelial
thickness, and innervation patterns, which determine the
pharmacokinetics and pharmacodynamics of the local
anaesthetic drug [2]. These differences directly affect
the onset, effect, and duration of anaesthetics, and tissue
peculiarities are the key to successful clinical practice.
Depending on the density of the epithelium, e.g., on the
gingiva and hard palate, keratinized mucosa presents a
comparatively impermeable barrier to drug entry. On the
other hand, non-keratinized mucosa, such as buccal and
labial mucosa, allows quick absorption of the
anaesthetic agents. Such variations suggest that one
should select the appropriate injection procedures and
drug formulations based on the injection site. Moreover,
the salivation, mucosa hydration, and the environmental
factors also influence drug absorption and efficiency.
One of the most significant factors of the local
anaesthetic effect is the condition of the tissue
underlying it. In normal mucosa, the traditional
techniques will usually give consistent anaesthetic
diffusion and nerve blockage. Pathological alterations
such as inflammation, infection, ulceration, or fibrosis
may, however, have a severe impact on anaesthetic
efficacy. An example is that the inflamed tissues are
usually of a lower pH due to the concentration of acidic
products of the metabolic process. This acidic
environment reduces the percentage of the non-ionized
form of the anaesthetic necessary to enter the nerve
membrane [3]. It consequently leads to the late onset,
superficial anaesthesia, or even its total inefficiency in
certain clinical situations.

Other than changes in pH, inflammation is also
associated with improved vascularity and blood
circulation, and this could elevate the rate of systemic
absorption and clearance of local anaesthetic drugs. This
results in a reduction of the action time and target site
effect. Conversely, ailments with thick fibrinous tissue,
such as scarring or fibrosis, may impede the diffusion of
drugs and thus slow down the onset of the ailment and
necessitate some other approach of delivering the drug
or an increased dose of the drug [4]. Such physiological
and pathologic peculiarities indicate the significance of
the knowledge of tissue-specific factors in the context
of anaesthetic planning.

These variations have a greater clinical implication in
the various dental fields. In prosthodontics, the
procedures of tooth preparation, management of soft
tissues, and implant placement, among others, require
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effective anaesthesia. The existence of flabby ridges,
atrophic mucosa, or lesions caused by dentures may
affect the method of anaesthetics selected as well as the
choice of the right agent [5]. Such conditions usually
demand changes in the process of injections to prevent
the distortion of the tissues and guarantee comfort to the
patient.

On the same note, adequate anaesthesia may be
extremely difficult to produce in situations where there
is an inflammatory response in the pulpal or periapical
areas in restorative dentistry. It is not new that teeth with
symptomatic irreversible pulpitis are resistant to the
standard anaesthetic methods, and this is mainly
attributed to changes in tissue pH and hypersensitization
of nociceptors [6]. The clinicians in such situations
usually require the use of additional injection methods
or additive pharmacological interventions in the
attainment of proper pain control.

Although orthodontic procedures are less invasive in
nature, they have their own considerations too. Local
anaesthesia may be essential in procedures like mini-
implant placement, surgical exposure of impacted teeth,
treatment of appliance-induced soft tissue irritation, etc.
Under such circumstances, the state of the mucosa, the
presence of irritation or ulceration, can be of great
concern to the comfort of the patient and the effect of
anaesthesia. Hence, anaesthetic methods should be
evaluated and altered with due attention in order to
achieve the best results.

Although local anaesthetics are widely used, there is an
increasing awareness that a one-size-fits-all or the same
approach cannot be used consistently to produce success.
Rather, clinicians should be more individualized and
evidence-based in addressing the issue, but they should
take into account not only the pharmacological nature of
the anaesthetic agent, but also the biological and
pathological features of the oral tissues. Age of patients,
and health in general, levels of anxiety, and previous
anaesthetic experiences are also among such factors that
lead to variation in response and should be considered
when planning the treatment.

In this respect, it will be necessary to learn about the
relationship between oral mucosal states and the
efficacy of local anaesthetics in order to optimise
clinical results. The combination of the insight into the
mucosa anatomy, pharmacology, and disease
mechanisms will allow the clinicians to anticipate
possible difficulties and make required adjustments to
their anaesthetic practice.

This review aims to critically evaluate the influence of
oral mucosal conditions on the effectiveness of local
anaesthesia and to highlight their clinical implications
in prosthodontic, restorative, and orthodontic
procedures. By synthesizing current evidence on
mucosal biology, pharmacological mechanisms, and
clinical practice, this article seeks to provide a
comprehensive and practical framework for enhancing
anaesthetic success in diverse dental scenarios.

2. Anatomy and Physiology of Oral Mucosa Relevant
to Anaesthetic Action

Local anaesthetic (LA) agent in dental practice has a
close relationship with the physiological and anatomical
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nature of the oral mucosa. The mucosa of the mouth is
not a uniform tissue, but there is a considerable local
difference in its thickness, keratinization, vascularity,
and neural distribution. All these factors affect the rate
of absorption, diffusion, and the overall effectiveness of
local anaesthetic agents.

2.1 Types of Oral Mucosa and Their Clinical
Relevance

Oral mucosa is widely divided into three categories,
namely masticatory mucosa, lining mucosa, and
specialized mucosa. Masticatory mucosa, which is
present on the gingiva and hard palate, is usually
keratinized or parakeratinized and firmly attached to the
underlying bone. On the contrary, the lining mucosa,
which is located on the buccal mucosa, labial mucosa,
and floor of the mouth, is non-keratinized and more
elastic. Taste buds are found in specialized mucosa,
which is situated on the back of the tongue and has
special structural characteristics [2].

The dense layer of epithelium and low permeability of
keratinized mucosa increase the resistance to the
penetration of drugs. This leads to the topical
anaesthetics not being so effective in these areas, and
infiltration methods may need more volume or different
methods. On the other hand, non-keratinized mucosa
permits diffusion of anaesthetic drugs at a faster rate,
leading to fast action [7].

2.2 Epithelial Thickness and Permeability

The thickness of epithelia is a very important factor in
local anaesthetic diffusion. The increasing strength of
the epithelium, especially in the tissues that are formed
of keratin, restricts the diffusion of the anaesthetic
molecules, which are directed towards the nerve endings
underneath the tissue. Intercellular lipid composition
and tight junctions are also factors that affect the
permeability of the oral mucosa [8].

The low density of epithelial cells and the lack of a thick
keratin layer in non-keratinized mucosa make such
mucosa more permeable. This helps the penetration of
lipophilic anaesthetic agents, which improves their
clinical efficacy. Conversely, a higher concentration is
needed or adjunctive methods to provide sufficient
anaesthesia in the keratinized tissues [9].

2.3 Vascularity and Its Impact on Anaesthetic
Duration

There are two roles of the vascularity of the oral mucosa
in the effectiveness of local anaesthetics. On the one
hand, a sufficient blood supply provides the drug with
rapid spread to the target location. Conversely, the high
vascularity of tissues may also result in quicker systemic
absorption and clearance of the anaesthetic agent and
thus provide a short time of action [10].

As an illustration, in most cases, the lining mucosa is
more vascular than the masticatory mucosa, which
could lead to reduced anaesthetic length in such areas.
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This is especially pertinent in cases where the lasting
effect of anaesthesia is necessary, and the introduction
of vasoconstrictors, such as epinephrine, is necessary to
sustain the effect of the drugs and decrease the uptake
into the system [1].

2.4 Nerve Supply and Receptor Distribution
Branches of the trigeminal nerve have a dense
distribution over the oral mucosa, and the density and
distribution of the nerve vary across different parts.
Regions that have a higher nerve density might need an
anaesthetic delivery that is more accurate to achieve a
full nerve block. Also, the effectiveness of infiltration
versus the nerve block technique depends on the depth
and pattern of branching of the nerve fibers [11].

The perception of pain is based on the free nerve
endings that are situated in the epithelium and
connective tissue. The topical anaesthetics may be
ineffective due to the proximity of the nerve endings to
the surface. In areas where the nerve endings are found
at a deeper part of the tissue, infiltration anaesthesia is
required to obtain sufficient analgesia [12].

2.5 Tissue pH and Microenvironment

The physiological PH of the tissues in the mouth is
essential in the determination of the ionization state of
the local anaesthetic agents. The majority of the local
anaesthetics are weak bases, and they have to be in their
non-ionized state to be able to penetrate the nerve
membrane. Normal tissue states permit an optimal ratio
between ionized and non-ionized states, which enables
the nerve blockade to be effective [3].

Yet, it is possible to discuss even slight changes in pH
in tissues as factors that affect the effect of drugs. As an
example, regions of decreased oxygenation or minor
inflammation can have a slight degree of acidity, thereby
decreasing the supply of the active form of the
anaesthetic. That is where the relevance of the tissue
environment of the planned anaesthetic administration
is emphasised.

2.6 Role of Saliva and Mucosal Hydration

Topical anaesthetic agents are also effective in saliva
and mucosal hydration. The mucosal surface is best
hydrated to boost the dissolution and absorption
(absorption) of drugs, and the dry mucosa can restrict
the contact of the drug and thus limit its efficacy. The
secretions of saliva may either be a facilitator or offer
resistance based on the composition and flow rate [13].
Drying the mucosa before the topical anaesthetic is a
common clinical practice to increase the rate of drug
adherence and penetration. This is just one of the easily
achievable measures to make surface anaesthesia much
more effective, especially in non-keratinized areas. As
Figure 1 shows, differences in the structure of
keratinized and non-keratinized mucosa have a
considerable effect on the route of diffusion of local
anesthetic agents.

Copyright © 2026 by Riset Publishing Services LLC



EJPRD

European Journal of Prosthodontics and Restorative Dentistry (2026) 34(1s), 89-100

Keratinized Mucosa

e — e
T Thick Keratinieed Epithelium
o M S

Reduced Permeability

Non-Keratinized Mucosa

1 Thin Non-Keratinized Epithefium
o e_0

Increased Vascularity

Figure 1. Schematic representation of oral mucosal types and pathways of local anaesthetic diffusion

3. Pharmacology of Local Anaesthetics and
Mechanisms Affecting Efficacy

One of the significant pillars of dental pain management
is local anaesthetics (LA), which work by reversibly
inhibiting nerve conduction. Their effect on the human
body is explained by the combination of their
pharmacological and several physiological and
environmental factors affecting onset, deep and pain
duration of action. These mechanisms need to be fully
understood in order to maximize anaesthetic outcomes,
especially when different oral mucosal conditions are
involved.

3.1 Classification of Local Anaesthetics

The local anaesthetics are categorized into 4 groups and
are classified by the following: The anaesthetics used in
the local anaesthetics are categorised into two major
groups according to their chemical structures: amide-
type and ester-type anaesthetics. The most frequently
used in dentistry are the amide anaesthetics, which
include lidocaine, articaine, bupivacaine, and
mepivacaine, as they are more stable and have lower
rates of allergic reactions. The less common types of
anaesthetics are the ester anaesthetics, such as procaine
and benzocaine, which have more chances of causing
hypersensitivity and have shorter action times [3].

The uniqueness of articaine among the amide
anaesthetics is that it has an amide linkage as well as an
ester group that can be metabolised fast in both the
plasma and the liver. This dual metabolism makes it
have a good safety profile and increases its diffusion
across the soft and hard tissues [14].

3.2 Mechanism of Action

The local anaesthetics work by inhibiting the voltage-
gated sodium channels in nerve membranes. This causes
the blockage of the activation and spread of action
potentials, thus blocking nerve conduction and pain
transmission [15].

LA molecules have to diffuse through tissues and cross
the nerve membrane to reach the location of their action.
This is based on the capacity of the drug to be in a non-
ionized (lipid-soluble) state. The ionized form of the
neurotransmitter attaches itself to the sodium channel
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receptor in the neuron, keeping it in the inactive state.
Figure 1 (Section 2) shows that diffusion across the
mucosal layers is an important process that affects the
efficacy of this process.

3.3 Physicochemical Properties Influencing Efficacy
Several intrinsic properties of local anaesthetics
determine their clinical performance:

pKa and Onset of Action

The pKa of a local anaesthetic is what dictates the
percentage of the drug that exists in the ionic form at a
physiological pH. Agents whose pk a is more similar to
physiological pH (7.4) contain a larger fraction of non-
ionized molecules, which causes accelerated onset of
action. For example, lidocaine (pKa 7.9) has a relatively
rapid onset compared to bupivacaine (pKa 8.1) [1].
Lipid Solubility and Potency

The lipid solubility improves the penetration of the drug
into nerve membranes. The lipid-soluble agents are
more potent, and they are capable of deeper anaesthesia
[16].

Protein Binding and Duration

The protein binding levels are associated with the
duration of action. The higher the protein binding of the
drugs, the longer the drugs stay on the nerve membranes,
thus extending the anaesthetic effect. An example is the
bupivacaine, which has high protein binding with a long
duration of anaesthesia [1].

3.4 Role of Vasoconstrictors

Local anaesthetic solutions are usually supplemented
with a vasoconstrictor, i.e., epinephrine, to increase the
clinical effects of the local anaesthetic. These are the
agents that cause a resultant reduction in the local blood
flow, and hence the resultant reduction in systemic
absorption and an increase in duration of anaesthesia
[17]. Also, vasoconstrictors are used to ensure an
elevated concentration of the anaesthetic at the effect
site and decrease the amount of bleeding during surgery.
These, however, should be used cautiously in patients
with cardiovascular diseases or where the tissues are
highly vascular, and the excessive vasoconstriction can
lead to damage to the tissue health [18].
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3.5 Factors Affecting Onset, Depth, and Duration
The clinical performance of local anaesthetics is
influenced by multiple factors beyond drug properties:
Tissue pH

As explained in the above section, tissue pH is an
important factor in the performance of anaesthetics. To
a larger degree, in acid conditions, like inflamed or
diseased tissues, the drug exists in its ionized state and
thus has fewer chances to enter nerve membranes. This
leads to a slow-acting effect and lower effectiveness
[19].

Tissue Vascularity

Rapid absorption of the anaesthetic into the systemic
circulation is achieved because of highly vascular
tissues, and this reduces its duration of action. On the
other hand, the less vascular regions will enable the drug
to take a longer time to be localized [20].

Injection Technique

The procedure (infiltration, nerve block, or
intraligamentary injection) adopted has a great influence
on anaesthetic success. Increased cortical bone or thick
mucosa may infiltrate ineffectively, so nerve block
methods may be required [21].

Dose and Concentration

Raising the dose and the amount of anaesthetic can
enhance its efficacy, but also its toxicity. Thus,
determining dosage allows clinicians to use a balance
between efficacy and safety [3].

3.6 Clinical Challenges and Adjunctive Strategies
The effective anaesthesia of inflamed tissues, including
those in irreversible pulpitis, can be regarded as one of
the most widespread clinical issues. Conventional
methods do not usually work in such cases because the
tissue pH is changed, and the nociceptors are more
active. Aggarwal et al. (2010) reported that adjunctive
strategies such as the use of supplemental injections (i.e.,
intraosseous  or intraligamentary), preoperative
analgesics, and buffering of anaesthetic solutions can
help to improve success rates [22].

The addition of sodium bicarbonate to buffer local
anaesthetic solutions increases the ratio of non-ionized
fraction, which increases diffusion and decreases
injection pain. On the same note, warming of the
anaesthetic solution can enhance comfort and the onset
time of the patient, but the evidence is inconsistent [18].
Table 1 summarizes the pharmacokinetic differences of
the commonly used local anaesthetics that are common.

Table 1. Comparison of Commonly Used Dental Local Anaesthetics

Drug Type pKa | Onset Time | Duration (Pulpal) | Protein Binding (%) | Vasoconstrictor Use
Lidocaine Amide | 7.9 Rapid 60—90 min 65 Yes

Articaine Amide | 7.8 Very rapid 60—75 min 95 Yes

Mepivacaine | Amide | 7.6 Rapid 20—40 min 75 Optional
Bupivacaine | Amide | 8.1 Slow 90—180 min 95 Yes

Prilocaine Amide | 7.9 Moderate 40—60 min 55 Optional

EJPRD

4. Impact of Oral Mucosal Conditions on Local
Anaesthetic Effectiveness

The condition of the oral mucosa within the location of
the local anaesthesia (LA) administration is also a
crucial determinant of the success of local anaesthesia
(LA) in dental practice. Pathological changes, which
include inflammation, ulceration, infection, signs of
systemic disease, and fibrosis, may change the tissue
properties, thus influencing the pharmacodynamics and
pharmacokinetics of local anaesthetic drugs. There are
four major changes that mainly affect the diffusion of
the drug, ionization, vascular clearance, and neural
responsiveness that affect clinical efficacy.

4.1 Inflammatory Conditions (Gingivitis and
Periodontitis)

The most common causes of local anaesthetic failure are
inflammatory conditions (gingivitis and periodontitis).
The result of inflammation is the reduction of tissue pH
caused by the concentration of acidic metabolites.
Because of the weak base nature of the local
anaesthetics, an acidic medium makes the drug occupy
a higher percentage of ionized form, which reduces its
penetrative capacity into the nerve membranes [19].
Also, inflamed tissues are more vascular and thus
systemic absorption is quicker and shortens the
anaesthetic action. This has especially been noticed in
periodontal tissues, where the hyperemia is known to
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improve the clearance of any drug at the injection site
[23].

Inflammation also sensitizes nociceptors and decreases
the pain threshold, resulting in patients being more
resistant to standard methods of anaesthetics. Due to this,
the administration of more doses or as supplementary
injections may be necessary to achieve sufficient
analgesia during periodontal procedures [24].

4.2 Ulcerative Lesions (Aphthous Ulcers and Lichen
Planus)

Oral mucosal lesions like recurrent aphthous stomatitis
and oral lichen planus have special difficulties with
regard to the administration of local anaesthetic drugs.
These wounds are marked with the rupture of the
epithelial layer, the exposure of nerve endings, and the
local inflammation, which all lead to an increase in pain
sensitivity [25].

Under these circumstances, local anaesthetic agents can
be used directly, which can be painful and less effective
because of impaired epithelial integrity. Moreover, an
inflammatory environment around these lesions may
change the diffusion of drugs and decrease the effects of
anaesthesia.

Topical anaesthetics can be applied to deal with pain
related to ulcerative lesions, but their activity may be
reduced due to the salivary dilution and fast
disappearance. The infiltration procedures might have to
be adjusted so that they do not inject directly into the
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ulcerated tissue, but rather at the adjacent healthy
mucosa to produce sufficient anaesthesia [13].

4.3 Infectious Conditions (Candidiasis and Viral
Lesions)

Local anaesthetic performance can be greatly impaired
by infectious diseases of the oral mucosa, such as fungal
infections, such as candidiasis, and viral lesions, such as
herpes simplex infections. These disorders are normally
related to inflammation, damage to the epithelium, and
alterations in tissue permeability [26].

As an example, candidiasis causes mucosal erythema
and atrophy, and therefore, it can increase the uptake of
the drug, but also makes it more sensitive and painful
during injection. Viral lesions, especially herpetic ulcers,
are very sensitive such that they may inhibit direct
anaesthetics administration at the site of the lesions.

In addition, 1 infection may also change local immunity
and tissue metabolism, which can impact drug
distribution and elimination. Anaesthesia is a potential
risk involved in the spread of infection and lack of
efficacy when administered in an infected area [27].

4.4 Systemic Conditions Affecting Oral Mucosa
(Diabetes and Xerostomia)

Systemic diseases might also occur in the mouth cavity
and have an indirect impact on the efficacy of the local
anaesthetic effect. An example of microvascular
alterations, wound healing impairments, and infection
susceptibility is diabetes mellitus. These changes are
able to influence drug delivery as well as tissue response
to anaesthesia [28].

A diabetic patient can have a slow tissue perfusion, and
this may slow the onset of anaesthesia, and it may also
increase the duration of anaesthesia because of slower
absorption into the system. Nevertheless, the effects can
be neutralized by the co-occurring inflammation or
infection, with the results being uncertain.

Xerostomia (or dry mouth) can be caused by systemic
disorders or by medications, and it influences the
hydration of the mucosa. As it is explained in Section 2,

proper hydration is the key to the maximum absorption
of drugs, especially topical anaesthetics. Low salivary
flow in xerostomic patients may affect the distribution
of the drug and anaesthetics' efficacy [29].

4.5 Fibrosis and Scarring

Oral mucosa that has been fibrotic due to trauma,
surgery, radiation, or chronic illnesses, e.g., oral
submucous fibrosis, may severely hinder the diffusion
of local anaesthetic agents. Fibrotic tissues are also
defined by excessive collagen deposition, low
vascularity, and a lack of tissue elasticity [30].

These alterations result in a physical barrier to the
diffusion of the drug, and hence, the anaesthetic finds it
hard to reach the target nerve fibers. It might
consequently require an additional amount of injection
or other methods of injection, like nerve blocks or
intraligamentary injection.

Also, due to the decreased vascularity of fibrotic tissues,
the time of anaesthesia can be extended, as well as
delayed. In these situations, clinicians have to be careful
when adjusting their techniques, which will guarantee
pain control.

Key Mechanisms Affecting Anaesthetic Effectiveness
Across all mucosal conditions, several common
mechanisms influence local anaesthetic performance:

o Altered pH and ionization: Reduced pH limits the
availability of the non-ionized form necessary for nerve
penetration.

o Increased blood flow: Enhances drug clearance,
reducing duration of action

e Pain threshold changes: Sensitized nociceptors
increase resistance to anaesthesia

All these processes are the reason why normal
anaesthetic regimes might fail in diseased tissues. The
multi-factorial processes, which influence the efficacy
of anaesthetics in sick mucosa, are summarized in
Figure 2. Table 2 summarizes the interrelationship
between the different mucosal conditions and the
anaesthetic outcomes.

Mucosal Pathology

Changes in pH / Inflammation
Altered lonization

Incceased Vascularity
Rapid Drug Clearance

Structural Damage
Impaired Diffusion

Nociceptor Sensitization
Increased Pain Perception

Reduced Anaesthetic Effectiveness

BT
2
e
]
=
$
==
4
=
4
Ty

Figure 2. Mechanisms by Which Oral Mucosal Pathology Alters Local Anaesthetic Effectiveness
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Table 2. Effect of Different Oral Mucosal Conditions on Anaesthetic Success

Condition

Pathophysiology

Effect on LA

Clinical Adjustment

Gingivitis/Periodontitis

Inflammation, | pH, 1
vascularity

Reduced onset, shorter
duration

Use higher dose, nerve block,
buffering

Aphthous ulcers

Epithelial loss, exposed nerves

Increased pain, reduced
efficacy

Avoid lesion, inject adjacent
tissue

Lichen planus

Chronic inflammation,
mucosal damage

Variable diffusion

Gentle
adjuncts

technique, topical

Candidiasis

Erythema, epithelial atrophy

Increased sensitivity

Careful injection, antifungal
management

Viral lesions

Ulceration, inflammation

Painful
reduced effect

injection,

Delay treatment if possible

Delayed onset, variable

Monitor dose, control

onset

Diabetes Microvascular changes 4 . g
duration systemic condition
. . Reduced topical C
Xerostomia Reduced hydration ue P Pre-moisturize mucosa
effectiveness
. . . . Poor diffusion, delayed | Use a nerve block or
Fibrosis/scarring Dense collagen, | vascularity Hston, Y v

alternative techniques
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5. Clinical Implications in Prosthodontic,
Restorative, and Orthodontic Procedures

The clinical implication of the wvariability in local
anaesthetic (LA) effectiveness based on oral mucosal
conditions has a direct clinical implication in various
dental specialties. Each of the processes mentioned in
the previous paragraph (prosthodontic, restorative, and
orthodontic) is associated with specific challenges, and
anaesthetic approaches to these issues need to be
customized. Knowing the effects of mucosal properties
on drug action will allow clinicians to change
procedures, use suitable drugs, and enhance patient
outcomes.

5.1 Prosthodontics

Denture-Bearing Mucosa

Denture-bearing mucosa is very important in treatment
planning and dental procedures in the field of
prosthodontics. Long-term use of dentures usually
results in changes of this mucosa, including atrophy,
thinning, or inflammation. Atrophic mucosa is less
resistant and more susceptible, and thus, patients are
more prone to discomfort during procedures that need
anaesthesia [5].

Such situations could involve the preference of
infiltration anaesthesia, as opposed to the use of nerve
block to reduce tissue damage. As well, less anaesthetic
solution is to be applied to prevent over-pressure of
sensitive tissues. Topical anaesthetics may also be
useful in minor procedures like adjustments or
impression taking, which may cause some discomfort to
the patient.

Flabby Ridges

Flabby ridges are usually present in edentulous patients,
and this tissue is a mobile fibrous tissue that makes both
anaesthetic delivery and impression processes difficult.
Rapid vascularity and movement of this tissue may
result in the quick dispersion of anaesthetic and its
reduced efficiency [31].

To attain sufficient anaesthesia, clinicians have to use
other methods, including nerve blocks instead of local
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infiltrations. Also, the injection technique is to be
followed carefully to ensure that the tissue is not
distorted, as it may lead to poor results in prosthodontics.

Impression Procedures

Topical or minimal infiltration anaesthesia may have to
be used in impression procedures, especially in sensitive
or inflamed mucosa. Excessive application of
anaesthesia will distort contours on tissues and interfere
with the accuracy of impressions. As such, there should
be a balance between the comfort of patients and the
accuracy of the procedure [32].

5.2 Restorative Dentistry

Caries with Pulpal Inflammation

The achievement of effective anaesthesia of teeth with
pulpal  inflammation, including  symptomatic
irreversible pulpitis, is one of the most important issues
in restorative dentistry. In this situation, the traditional
inferior alveolar nerve blocks can be ineffective as a
result of the changes in tissue pH and the enhancement
in nociceptor activity [19].

Additional methods such as intraligamentary,
intraosseous, or intrapulpal injections are often
necessary. In these situations, articaine has been found
to be better than diffusion, especially in combination
with nerve blocks as a buccal infiltration adjunct [21].

Endodontic Pain Challenges

Anaesthetic management is usually more complicated
because, in most cases, endodontic procedures entail a
pivotal inflamed or infected tissue. Patients who
experience acute pain can also be found to be highly
anxious and have lower pain thresholds, which also
makes anaesthetic success more complicated.
Nonsteroidal anti-inflammatory drugs (NSAIDs)
administration before surgery, buffering of anaesthetics,
and higher concentration means of use can be used to
achieve better results. Also, the deeper anaesthesia can
be obtained with repeated or additional injections [6].

5.3 Orthodontics
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Pain Control During Appliance Placement

The orthodontic surgery is not very aggressive, but some
surgeries, like mini-implantation or surgical exposure of
the affected tooth, will need efficient local anaesthesia.
Mucosa of orthodontic patients is normally healthy;
however, localized irritation or inflammatory response
of the appliance can affect anaesthetic output [33].
Infiltration anaesthesia is normally adequate in such
cases. Nevertheless, clinicians need to pay attention to
the state of the mucosa and change the method. In
inflamed or ulcerated places, there may be a need to
avoid or use alternative injections, for example.

Soft Tissue Irritation

Orthodontic appliances are often noted to induce
irritation of the soft tissue, either in the form of localized
ulceration or inflammation. Such situations may
decrease the topical anaesthetic performance and cause
pain to patients during the procedures.

The use of topical anaesthetics, protective barriers and
patient education are some of the interventions that are
important in managing such conditions. When it needs

to be intervened with, it is necessary to introduce
injections in the surrounding healthy tissue so that it
becomes effective and causes minimal pain [34].

Key Clinical Insights

Across all specialties, several common principles
emerge:

e Technique modification:  Selection  between
infiltration and nerve block should be based on tissue
condition and anatomical considerations

e Use of adjuncts: Buffering, warming, and
premedication (e.g., NSAIDs) can enhance anaesthetic
success

¢ Patient-specific considerations: Age, systemic
health, anxiety levels, and mucosal condition must
guide clinical decisions

A systematic mucosal-based anaesthetic selection
process, represented in Figure 3, can have an important
positive effect on clinical outcomes. Table 3 provides a
summary of specialty-specific anaesthetic strategies.

C Assess Mucosal Condition )
8 Healthy vs Diseased Tissue J

!

| |
[ Healthy Tissue I

| |
( Inflamed / Infected Tissue ]

+ {
| Standard Infiltration / Block * Consider Buffering +
Supplemental Injection
+

(. Ulcerated Tissue |

¥

. Avoid Lesion, nject Adjcent Tisue |

¥
[ rootcone )
L 2

Prefer Nerve Block Tethnique

( Evaluate Patient Factors j

) 2

[ Finalize Anaesthetic Plan j

Figure 3. Clinical Decision-Making Algorithm for Local Anaesthetic Selection Based on Oral Mucosal Condition
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Table 3. Recommended Anaesthetic Strategies Across Dental Specialties

Specialty Condition Preferred Technique Drug Choice Notes

Prosthodontics Atrophic mucosa | Infiltration Lidocaine Use minimal
volume

Prosthodontics Flabby ridge Nerve block Articaine A.VOId . tissue
distortion

ejprd.org- Published by Riset Publishing Services LLC.
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Restorative lele;i:lble Block + supplemental Articaine Consider buffering

Restorative Endodontlc Intraosseous/intraliga Lidocaine Pre-op NSAIDs
infection mentary helpful

Orthodontics Mini-implant Infiltration Lidocaine Usually sufficient
placement

Orthodontics Sqft ' tissue Topical/infiltration Benzocalne/leoca Avoid inflamed
irritation ine areas

General Fibrotic mucosa Nerve block Bupivacaine Longer. duration

beneficial

6. Strategies to Improve Local Anaesthetic
Effectiveness and Future Directions

Predictable and effective local anaesthesia (LA) in oral
mucosal conditions that change is a major clinical issue.
The recent developments in delivery systems,
pharmacological adjustments, adjunctive treatment, and
newer technologies have tried to overcome these
shortcomings. In this part, the author will discuss
evidence-based  recommendations to  improve
anaesthetic outcomes and future trends in this dynamic
area.

6.1 Advanced Delivery Systems

Advancements in systems of aesthetic delivery have
made great contributions to accuracy, comfort of the
patient, and clinical results. The computer-controlled
local anaesthetic delivery (CCLAD) system is one of
these developments that has made possible the
regulation of flow rates and pressure, which reduces
pain on injection. Research has shown that CCLAD
systems enhance patient acceptance and anxiety,
especially in sensitive mucosal situations [35].
Intraligamentary and intraosseous injection methods are
very effective where the normal nerve block methods
fail, particularly in inflamed or infected tissues. Such
methods enable the delivery of the anaesthetic solution
directly or near the target area, bypassing the barrier of
a dense cortical bone or fibrotic tissue [18].

Also, needle-free jet injection systems have been
investigated as an alternative route of administering
anaesthetic agents transmucosally, which decreases fear
and pain associated with the use of needles. They have
limited clinical applicability, though, because the depth
of anaesthesia is inconsistent.

6.2 Buffering Techniques and Warming

Local anesthetic solutions have been documented as
effective in buffering with sodium bicarbonate.
Buffering raises the pH of the solution and sets the
equilibrium towards the non-ionized state of the drug,
allowing the drug to penetrate the nerve much faster and
experience less pain during injection [21].

Likewise, heating of anaesthesia solution to body
temperature has been found to ease discomfort during
injection and could minimally improve the onset time.
Though the clinical effects are not substantial, this
intervention, which is very easy and inexpensive, can
improve patient experience, especially in sensitive
mucosal conditions [36].

Both buffering and warming are viable examples of
practical changes that can be made at the chairside and
could be added easily into the everyday dental practice.
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6.3 Use of Adjuncts (NSAIDs and Sedation)
Pharmacological interventions by adjunctive means are
important in enhancing anaesthetic success, particularly
in instances where there is inflammation or pain
hyperirritability. Use of nonsteroidal anti-inflammatory
drugs (NSAIDs) before local anaesthesia has been
demonstrated to improve the effect of local anaesthesia
by inhibiting inflammatory mediators and sensitisation
of nociceptors [37].

Alternative methods of sedation, such as nitrous oxide
inhalation sedation and orally administered anxiolytics,
may also enhance the comfort of patients and perception
of anxiety-related pain. It has been determined that
anxiety plays a critical role in determining the pain
threshold and anaesthetic success, especially in
complicated or lengthy operations [38].
Pharmacological adjuncts coupled with optimised
anaesthetic procedures can play a major role in
enhancing clinical outcomes in difficult cases.

6.4 Emerging Technologies (Nanocarriers and
Liposomal Anaesthetics)

The emerging studies have been directed towards
improving the pharmacokinetics of the local
anaesthetics by developing efficient drug delivery
systems, such as nanocarriers and liposomal
formulations. Nanocarriers improve the stability of
drugs, controlled delivery, and targeted delivery, which
may improve efficacy and decrease systemic toxicity
[39].

The local anaesthetic profile of liposomal bupivacaine
is the longest lasting as the drug is released
progressively. These are promising formulations that
have demonstrated efficiency in surgical practice and
could be used in the future in dentistry, especially in
operations that involve prolonged analgesia [40].

These technologies have full potential; however, further
clinical validation must be achieved before such new
technologies can be widely adopted in dental practice.

6.5 Personalized Dentistry Approaches

The idea of personalized dentistry is becoming popular,
which is focused on the individualized treatment
planning based on the patient-specific factors that are
genetic  profile, systemic health, and tissue
characteristics. The differences in metabolism of drugs,
perception of pain, and response of tissues may have a
profound impact on anaesthetic results [41].

As an example, the patient's response to local
anaesthetic could be changed due to genetic
polymorphisms in the function of sodium channels or
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the metabolism of the drug. On the same note, systemic
disorders like diabetes or chronic inflammation demand
specific anaesthetic approaches to enable the best results.
Precision medicine can be improved further in the future,
thus enabling clinicians to anticipate anaesthetic
response and tailor the treatment plans to meet the needs
of this response.
Key Emphasis: and Future
Innovations

Current evidence supports the use of advanced delivery
systems, buffering techniques, and adjunctive therapies
to improve anaesthetic effectiveness. However, several
research gaps remain:

e Limited large-scale
emerging technologies

e Inconsistent evidence regarding warming techniques
e Need for standardized protocols in compromised
mucosal conditions

e Lack of integration of genetic and personalized
approaches in routine practice

The innovations that are likely to be developed in the
future are targeted drug delivery, biocompatible carriers,
and Al-assisted clinical decision-making, which could
redefine anaesthetic management in dentistry

Evidence, Gaps,

clinical trials evaluating

7. Conclusion

The effect of excellent local anaesthesia in dentistry is
significantly dependent on the pathological and
structural specifics of the mucosa of the mouth. As noted
in this review, differences in mucosal type, vascularity,
pH, and underlying disease conditions can have
important effects on the pharmacokinetics and clinical
performance of local anaesthetic agents. The
inflammatory, ulcerative, infectious, systemic, and
fibrotic conditions pose their own problems, which
could undermine the success of anaesthetics. In all types
of prosthodontic, restorative, and orthodontic
procedures, clinicians need to be cognizant of the fact
that traditional anaesthetic modalities are not
necessarily predictable. Rather, a unique strategy taking
into account the condition of the tissues and the
specificity of the patient is necessary. Changes to
injection technique, choice of suitable anaesthetic use,
including adjunctive measures like buffering,
premedication, and state-of-the-art delivery devices, can
be of significant benefit to clinical outcome. The new
technologies, such as nanocarrier-based systems and
liposomal formulations, have good potential for
enhancing drug delivery and increasing the effects of
anaesthesia. Also, the increasing tendency of individual
dentistry makes the inclusion of personal patient
characteristics in anaesthetic planning important. As
much as these have been achieved, more studies should
be conducted to help develop a common set of
procedures to be used in the management of weakened
mucosal diseases and also to confirm the clinical
usefulness of new technologies. Research in the future
should aim to conduct large-scale clinical trials,
molecular pathways of anaesthetic resistance, and the
application of precision medicine in dental anaesthesia.
In  conclusion, optimizing local anaesthetic
effectiveness requires a comprehensive understanding
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of oral mucosal biology, pharmacology, and clinical
adaptability, ultimately enabling more predictable and
patient-centered dental care.
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