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Abstract

Profound analgesia or pain control with local anesthetics is essential for most dental 
procedures in endodontic and restorative treatments, tooth extraction and minor oral surgery. 
However, dental clinicians frequently experience that it is difficult for infiltration and nerve 
block injections to achieve clinically acceptable local anesthesia in the presence of pupil and 
periapical inflammation. Local anesthetic failures are well documented especially when treating 
mandibular posterior teeth with inflamed pulps. Successful local anesthesia of patients with 
irreversible pulpitis is continually challenging in dentistry. A variety of mechanisms have been 
hypothetically proposed for such reduced efficacy of local anesthetics. Among mechanistic 
hypotheses, technical injection errors, mandibular anatomical variations and psychological 
factors are not directly related to inflammation, whereas inflammation-relevant mechanisms 
include alterations in the peripheral vascular system, nociceptive neurons, drug targets and 
central nervous sensitivity. However, none of them explain all aspects of dental anesthetic 
failures. The reasons why inflammatory lesions affect local anesthetics to decrease their effects 
are not fully understood. This article reviews pharmacological mechanisms underlying the failures 
of dental local anesthesia by focusing on inflammatory acidosis, products and mediators which 
would modify the properties of anesthetic agents and their targets. From a pharmacological 
point of view, different strategies to enhance the efficacy of local anesthetics are discussed 
about the drug selection based on structural and physicochemical characteristics, the buffering 
of injection solutions, the promotion of peripheral vasoconstriction, the premedication with anti-
inflammatory drugs, the use of drug delivery systems, the application of new dental anesthetics, 
and the supplementary anesthesia.

INTRODUCTION
Local anesthesia is clinically an essential part of dental 

practices to perform endodontic and restorative treatments, tooth 
extraction and minor oral surgery without pain preoperatively, 
intraoperatively and immediate postoperatively. There are basic 
techniques for dental anesthesia: infiltration, nerve block and 
topical application [1]. For infiltration anesthesia, local anesthetic 
solutions are administered close to teeth and periodontal tissues 
to be anesthetized, diffusing anesthetic molecules only to the 
terminal nerve endings. The induced anesthesia and analgesia 
are confined to the injection zone and the structures innervated 

by the network of fine nerve branches, not extending beyond the 
diffusion zone of drugs. Infiltration injection is employed when an 
individual tooth or a specific area is required to be anesthetized. 
This technique is commonly useful for anesthetizing maxillary 
teeth and soft tissues. For nerve block anesthesia, local anesthetic 
solutions are administered around the main trunk of a sensory 
nerve to block all sensory inputs from the all regions of tissues 
innervated by that nerve. The anesthetized area involves all of 
the nerve distribution distal to the injection site, so being wider 
than that in infiltration anesthesia. Topical anesthesia is used to 
block free nerve endings supplying the mucosal surfaces. Local 
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anesthetics applied as a liquid spray or a paste can minimize the 
discomfort or pain of needle insertion.

Maxillary teeth receive the sensory nerve supply from 
anterior, middle and posterior superior alveolar nerves, all 
of which are branches of the maxillary division of a trigeminal 
nerve. To affect these nerves, buccal and palatal infiltrations 
are employed as well as a posterior superior alveolar nerve 
block. Anesthetizing maxillary teeth is relatively easy because 
the cortical bone of a maxilla is so thin on its buccal aspect that 
administered anesthetic solutions can readily diffuse through 
it. The satisfactory anesthesia of dental pulps is achievable 
in most restorative treatments by a single buccal infiltration 
injection. Mandibular teeth receive the sensory nerve supply 
from an inferior alveolar nerve, which is a branch of the 
mandibular division of a trigeminal nerve. The cortical bone of a 
posterior mandible is too thick to permit the penetration of local 
anesthetics administered by the buccal infiltration. The inferior 
alveolar nerve is anesthetized by blocking the nerve trunk before 
it enters the bone at a mandibular foramen on the medial aspect 
of the ramus. Inferior alveolar nerve block is predominantly used 
to produce analgesia for the mandibular body and the pulps 
of mandibular teeth on the injection side of a mouth, except a 
central incisor where there may be the cross-over supply from an 
inferior alveolar nerve on the opposite side.

In addition to these characteristics in administration 
and affected peripheral nerves, dental local anesthesia has a 
distinctive feature that anesthetic agents are almost always 
administered to patients with pulpal, periapical, periodontal 
and alveolar inflammation. However, such cases are 
problematic for obtaining clinically satisfactory effects. Dental 
clinicians frequently experience poor analgesia in teeth having 
inflammatory lesions or fail to achieve profound anesthesia 
by infiltration and nerve block techniques in the situations of 
pulpitis and apical periodontitis [2,3]. Especially in teeth with 
irreversible pulpitis, the anesthetic effects of infiltration, nerve 
block and intraosseous injections are remarkably decreased [4-
6]. Buccal infiltration anesthesia shows the success rates of 57-87 
% for patients with irreversible pulpitis in maxillary teeth [7-9] 
and 65-69 %for patients with irreversible pulpitis in mandibular 
teeth [10]. For infiltration injections supplemented after an 
incomplete inferior alveolar nerve block, the anesthesia success 
ranges 29-71 % [11]. With respect to inferior alveolar nerve 
block anesthesia for mandibular posterior teeth, clinical studies 
have demonstrated high failure rates of 30-45% or low success 
rates of 19-56% in patients with irreversible pulpitis even when 
experienced clinicians perform and proper procedures are 
employed [2,12]. Inferior alveolar nerve block injections with 
different local anesthetics show the anesthesia success rates of 
58–76 % for mandibular posterior teeth with irreversible pulpitis 
[10,13]. Neither buccal-plus-lingual infiltration nor nerve block 
alternative to conventional techniques gives profound anesthesia 
to mandibular molars with pulpal inflammation [14]. Achieving 
clinically satisfactory analgesia of inflamed pulps remains a 
challenging problem in dental anesthesia [15].

The reduced efficacy of dental anesthetics has been 
interpreted by a variety of hypothetical mechanisms. Besides 
inflammation-irrelevant causative factors such as technical 

injection errors, mandibular anatomical variations and 
psychological contributions, mechanistic hypotheses associated 
with inflammatory lesions have been proposed as follows: (1) the 
influence on the peripheral vascular system, (2) the alteration 
of nociceptors, (3) the sensitivity reduction of anesthetic 
targets and (4) the central sensitization [15,16]. In inflamed 
tissues, inflammatory mediators and pathological vasculature 
changes induce peripheral vasodilation, which decreases the 
concentrations of local anesthetics at the administered site by 
promoting their systemic absorption. Inflammatory mediator 
prostaglandin E2 is a potent vasodilator to synergize with other 
vasoactive mediators: bradykinin and histamine [17]. Bradykinin 
activates nociceptors and prostaglandin E2 sensitizes nociceptors 
to reduce the neuronal firing threshold. Such alterations lead 
to the resistance of peripheral nerves against local anesthetics 
[18]. As described below, local anesthetics primarily target Na+ 
channels, which are classified into tetrodotoxin-sensitive and 
-resistant Na+ channels. Among them, tetrodotoxin-resistant Na+ 
channels expressed on nociceptors are much less sensitive to local 
anesthetics [19]. While Na+ channels are increasingly expressed 
in inflamed dental pulps [20], one subtype of tetrodotoxin-
resistant Na+ increases in patients with neuropathic pain [21]. 
Since these pathological changes are localized near the injection 
site, not evident at areas distant from it, they are likely to be 
responsible for the failure of infiltration anesthesia rather than 
that of nerve block anesthesia. Inflammation may also induce 
central sensitization, the increased excitability of pain fibers in 
the central nervous system [22], contributing to local anesthetic 
failures. However, none of these hypotheses explain all aspects of 
unsuccessful dental anesthesia.

This article reviews pharmacological mechanisms underlying 
the reduced efficacy of dental anesthetics in the presence of 
inflammation. Based on them, possible strategies to improve the 
success rate of local anesthesia and produce clinically acceptable 
analgesia are also discussed.

Local anesthetics and dental formulations

Since the discovery of cocaine as a first local anesthetic 
in 1884, a variety of local anesthetics have been introduced to 
dentistry. However, ester local anesthetics like procaine were 
largely replaced by more effective, longer acting, but less allergic 
drugs of an amide type. Representative amide local anesthetics 
are shown in Figure (1).

Dental formulations of currently used local anesthetics are 
shown in Table (1), together with the clinical properties [23-
25]. Because of lower effectiveness and higher incidence of 
allergic reactions, dental formulations containing ester agents 
are no longer marketed in the United States [26]. Lidocaine is the 
predominant local anesthetic in dentistry because of excellent 
efficacy and safety [27]. Articaine shows the onset time and 
profundity of anesthesia almost comparable to those of lidocaine, 
whereas it possesses the shortest metabolic half-life of dental 
anesthetics due to its characteristic structure containing an 
ester side-chain. Almost all of local anesthetics intrinsically exert 
vasodilatory effects, but with different potencies. Therefore, 
vasoconstrictors such as epinephrine and levonordefrin (only 
for dental mepivacaine cartridges) are concomitantly used to 
retain anesthetic molecules in the vicinity of neuronal tissues 
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Figure 1 Representative amide local anesthetics.

Table 1: Local anesthetic formulations available in dental cartridges.
Local
anesthetic Concentration Vasoconstrictor Onset* Pulpal anesthesia duration

(expected duration)**

Lidocaine 2% Plain Fast Very short
(10 min)

2% 1:100,000 Epinephrine Fast Medium
(60 min)

2% 1:50,000 Epinephrine Fast Medium
(60 min)

Articaine 4% 1:200,000 Epinephrine Very fast Medium
(60 min)

4% 1:100,000 Epinephrine Vary fast Medium
(60 min)

Mepivacaine 3% Plain Fast Short
(20-40 min)

2% 1:20,000 Levonordefrin Fast Medium
(60 min)

Prilocaine 4% Plain Fast Short ~ Medium
(5-60 min)

4% 1:200,000 Epinephrine Fast Medium ~ Long
(60-90 min)

Bupivacaine 0.5% 1:200,000 Epinephrine Medium Very long
(90-180 min)

* Data from Jastak JT, Yagiela JA, Donaldson D [23].
** Data from Malamed SF [24].

after injection, prolong the duration of local anesthesia, reduce 
the adverse or toxic effects of anesthetics, and decrease localized 
bleeding at the administration site. Because mepivacaine and 
prilocaine have minimal or much less vasodilating activity 
compared with other local anesthetics, their formulations without 
a vasoconstrictor (plain agents) are also available. Although 
its cardiotoxicity is relatively high, long-acting bupivacaine 
provides not only adequate surgical anesthesia but also effective 

postoperative pain control.

Pharmacological mechanisms of local anesthetics

Local anesthetics are a class of drugs to prevent signals 
transferred from the periphery to the central nervous system 
by regional administration. They remain the most effective 
and safest drugs in dentistry to control intraoperative pain. 
In the currently accepted mode of action, local anesthetics are 
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considered to block voltage-gated (voltage-dependent, voltage-
sensitive) Na+ channels (Nav channels) with a higher affinity to 
Na+ channels in an inactivated phase and inhibit sensory and 
motor functions reversibly [28].

Voltage-gated Na+ channels, integral membrane proteins 
composed of a core α-subunit associated with one or more 
regulatory β-subunits, are responsible for the initiation and 
propagation of action potentials in excitable cells in the peripheral 
nervous system and the cardiac system. The α-subunit not only 
forms the pore permeable for Na+ ions but also contains the 
binding or receptor site for local anesthetic and anti-arrhythmic 
drugs, and for several neurotoxins. Local anesthetics bind to 
such a site, causing occlusion of the pore to block Na+ channels. 
At least nine distinct Na+ channel α-subunits (Nav1.1 to Nav1.9) 
have been cloned from mammals. Nav1.7, Nav1.8 and Nav1.9 are 
the primary isoforms of nociceptive neurons in the peripheral 
nervous system and Nav1.1, Nav1.2, Nav1.3 and Nav1.6 are 
the primary isoforms in the central nervous system, whereas 
Nav1.4 and Nav1.5 are in skeletal muscle and heart, respectively 
[29]. Nav1.7 and Nav1.8 isoforms are especially crucial for 
the excitability of pain neurons (nociceptors), therefore both 
channels are implicated as the essential targets for anesthetic and 
analgesic drugs. Based on their affinity for a specific neurotoxin, 
Na+ channel subtypes are also divided into tetrodotoxin-sensitive 
voltage-gated Na+ channels (including Nav1.1, Nav1.2, Nav1.3, 
Nav1.4, Nav1.6 and Nav1.7) and tetrodotoxin-resistant voltage-
gated Na+ channels (including Nav1.5, Nav1.8 and Nav1.9), in 
which Nav1.8 and Nav1.9 are predominantly found in dorsal root 
ganglion neurons.

Amide local anesthetics have the common amphiphilic 
structure that is composed of three portions: the hydrophobic 
moiety consisting of an aromatic ring, the intermediate chain 
of an amide bond and the hydrophilic moiety consisting of an 
amino terminus (Figure 1). The aromatic residue confers lipid-
solubility on a drug molecule, whereas the positively chargeable 
amino group, water-solubility. Local anesthetics occur in vivo 
in uncharged and charged forms. According to the Henderson-
Hasselbalch equation (Log10 [uncharged molecules] / [charged 
molecules] = pH – pKa), the relative fraction of uncharged to 
charged molecules depends on drug’s pKa and medium pH. 
Because of the presence of substituted amino groups, amide local 
anesthetics are referred to as the bases with pKa values ranging 
from 7.7 to 8.1 at 37°C [30]. Most solutions of local anesthetics 
are manufactured at pH 3-4 because their molecules in a charged 
form are more stable at acidic pH as is a concomitantly used 
vasoconstrictor. Once drug solutions are injected, the equilibrium 
between uncharged and charged molecules is established in 
extracellular fluids, where their relative proportion is determined 
by the regional tissue pH and drug pKa values (Figure 2). Only 
uncharged molecules are able to diffuse into or across the lipid 
bilayers of neuronal membranes to access Na+ channel binding 
sites or act on membrane lipids as well as penetrate tissues 
through the lipid barriers of nerve sheaths. After diffusing across 
cell membranes, the equilibrium between uncharged and charged 
molecules is re-established in intracellular fluids of cytoplasm.

In the drug-protein interaction mechanism (Figure 3), 
charged molecular species exclusively bind to the receptor 
sites of Na+ channels, with a resultant change of channel 
protein conformation and subsequent prevention of the influx 

Figure 2 Equilibrium between uncharged and charged molecules of lidocaine, the in vivo relative fraction of which is determined according to the 
Henderson-Hasselbalch equation.
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Figure 3 Pharmacological mechanisms for local anesthetics and their reduced efficacy.

of Na+ ions, blocking Na+ channels to inhibit the propagation 
of action potentials in neuronal and cardiac cells. Local 
anesthesia is an interfacial phenomenon associated with the 
molecular interaction that occurs at the interface between 
lipid-bilayer biomembranes and aqueous environments [31]. 
In the drug-membrane interaction mechanism (Figure 3), 
local anesthetics act on membrane-constituting lipids, directly 
affecting the neurotransmission function of nerve cells and 
indirectly inhibiting the activity of Na+ channels by altering the 
membrane lipid environments surrounding channel proteins 
through the modification of membrane property (fluidity, order, 
microviscosity or permeability), with a subsequent change of 
protein conformation [32,33]. Both channel protein interaction 
and membrane lipid interaction inhibit the depolarization of cell 
membranes to prevent the transmission of nerve impulses from 
the peripheral nociceptors to the central nervous system. The 
structure-dependent effects of local anesthetics are derived from 
the specific stereostructure of Na+ channel proteins and from the 
specific lipid composition of biomembranes [34-36].

Inflammatory acidosis mechanism for anesthetic 
failure

A carious lesion extends into the dentine and bacteria enter 
the pulp chamber, causing pulpal inflammation. Pathological 
changes caused by bacterial metabolic by-products reduce the 
pH within affected tissues [16]. Inflammation-relevant acidic 
metabolites like lactic acid are increasingly produced and 
concentrated in inflamed tissues, resulting in inflammatory 
acidosis that decreases the tissue pH at least the order of 0.5–1.0 
pH unit [37,38].

While local anesthetics act on Na+ channels much faster and 

produce greater conduction block at alkaline pH compared with 
neutral pH, the major effect of pH is on drug ionization, not on 
channel protein [30]. Local anesthetics diffuse into and across 
the lipid bilayers of neuronal membranes in an uncharged 
(nonionized) form, whereas reversibly act on the cell-interior 
receptor sites of Na+ channels in a charged (ionized) form. 
Because the pKa values of almost all of local anesthetics in dental 
use are larger than 7.6 at 37°C [30,39], the relationship between 
uncharged and charged molecular fractions as a function of pH 
(5.0–7.6) is shown in Figure (4), which was calculated according 
to the Henderson-Hasselbalch equation by using the pKa values 
of drugs [39,40]. Greater proportions of the administered 
drugs exist in a charged form under acidic conditions. Because 
the charged molecules lose both membrane permeability and 
membrane activity in inflammatory acidosis, local anesthetics 
can neither access the intracellular binding sites on Na+ channels 
nor interact with the lipid bilayers of neuronal membranes as 
shown in Figure (3). Therefore, the efficacy of local anesthetics 
would be remarkably reduced in the presence of inflammation. 
This acidosis hypothesis has been widely accepted because of its 
theoretical simplicity and understandability.

The potencies of drugs to penetrate through nerve sheath 
lipid barriers, diffuse into or across neuronal membranes and 
act on membrane lipids can be comparatively studied by using 
the interactions with lipid membrane preparations [33,41]. 
However, the interaction of drug molecules with biomembranes 
is not identical to that presumed from the organic/aqueous phase 
partition or the partition between bulk apolar hydrocarbons and 
water, although such partitions have been quoted for building 
up the acidosis theory. The membrane lipid composition also 
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significantly influences the membrane interactivity of amphiphilic 
drugs. Tsuchiya et al. [42] and Ueno et al. [43] experimentally 
verified the acidosis mechanism by subjecting local anesthetics 
to the reactions with different biomimetic membranes at 
varying pH. Lidocaine, prilocaine and bupivacaine interacted 
with the membranes consisting of phosphatidylcholine at pH 
6.4 (comparable to the inflamed tissue conditions) much less 
potently than at pH 7.4. However, these local anesthetics were 
found to interact with neuro-mimetic membranes containing 
phosphatidylserine at pH 6.4 with almost the same potency as 
at pH 7.4. Unlike zwitterionic phosphatidylcholine, membrane-
constituting phosphatidylserine is anionic. Positively charged 
(cationic) molecules of local anesthetics are speculated to interact 
electrostatically with such anionic phospholipid membranes even 
under acidic conditions. The speculative electrostatic membrane 
interaction is supported by greater interactivity of bupivacaine 
with the membranes containing anionic cardiolipin [35]. These 
membrane interactions in experimental acidosis do not agree 
with the inflammatory acidosis mechanism. Inflammation 
decreases only the order of 0.5 pH unit in tissues [37] and the 
ability to buffer excess acidity is more potent in inflamed tissues 
[44,45]. Such pathological features are additionally unfavorable 
for the mechanistic acidosis hypothesis.

Other possible mechanisms associated with 
inflammation

Mechanisms alternative to the inflammatory acidosis are 
proposed to explain the failure of dental anesthesia. Mechanistic 
hypotheses include the contribution of inflammation-relevant 
peroxynitrite and the inflammation-induced alteration of 
nociceptors.

(1) Contribution of peroxynitrite: Peroxynitrite is 
implicated in the pathogenesis of various diseases including 
inflammation [46]. Inflammatory cells produce peroxynitrite 
through the reaction between nitric oxide and superoxide anion, 
both of which are present in inflamed tissues. Ueno et al. [43] 
investigated whether inflammatory peroxynitrite may contribute 
to the local anesthetic failure by interacting with drug molecules 
and/or membrane lipids (Figure 3). They treated neuro-mimetic 
membranes with lidocaine, prilocaine and bupivacaine together 
with 50 μM peroxynitrite at pH 7.4 and 6.4 under conditions 
consistent with the peroxynitrite exposure by activated 
inflammatory cells [47]. Consequently, the membrane-interacting 
properties of local anesthetics were significantly suppressed by 
peroxynitrite. In their following study [48], peroxynitrite was 
proved to affect local anesthetic molecules directly. Lidocaine 
interacted with phospholipid membranes to modify their 
physicochemical property at clinically relevant concentrations, 
but this membrane effect was decreased by pretreating lidocaine 
with 50–250 μM peroxynitrite. Ueno et al. [49] also investigated 
the effect of peroxynitrite on membrane lipids and revealed that 
the interactions of lidocaine with neuro-mimetic membrane 
are inhibited when pretreating the membranes with 0.1–50 μM 
peroxynitrite.

Inflammatory peroxynitrite also has the ability to react with 
lidocaine and bupivacaine [50,51]. Takakura et al. [52] reported 
that peroxynitrite decreases the inhibitory effect of lidocaine on 

trigeminal nerve response.

Peroxynitrite possibly affects local anesthesia by acting 
on both drug molecules and neuronal membranes. Since local 
anesthetic solutions are injected relatively near to inflammatory 
lesions in dental anesthesia [23], inflammatory peroynitrite 
would mechanistically contribute to the reduced efficacy of 
infiltration anesthesia.

(2) Alteration of nociceptors: Inflammation may affect 
pain perception to produce hyper-excitability or hyperalgesia 
[53]. The acidic pH is one of factors to activate and sensitize 
nociceptive neurons [54,55]. Inflammatory mediators and tissue 
acidosis are hypothesized to promote nociceptive transmission 
synergistically.

Inflammation was suggested to enhance the excitability of 
sensory nerves and induce the orofacial hyperalgesia by Byers 
et al. [56] and by Morgan and Gebhart [57]. Inflammatory media-
tors such as bradykinin and prostaglandin E2 activate or sensi-
tize nociceptive neurons to reduce the depolarization threshold 
of relevant Na+ channels [58]. The sensitization and activation of 
peripheral nerves could make the nociceptive neurons resistant 
to local anesthetics [59].

As described above, local anesthetic-targeting voltage-gated 
Na+ channels are classified into tetrodotoxin-sensitive and 
-resistant channels expressed on nociceptors. Na+ channels of 
the latter type, including Nav1.8 and Nav1.9, are less sensitive 
to or more resistant to local anesthetics [19,60].Therefore, one 
possible mechanism for anesthetic failures is presumed, that is, 
inflammation may evoke an increase in local anesthetic-resistant 
Na+ channels. Inflammation in rat dorsal root ganglion causes 
a significant increase of tetrodotoxin-resistant Na+ channel 
density and enhances the excitability of sensory neurons [61]. 
Nav1.8 and Nav1.9 channel isoforms belonging to a subfamily of 
tetrodotoxin-resistant Na+ channels are up-regulated in inflamed 
pulp tissues of human teeth [62,63]. Nakamura and Jang [64] 
reported that weak acid ( ≥ pH 6.0) makes tetrodotoxin-resistant 
Na+ channels in sensory neurons isolated from rat trigeminal 
ganglia to be suitable for the repetitive activation at depolarized 
membrane potentials.

Pharmacological strategies to improve the efficacy of 
local anesthetics

In order to improve the efficacy of local anesthetics, different 
strategies are presumable from a pharmacological point of 
view. They include the drug selection based on structural and 
physicochemical characteristics, the pH adjustment of injection 
solutions, the promotion of peripheral vasoconstriction, the 
premedication with anti-inflammatory drugs, the use of drug 
delivery systems, the application of new dental anesthetics and 
the supplementary anesthesia. These strategies are summarized 
in Table (2).

(1) Drug selection strategy: The inflammatory acidosis 
mechanism has clinical implications for pharmacological 
strategies to improve the efficacy of local anesthetics. The 
proportion of membrane-permeable and membrane-interactive 
molecular species depends on drug’s pKa, suggesting that the 
order of relative anesthetic potency may inversely correlate 
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Table 2: Strategies to improve the efficacy of local anesthetics.

Strategy Author Local anesthetic Study design and results*

Drug selection Hinkley et al. [65]

2% Mepivacaine with 1:20,000 
levonordefrin
2% Lidocaine with 1:100,000 
epinephrine
4% Prilocaine with1:200,000 
epinephrine

Inferior alveolar nerve blocks of molars, premolars and 
lateral incisors.
U: Three preparations induced equivalent
pulpal anesthesia.

McLean et al. [66]
3% Mepivacaine
4% Prilocaine
2% Lidocaine with1:100,000 epinephrine

Inferior alveolar nerve blocks.
U: Three preparations were not different in
success and onset.

Tortamano et al. [67] 4% Articaine with 1:100,000 epinephrine
2% Lidocaine with 1:100,000epinephrine

Inferior alveolar nerve blocks for patients with 
irreversible pulpitis in mandibular posterior teeth.
U: Two preparations exerted the similar
anesthetic effects.

Sampaio et al. [68]

0.5% Bupivacaine with 1:200,000 
epinephrine
2% Lidocaine with 1:100,000 
epinephrine

Inferior alveolar nerve blocks for pulpectomy of 
mandibular posterior teeth with irreversible pulpitis.
P: Two preparations showed different success rates.

Barath et al. [69]
2% Mepivacaine with 1:80,000 
epinephrine
2% Lidocaine with 1:80,000 epinephrine

Inferior alveolar nerve blocks for extraction of impacted 
molars.
U: Not different between two preparations.

Visconti et al. [70]

2% Mepivacaine with 1:100,000 
epinephrine
2% Lidocaine with 1:100,000 
epinephrine

Inferior alveolar nerve blocks for pulpectomy of 
posterior teeth with irreversible pulpitis.
P: Mepivacaine was superior in analgesia to
lidocaine.

Nydegger et al. [71]

4% Articaine with 1:100,000 epinephrine
4% Lidocaine with 1:100,000 
epinephrine
4% Prilocaine with 1:200,000 
epinephrine

Buccal infiltration anesthesia of mandibular molars.
P: Anesthesia success rates were articaine >
lidocaine = prilocaine.

Kanaa et al. [72]
4% Articaine with 1:100,000 epinephrine
2% Lidocaine with 1:100,000 
epinephrine

Buccal infiltration anesthesia of mandibular teeth.
P: Anesthesia success rates were articaine > lidocaine.

Abdulwahab et al. 
[73] Five marketed dental formulations

Mandibular buccal infiltrations for pulpal anesthesia.
P: 4% Articaine with 1:100,000 epinephrine was more 
effective than others.

pH adjustment Malamed et al. [79]
2% Lidocaine with 1:100,000 
epinephrine alkalized to pH 7.31

Inferior alveolar nerve blocks for pulpal anesthesia.
E: Alkalization decreased the onset time and injection 
pain.

Kashyap et al. [80] 2% Lidocaine with 1:80,000 epinephrine 
buffered to pH 7.38

Inferior alveolar lingual and buccal nerve blocks.
E: Buffering accelerated the onset of anesthesia.

Saatchi et al. [81]

2% Lidocaine with 1:80,000 epinephrine 
after 8.4% sodium bicarbonate with 
2% lidocaine containing 1:80,000 
epinephrine

Inferior alveolar nerve block after buccal infiltration for 
mandibular molars with irreversible pulpitis.
P: Anesthesia success rate was increased.

Hobeich et al. [82]
2% Lidocaine with 1:100,000 
epinephrine buffered with 5-10% sodium 
bicarbonate

Maxillary infiltration anesthesia.
U: Onset and injection pain were not different from non-
buffered  lidocaine.

Schellenberg et al. 
[83]

4% Lidocaine with 1:100,000 
epinephrine buffered with 8.4% sodium 
bicarbonate

Inferior alveolar nerve block of posterior teeth with 
irreversible pulpitis.
U: Buffering neither increased anesthesia success nor 
decreased injection pain.

Saatch et al. [84] 2% Lidocaine with 1:80,000 epinephrine 
buffered with 8.4% sodium bicarbonate

Inferior alveolar nerve block.
U: No beneficial effects were found.

Shurtz et al. [85] 4% Articaine with 1:100,000 epinephrine 
buffered with 8.4% sodium bicarbonate

Mandibular buccal infiltration anesthesia.
U: Buffering showed no effects on the success, 
onset and injection pain.

Vasoconstriction 
promotion Dagher et al. [86] 2% Lidocaine with 1:50,000, 1:80,000 or 

1:100,000 epinephrine

Inferior alveolar nerve blocks of molars, premolars and 
lateral incisors in healthy subjects.
U: Not different in pulpal anesthesia.
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Santos et al. [87] 4% Articaine with 1:100,000 or 
1:200,000 epinephrine

Buccal, lingual and inferior alveolar nerve blocks for 
healthy volunteers.
U: Epinephrine concentrations did not influence the 
clinical efficacy.

Pereira et al. [88] 4% Articaine with 1:100,000 or 
1:200,000 epinephrine

Intraosseous injections for the endodontic treatment of 
mandibular molars with irreversible pulpitis.
U: Not different in anesthetic efficacy and success rate.

Knoll-Köhler and 
Förtsch [89]

2% Lidocaine with 1:50,000, 1:100,000 
or 1:200,000 epinephrine

Pulpal anesthesia by infiltration injections.
E: The anesthetic duration was prolonged by changing 
1:200,000 to 1:100,000 epinephrine.

Premedication with anti-
inflammatory drugs Parirokh et al. [92] 2% Lidocaine with 1:80,000 epinephrine

Patients with irreversible pulpitis were premedicated 
with ibuprofen or indomethacin.
P: Both drugs increased the success rates of nerve 
block anesthesia.

Aggarwal et al. [93]
2% Lidocaine with 1:200,000 
epinephrine followed by 4% articaine 
plus 30 mg ketorolac

Patients with irreversible pulpitis received inferior 
alveolar nerve block, followed by buccal infiltration. 
P: Supplemented ketorolac increased the anesthetic 
success rate.

Oleson et al. [95] 2% Lidocaine with 1:100,000 
epinephrine

Patients with irreversible pulpitis received inferior 
alveolar nerve block after ibuprofen administration.
U: The anesthetic success rate was not different from 
control.

Aggarwal et al. [96] 2% Lidocaine with 1:200,000 
epinephrine

Patients with irreversible pulpitis were premedicated 
with ibuprofen or ketorolac.
U: Neither ibuprofen nor ketorolac increased the success 
rate of inferior alveolar nerve block anesthesia.

Drug delivery Cereda et al. [100] Liposome-encapsulated 2% prilocaine, 
lidocaine or mepivacaine

Infraorbital nerve blocks of rats.
P: Both the intensity of anesthesia and the duration of 
analgesia increased.

Wiziack Zago et al. 
[101] Liposome-encapsulated 3% prilocaine

Buccal maxillary infiltration anesthesia for healthy 
volunteers.
U: Encapsulation did not influence the anesthetic 
efficacy.

Tofoli et al. [103] Liposome-encapsulated 2-3% 
mepivacaine

Buccal maxillary infiltration anesthesia for healthy 
volunteers.
U: The anesthetic efficacy did not change.

Silva et al. [104] Liposome-encapsulated 4% articaine Infiltration anesthesia in rat inflamed tissues.
U: Neither success rate nor duration increased.

Ramos Campos et al. 
[105] Nanosphere containing 0.5% lidocaine Sciatic nerve blocks in mice.

P: The intensity and duration of analgesia increased.
Silva de Melo et al. 
[107] Nanocapsule containing articaine The cytotoxicity was assayed in vitro.

E: Encapsulation reduced the toxicity.

Serpe et al. [108] Bupivacaine cyclodextrin inclusion 
complex

Inferior alveolar nerve blocks in rats.
U: The efficacy of pulpal anesthesia did not increase.

New dental anesthetics Krzemiński et al.   
[110]

0.5% Ropivacaine
4% Articaine with 1:100,000 epinephrine

Buccal infiltration anesthesia of volunteers’ maxillary 
teeth.
P: Ropivacaine induced more rapid and longer duration 
anesthesia of 100% efficacy compared with articaine.

Bhargava et al. [111] 0.5 or 0.75% ropivacaine

Patients received inferior alveolar nerve block for 
extraction of impacted third molars.
P: Ropivacaine was a good option for dental 
surgical procedures.

Brajkovic et al. [112] 0.5% Levobupivacaine
0.5% Bupivacaine

Patients received inferior alveolar, lingual and buccal 
nerve blocks.
P: Levobupivacaine was superior to bupivacaine 
intraoperatively and postoperatively.

Supplementary 
anesthesia Kanaa et al. [113] 4% Articaine with 1:100,000 epinephrine

2% Lidocaine with 1:80,000 epinephrine

Patients with irreversible pulpitis in mandibular teeth 
received supplementary anesthesia.
P: Supplementary buccal infiltration and intraosseous 
injection induced more successful pulpal anesthesia.

* Expected effects to improve the efficacy of local anesthetics: P: Promising; E: Equivocal; U: Unpromising.
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with the decreasing order of pKa being bupivacaine > prilocaine 
≥ lidocaine ≥ articaine > mepivacaine [39,40]. Local anesthetics 
with smaller pKa values like mepivacaine are expected to be more 
effective at relatively low pH than ones with larger pKa values.

Hinkley et al. [65] compared the anesthesia degree of 2% 
mepivacaine with 1:20,000 levonordefrin, 2% lidocaine with 
1:100,000 epinephrine and 4% prilocaine with 1:200,000 
epinephrine by testing first molar, first premolar and lateral 
incisor with a pulp tester. They demonstrated that three 
anesthetic preparations are equivalent in inferior alveolar nerve 
block. McLean et al. [66] found no significant differences in onset 
and success of inferior alveolar nerve blocks when comparing 
3% mepivacaine plain, 4% prilocaine plain and 2% lidocaine 
with 1:100,000 epinephrine. Tortamano et al. [67] investigated 
the comparative efficacy of conventional inferior alveolar nerve 
blocks with articaine and lidocaine. They revealed that 4% 
articaine with 1:100,000 epinephrine and 2% lidocaine with 
1:100,000 epinephrine have similar effects on patients with 
irreversible pulpitis in mandibular posterior teeth. Sampaio 
et al. [68] also compared the anesthetic efficacy in pulpectomy 
of mandibular posterior teeth with irreversible pulpitis by 
performing conventional inferior alveolar nerve blocks of 0.5% 
bupivacaine with 1:200,000 epinephrine or 2% lidocaine with 
1:100,000 epinephrine. According to patients’ reports of none or 
mild pain during pulpectomy, the success rates of bupivacaine 
and lidocaine were 80% and 62.9%, respectively. However, 
these previous studies vary in the tested concentrations of local 
anesthetics and the presence of vasoconstrictors.

Barath et al. [69] conducted a double-blind, randomized, 

clinical trial by using the same concentrations of local anesthetics 
and a vasoconstrictor. They used 2% mepivacaine and 2% 
lidocaine, both with 1:80,000 epinephrine, in inferior alveolar 
nerve blocks for the surgical extraction of mesioangular 
bilaterally impacted third molars, but found no significant 
differences between mepivacaine and lidocaine. In contrast, 
Visconti et al. [70] reported that mepivacaine is superior to 
lidocaine in pain control during pulpectomy of mandibular 
posterior teeth with irreversible pulpitis. In their study, patients 
received conventional inferior alveolar nerve blocks of either 2% 
mepivacaine with 1:100,000 epinephrine or 2% lidocaine with 
1:100,000 epinephrine. The success rates of pulpal anesthesia 
determined by pulp tests were 86% for mepivacaine and 67% for 
lidocaine, and by patients’ reports of no pain or mild pain, 55% 
for mepivacaine and 14% for lidocaine.

Using the common 4% anesthetic formulations, Nydegger et al. 
[71] compared the efficacy of buccal infiltrations for mandibular 
first molars. They demonstrated that the anesthesia success 
rates were 55% for articaine with 1:100,000 epinephrine, 33% 
for lidocaine with 1:100,000 epinephrine and 32% for prilocaine 
with 1:200,000 epinephrine. Despite almost the same pKa 
values, Kanaa et al. [72] reported that articaine is more effective 
in infiltration anesthesia of mandibular teeth than lidocaine. In 
their randomized crossover double-blind trial, buccal infiltration 
of 4% articaine with 1:100,000 epinephrine showed 65% success 
of mandibular first molar pulp anesthesia, but 39% success for 
2% lidocaine with 1:100,000 epinephrine. Abdulwahab et al. 
[73] comparatively studied five marketed dental formulations 
including lidocaine, articaine, prilocaine, mepivacaine and 
bupivacaine. They revealed that 4% articaine with 1:100,000 
epinephrine induces profounder pulpal anesthesia in mandibular 
buccal infiltration compared with other formulations. A greater 
effect of articaine is interpretable by its characteristic molecular 
structure. Articaine exceptionally has a 2-carbomethoxy-4-
methylthiophene ring (Figure 1), which forms the intramolecular 
hydrogen bond between amine nitrogen and ester carbonyl 
oxygen group [41]. The formed hydrogen bond could modify 
the hydrophobicity of articaine molecule, enhancing its diffusion 
through connective tissues and neuronal membranes. Molecular 
dynamics in membrane lipid bilayers are different between 
articaine and other local anesthetics [74].

The pharmacological features of bupivacaine are 
advantageous for the endodontic treatment of mandibular 
molars with irreversible pulpitis as well as for the control of 
postoperative pain. This long-acting local anesthetic is more 
effective on tetrodotoxin-resistant Na+channels, including Nav1.8 
and Nav1.9, compared with lidocaine [60]. Nav1.8 and Nav1.9 
channel isoforms are up-regulated in inflamed pulp tissues 
[62,63] and the nerve fibers immunoreactive to Nav1.8 are 
significantly increased in human painful pulps [75]. Bupivacaine 
is expected to exert a more satisfactory effect. Sampaio et al. [68]  
compared the anesthetic efficacy during pulpectomy in patients 
with irreversible pulpitis of mandibular posterior teeth. The 
anesthesia success rates of inferior alveolar nerve blocks were 
80% for 0.5% bupivacaine with 1:200,000 epinephrine and 63% 
for 2% lidocaine with 1:100,000 epinephrine. However, Parirokh 
et al. [76] found no differences between 0.5% bupivacaine 
with 1:200,000 epinephrine and 2% lidocaine with 1:80,000 

Figure 4 Relationship between uncharged and charged molecular 
fractions of local anesthetics with different pKa values as a function of 
pH (5.0–7.6). The relative fractions of uncharged to charged molecules 
were calculated according to the Henderson-Hasselbalch equation.
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epinephrine when comparing the efficacy of inferior alveolar 
nerve block injections for treating mandibular molars with 
irreversible pulpitis.

Considering the possibility that inflammatory peroxynitrite 
plays a causative role in the failure of dental local anesthesia, 
drugs with the antioxidant activity are beneficial to the anesthetic 
efficacy in the presence of inflammation. In addition to the 
intrinsic effects, membrane-acting drugs including anesthetics 
possess antioxidant properties to scavenge radicals and inhibit 
membrane lipid peroxidation [77]. Because bupivacaine and 
lidocaine are more effective in inhibiting the oxidative effect of 
peroxynitrite compared with other local anesthetics [78], these 
antioxidant local anesthetics may induce more satisfactory 
analgesia.

(2) pH adjustment strategy: Commercially available local 
anesthetic solutions have the pH ranging from 3.5 to 5.5, which 
are usually prepared by adding hydrochloric acid to increase 
drug’s solubility and stability. Injecting such acidic preparations 
not only causes pain and burning sensation but also reduces 
the tissue pH of their administered sites. Once injected, the 
injection area temporarily exhibits acidosis, which increases the 
proportion of membrane-not-permeable and membrane-not-
interactive molecular species of drugs, possibly affecting local 
anesthesia. Therefore, the speculative strategy is to adjust the pH 
of injection solutions and tissues to be administered. Buffering 
(alkalization to the physiological pH) of anesthetic solutions 
should enhance the lipid bilayer permeability and membrane 
interactivity of local anesthetics, and also suppress localized 
inflammatory acidosis. The buffering of local anesthetic solutions 
has been attempted to minimize the influence of pH changes [23]. 
Sodium bicarbonate, an alkalinizing agent for metabolic acidosis, 
is commonly used for the purpose of buffering.

Malamed et al. [79] compared the pulpal anesthetic effects 
of inferior alveolar nerve block between 2% lidocaine with 
1:100,000 epinephrine alkalinized to pH 7.31 and 2% lidocaine 
with epinephrine 1:100,000 of pH 3.85. Alkalization of lidocaine 
solutions significantly reduced the onset time of local anesthesia 
and suppressed injection pain compared with non-alkalized 
solutions. Kashyap et al. [80] showed that 2% lidocaine with 
1:80,000 epinephrine buffered to pH 7.38 accelerates the onset 
of anesthesia in standard inferior alveolar, lingual and buccal 
nerve blocks. In a prospective, randomized, double-blind study 
of Saatchi et al. [81], patients with irreversible pulpitis in 
mandibular first molars received a buccal infiltration injection 
of either 8.4% sodium bicarbonate with 2% lidocaine containing 
1:80,000 epinephrine or sterile distilled water with 2% lidocaine 
containing 1:80,000 epinephrine in a double-blind manner. After 
15 min, they received conventional inferior alveolar nerve blocks 
of 2% lidocaine with 1:80,000 epinephrine. Buccal infiltration 
of sodium bicarbonate increased the anesthesia success rate to 
78%, compared with 44% for control.

In contrast, a prospective, randomized, double-blind 
comparative study of Hobeich et al. [82] is negative about 
buffering anesthetic solutions. Maxillary infiltrations of 2% 
lidocaine with 1:100,000 epinephrine buffered with 5% or 
10% sodium bicarbonate did not differ in anesthetic onset and 
injection pain from those of non-buffered 2% lidocaine with 

1:100,000 epinephrine. In a comparative study of Schellenberg 
et al. [83], patients with irreversible pulpitis in mandibular 
posterior teeth received inferior alveolar nerve blocks of 4% 
lidocaine with 1:100,000 epinephrine or 4% lidocaine with 
1:100,000 epinephrine buffered with 8.4% sodium bicarbonate. 
The buffered lidocaine formulation provided neither an increase 
in success rate nor a decrease in injection pain. Saatchi et al. 
[84] reported the same negative results for a conventional 
inferior alveolar nerve block of 2% lidocaine with 1:80,000 
epinephrine buffered with 8.4% sodium bicarbonate. In a 
prospective, randomized, double-blind study of Shurtz et al. [85], 
adult subjects received mandibular buccal infiltrations of 4% 
articaine with 1:100,000 epinephrine buffered with 8.4% sodium 
bicarbonate or 4% articaine with 1:100,000 epinephrine. When 
their molars were tested for pulpal anesthesia, buffered articaine 
did not exhibit any advantage over non-buffered articaine for 
anesthetic success, onset or injection pain.

 (3) Vasoconstriction promotion strategy: The peripheral 
vasodilation hypothesis has pharmacological implications 
to provide dental anesthetics with profounder and longer 
effects. If inflammatory vasodilation increases the systemic 
absorption of administered local anesthetics and takes away 
their substantial amounts from the injection site, the promotion 
of vasoconstriction should lead to more satisfactory anesthesia. 
Contrary to expectations, however, usefulness of this strategy 
has been equivocal in previous clinical trials. Dagher et al. [86] 
compared standard inferior alveolar nerve blocks of 2% lidocaine 
with 1:50,000, 1:80,000 and 1:100,000 epinephrine. In pulpal 
anesthesia of the first molar, first premolar and lateral incisor, 
they found no significant differences among three concentrations 
of epinephrine, although their results were obtained from 
healthy subjects. In a double-blind, randomized, crossover study 
of Santoset al. [87], healthy volunteers received buccal, lingual 
and inferior alveolar nerve blocks of 4% articaine with 1:100,000 
or 1:200,000 epinephrine. The concentration of epinephrine did 
not influence the clinical efficacy of articaine in mandibular third 
molar extraction. Pereira et al. [88] also failed to demonstrate 
a relation between vasoconstrictor concentration and local 
anesthesia in the endodontic treatment of mandibular molars 
with irreversible pulpitis. In their study, intraosseous injections 
of 4% articaine with 1:100,000 epinephrine and with 1:200,000 
epinephrine showed no differences in anesthetic efficacy and 
success rate.

Knoll-Köhlerand Förtsch [89] exceptionally reported the 
vasoconstrictor’s concentration-dependence in infiltration 
anesthesia. They compared the effects of 2% lidocaine with 
1:200,000 epinephrine, 1:100,000 epinephrine and 1:50,000 
epinephrine by injecting drug solutions into the mucobuccal 
aspect adjacent to the apex of a maxillary right incisor. The 
duration of effective pulpal anesthesia was prolonged by 
increasing the epinephrine concentration from 1:200,000 to 
1:100,000, but not to 1:50,000.

(4) Premedication strategy with anti-inflammatory 
drugs: Inflammatory mediators like prostaglandin E2 sensitize 
nociceptors and reduce the threshold to activate nociceptive 
neurons. Ketorolac, a non-steroidal anti-inflammatory drug 
usable for intramuscular injection, has a potent effect to inhibit 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Shurtz R%5BAuthor%5D&cauthor=true&cauthor_uid=26095381
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prostaglandin biosynthesis. Intraorally injected ketorolac was 
suggested as a useful adjunct for the management of endodontic 
pain [90]. Therefore, it is expected that the premedication with 
non-steroidal anti-inflammatory drugs may attenuate the pain-
potentiating effects of inflammatory mediators.

Non-steroidal anti-inflammatory drugs, such as ketorolac, 
ibuprofen, indomethacin, diclofenac and lornoxicam, have been 
investigated as an oral premedication to increase the efficacy 
of lidocaine’s nerve block anesthesia [91]. In a premedication 
study of Parirokh et al. [92], patients with irreversible pulpitis 
were given a capsule of 600 mg ibuprofen or 75mg indomethacin 
and after 60 min, they received inferior alveolar nerve blocks of 
2% lidocaine with 1:80,000 epinephrine. Overall success rates 
were 78% for ibuprofen and 62% for indomethacin, compared 
with 32% for placebo, indicating that the premedication with 
ibuprofen and indomethacin is able to increase the efficacy of 
nerve block anesthesia. In a prospective, randomized, double-
blind study of Aggarwal et al. [93], patients with irreversible 
pulpitis received standard inferior alveolar nerve blocks of 2% 
lidocaine with 1:200,000 epinephrine, followed by supplemental 
buccal infiltration with 4% articaine plus ketorolac of 30 mg. 
Consequently, supplemented ketorolac increased the success 
rate of nerve block anesthesia to 62%, being higher than 39% 
for control. However, Mellor et al. [94] reported that periapical 
infiltration with ketorolac (injected in the buccal sulcus adjacent 
to the tooth) causes severe injection pain, leading to the 
procedural discontinuation.

In a prospective, randomized, double-blind, placebo-
controlled study of Oleson et al. [95], patients with irreversible 
pulpitis received standard inferior alveolar nerve blocks of 2% 
lidocaine with 1:100,000 epinephrine after the preoperative 
administration with capsules of 800 mg ibuprofen. The success 
rate for nerve block anesthesia was 41% for ibuprofen, but with 
no difference from controls. In a clinical trial of Aggarwal et al. 
[96], patients with irreversible pulpitis were given two capsules 
containing 300 mg ibuprofen or 10 mg ketorolac and after 60 
min, they received standard inferior alveolar nerve blocks of 2% 
lidocaine with 1:200,000 epinephrine. Ibuprofen and ketorolac 
showed anesthesia success rate of 27% and 39%, respectively, 
both of which were not different from 29% for control. The 
preoperative administration of anti-inflammatory drugs does not 
necessarily improve the efficacy of nerve block anesthesia.

(5) Local anesthetic delivery strategy with drug carriers: 
The effects of local anesthetics could be increasingly influenced by 
drug delivery systems, in which drug carriers such as liposomes, 
nanoparticles and cyclodextrins are used. The effective drug 
delivery system is expected to modify or regulate the release, 
distribution, pharmacokinetics and toxicity of local anesthetic 
molecules [97].

Liposomes are microscopic vesicles composed of lipid 
bilayers that are biocompatible and biodegradable but not 
immunogenic. When amphiphilic phospholipids with a polar 
head and hydrophobic hydrocarbon tails are suspended in 
aqueous media, they spontaneously associate into bilayers with 
the hydrocarbon chains oriented toward one another and the 
polar head group in contact with the surrounding aqueous phase 
[98]. Liposomes are produced using glycerophospholipids with 

or without cholesterol, and the resulting structures are classified 
by the size and the number of bilayers into small unilamellar 
vesicles, large unilamellar vesicles, multilamellar vesicles and 
multivesicular systems [99]. Because liposomes consist of an 
aqueous compartment surrounded by one or more lipid bilayers, 
they can entrap both hydrophilic and hydrophobic (lipophilic) 
drug molecules like local anesthetics. Cereda et al. [100] reported 
that liposome encapsulation modifies the efficacy of different 
local anesthetics. They prepared large unilamellar liposomes 
with egg phosphatidylcholine, cholesterol and α-tocopherol 
(4:3:0.07, molar ratio) by extrusion (400 nm) at pH 7.4, which 
encapsulated 2% prilocaine, lidocaine and mepivacaine. In rat 
infraorbital nerve blocks, liposomal formulations increased 
the intensity of anesthetic effects by 35.3%, 26.1% and 57.1% 
and the duration time of analgesia by 30%, 23.1% and 56% for 
prilocaine, lidocaine and mepivacaine, respectively, compared 
with the plain solutions. Despite the same liposomal formulations, 
however, randomized, double-blind, crossover studies of healthy 
volunteers showed the negative results that the efficacy of buccal 
maxillary infiltration anesthesia is not improved by liposome-
encapsulated 3% prilocaine [101], liposome-encapsulated 0.5% 
ropivacaine [102] and liposome-encapsulated 2-3% mepivacaine 
[103], while being effective in increasing the duration of 
pulp and soft tissue anesthesia. Silva et al. [104] studied the 
anesthetic effects of liposomal formulations of articaine in 
inflamed tissues. They prepared multilamellar liposomes with 
egg phosphatidylcholine, cholesterol and α-tocopherol (4:3:0.07, 
molar ratio) at pH 7.4, and then prepared unilamellar liposomes 
by extrusion of the multilamellar vesicles using a 400 nm 
membrane. Articaine was added directly to the two liposome 
preparations to be a concentration of 4%. When comparing the 
anesthetic efficacy after infiltrations into rat inflamed tissues 
(induced by plantar incision into the hind paw), 4% articaine 
with 1:100,000 epinephrine provided higher success and longer 
duration of anesthesia rather than unilamellar and multilamellar 
liposome-encapsulated articaine.

Nanoparticles between 1 and 100 nm in size are composed of 
hydrophobic polymers such as poly(ε-caprolactone), polylactide, 
polylactide-co-glycolide, etc. There are different polymeric 
particles, including spheres and capsules. Nanospheres are 
the structures with a polymeric matrix, while nanocapsules 
are the reservoir systems consisting of a core normally with 
an oily medium surrounded by a polymeric wall [99]. Local 
anesthetic molecules can be retained or adsorbed by the matrix 
of nanospheres and be dissolved in the core or adsorbed onto 
the polymeric wall of nanocapsules. Ramos Campos et al. 
[105] prepared poly(ε-caprolactone) nanospheres to contain 
lidocaine and characterized their physicochemical properties 
and drug release mechanism. In sciatic nerve blocks of mice, 
they found that 0.5% lidocaine-containing nanospheres increase 
the intensity and duration of analgesia compared with 0.5% 
lidocaine plain solutions. Grillo et al. [106] reported the similar 
findings for 0.5% bupivacaine-containing polymeric alginate 
nanoparticles in mouse sciatic nerve block. Silva de Melo et 
al. [107] successfully encapsulated articaine in poly(ethylene 
glycol)-poly(ε-caprolactone) nanocapsules. They obtained the 
promising result that the nanocapsule encapsulation reduces the 
toxicity of articaine.
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Cyclodextrins are cyclic oligosaccharides consisting of six 
or more α-1,4-linked D-glucopyranose units. Since this cyclical 
configuration produces a hydrophobic (lipophilic) central cavity 
and a hydrophilic outer surface, cyclodextrins form inclusion 
complexes with local anesthetics, allowing slow release of 
anesthetic molecules [99]. Serpe et al. [108] revealed that 
bupivacaine 2-hydroxypropyl-β-cyclodextrin inclusion complex 
prolongs the duration of local anesthesia in rats, but such a drug 
delivery system does not increase the efficacy of bupivacaine for 
pulpal anesthesia after inferior alveolar nerve block.

Although drug delivery systems are effective in prolonging 
the duration of nerve block to produce long-lasting anesthesia 
and analgesia, liposomes, nanoparticles and cyclodextrins do not 
necessarily increase the efficacy of dental local anesthetics. Nor 
they have been clinically used for infiltration and nerve block 
anesthesia of patients with irreversible pulpitis.

(6) Application strategy of new dental local anesthetics: 
Since the clinical use in the 1960s, bupivacaine had been 
commonly marketed as a racemic mixture of bupivacaine that 
consists of equimolar enantiomers: S(–)-bupivacaine of the 
levo-rotatory configuration and R(+)-bupivacaine of the dextro-
rotatory configuration. In the 1990s, however, an urgent problem 
of its significant cardiotoxicity led to the first development of 
an S(–)-enantiomeric local anesthetic, ropivacaine, followed by 
levobupivacaine as a pure S(–)-enantiomer of bupivacaine [109]. 
Ropivacaine and levobupivacaine are less toxic to cardiovascular 
and central nervous systems than their counterpart enantiomer 
and racemate. Although neither ropivacaine nor levobupivacaine 
is available in dental cartridges, these enantiomeric drugs may 
meet the property as a long-acting anesthetic effective for pain 
control during the treatment of irreversible pulpitis and have 
clinical advantages over racemic bupivacaine. In particular, 
less cardiotoxic ropivacaine is expected to be a new dental 
local anesthetic because it needs no vasoconstrictors due to its 
vasoconstrictive activity at relatively low concentrations. In a 
randomized study of Krzemiński et al. [110], buccal infiltration 
with 0.5% ropivacaine plain achieved more rapid and longer 
duration anesthesia of pulp and soft tissue to show 100% 
efficacy for maxillary central and lateral incisors and canines. 
The comparative study on concentration and anesthetic efficacy 
of Bhargava et al. [111] suggested that 0.75% ropivacaine 
plain is suitable for inferior alveolar nerve block in the surgical 
extraction of mandibular molars. Levobupivacaine could be 
an alternative to bupivacaine in dental procedures requiring 
profound bone and soft tissue anesthesia. In inferior alveolar, 
lingual and buccal nerve blocks, 0.5% levobupivacaine plain is 
superior to 0.5% bupivacaine plain in intraoperative anesthesia 
and postoperative analgesia for the lower third molar surgery, 
although no differences were found in the success rate, onset and 
duration of mandibular nerve blocks [112].

(7) Supplementary anesthesia strategy: Inferior alveolar 
nerve block as the predominant choice for anesthetizing 
mandibular teeth does not always allow the pain-free treatment 
for patients with irreversible pulpitis. When failing in pain 
control by this technique, supplementary local anesthesia with 
intraosseous, intraligamentary and infiltration injections may 
provide clinically satisfactory results. Clinical trials of Kanaa 

et al. [113] indicated that supplementary anesthesia by buccal 
infiltration with 4% articaine plus 1:100,000 epinephrine and 
by intraosseous injection with 2% lidocaine plus 1:80,000 
epinephrine are more successful for pulp anesthesia of 
patients with irreversible pulpitis in mandibular teeth than 
intraligamentary and repeat nerve block injections with 
2% lidocaine plus 1:80,000 epinephrine. A supplementary 
intraosseous injection may be especially useful for increasing 
the anesthetic efficacy to a clinically acceptable level because 
this technique enables the deposit of local anesthetics directly 
into the cancellous bone adjacent to the root apex of a tooth to 
be anesthetized and the production of immediate anesthesia 
onset. While 2% lidocaine with 1:100,000 epinephrine and 
4% articaine with 1:100,000 epinephrine are commonly 
used for supplementing incomplete anesthesia and analgesia, 
mepivacaine is recommended rather than these formulations 
because of its smaller pKa value and weaker vaso-activity. 
Although the intraosseous injection has one drawback to cause 
a transient increase of heart rate, 3% mepivacaine plain could 
increase the anesthetic efficacy without affecting the heart, so 
this formulation is usable for patients with contraindications to 
the use of vasoconstrictors. The relatively low risk of mepivacaine 
intraosseous injection has been suggested by recent studies 
[114,115].

CONCLUSION
Local anesthetics remain the most useful drugs in dentistry 

to control preoperative, intraoperative and postoperative pain. 
Although the detailed reasons are not yet fully understood, dental 
anesthesia frequently fails in the presence of inflammation. 
Such anesthetic failures cannot be accounted for by only one 
mechanism, but should be interpreted by a combination of 
different mechanisms on inflammatory acidosis, mediators and 
pathoses. Although various strategies are presumable in light of 
anesthetic pharmacology and inflammatory pathology, none of 
them satisfy all the clinical requirements for dental anesthesia. 
The detailed mechanisms for local anesthetic failures in patients 
with pulpal and periapical inflammation remain to be further 
studied together with the technical development for improving 
the efficacy of dental local anesthesia.
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