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Abstract

Achieving anesthesia in a hot tooth or tooth with inflamed pulp is challenging, 
especially during endodontic treatment. In the presence of symptomatic irreversible 
pulpitis, mainly in mandibular teeth, pose even more challenge to attain profound 
anesthesia. Tetradoxin resistant channel is a class of sodium channel that is found 
to be increased in such condition and is found to resist local anesthesia. The pH 
also determines the success of local anesthesia. In inflammatory conditions, the 
surrounding area's pH, which eventually decreases the amount of base form of 
local anesthetic penetration into the nerve membrane, thereby causing anesthetic 
failure. In such conditions, the excitability threshold is reduced, leading to failure in 
achieving anesthesia. This chapter highlights and discusses the cause of anesthetic 
failure and its management in obtaining profound anesthesia during endodontic 
treatment.

Keywords: Local Anesthesia, Endodontic Treatment, Pain, Irreversible Pulpitis 
Pulpal Inflammation

1. Introduction

Pain is an unpleasant sensation that can range from slight discomfort to excru-
ciating agony and can be linked to actual or potential tissue damage [1]. It is a 
multimodal and biopsychosocial event with an individual objective and subjective 
occurrences, resulting in significantly diverse perceptions of pain between the 
individuals. One of the most common reasons for a patient to visit an endodontist is 
dental pain. Managing dental pain and anxiety during and after treatment is still a 
difficult task, which depends on the clinician’s skill and knowledge [2].

2. Pulpal inflammation

In symptomatic pulp tissue diagnosed with irreversible pulpitis, extracellular 
levels of Substance P are elevated. When comparing pulp tissue diagnosed with 
irreversible pulpitis to clinically normal pulp tissue, an 8-fold rise in Substance P 
was found [3]. As a result, irreversible pulpitis is linked to high peptidergic system 
activation. It is generally known that root canal preparation causes inflammation 
in the periapical tissues, explaining why root canal therapy causes post-treatment 
pain (such as symptomatic apical periodontitis). SP is released in the periodontal 
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ligaments as a result of varied canal preparation approaches, which was found to 
be quite interesting. However, the amount of released SP differs among procedures. 
Inflammation in the periapical tissues could be triggered by an elevation in SP [4]. 
This might thus be considered a key mediator of neurogenic inflammation and 
related hyperalgesia, and hence a prospective target for therapeutics targeted at 
regulating pain and minimizing the harmful effects of tissue injury [5].

When a carious lesion gets close to the pulp, the pulp’s inflammatory alterations 
get worse. An acute exacerbation of chronic inflammation occurs at this stage, with 
an influx of neutrophils and the release of inflammatory mediators (prostaglandins 
and interleukins), proinflammatory neuropeptides and mediators (substance P, 
Bradykinin, and calcitonin gene related peptide) [6]. These mediators can increase 
pain perception and neuronal excitability by stimulating peripheral nociceptors 
within the pulp of the affected tooth. This causes moderate-to-severe discomfort. 
Conventional procedures may not provide sufficient anesthesia. As a result, endo-
dontists must achieve profound anesthesia in order to alleviate the pain [7].

3. Local anesthetics

The use of local anesthetic agents in pain management plays a vital role. It is the 
safest and most effective medications to prevent and manage pain during dental 
treatment [8]. Today’s availability of a variety of local anesthetic agents allows 
dentists to choose an anesthetic with specific properties such as time of onset and 
duration, hemostatic control, and degree of cardiac side effects that are suited for 
each individual patient and dental operation [9]. 2 percent lignocaine (Xylotox, 
Adcock Ingram; Xylesthesin, 3 M) with 1:80000 adrenaline content, 3 percent 
mepivacaine (Carbocaine) without a vasoconstrictor and 4 percent articaine 
(Ubistesin 3 M) with either 1:100000 or 1:200000 adrenaline concentration is 
currently the most commonly used local anesthetic agents in general dentistry [10]. 
Each local anesthetic has its own maximum recommended dose (MDR) measured 
in mg/kg body weight. Unfortunately, the literature7 shows that the mg/kg MDR for 
each drug ranges from 4.4 mg/kg 8 to 6.6 mg/kg [11, 12].

4. Evaluate the anesthesia before treatment

When dealing with a tooth that has been diagnosed with irreversible pulpitis 
or “Hot” tooth, it’s critical to determine whether enough local anesthetic has been 
attained. Subjective and objective testing has historically been used to validate 
successive inferior alveolar nerve block (IANB). Signs such as lip numbness, prob-
ing the gingiva surrounding the tooth to be treated, and so forth are examples of 
subjective tests [13]. Patients should not suffer discomfort throughout therapy if 
they respond favorably to the subjective results. These approaches, however, are not 
confirmatory test for detecting pulpal anesthesia.

5. Failure of local anesthesia

5.1 Anatomic factors

While it’s possible that the operator’s inability to deposit anesthetic solution 
close to the targeted nerve would result in an insufficient blockade in both normal 
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and non-inflamed states, it’s also possible that a partial blockade would suffice in 
neurons that inflammatory mediators did not sensitize. It’s crucial to understand 
the nerve supply to the anesthetized tissue and the anatomy of the injection site and 
any changes [14].

During a local infiltration at the root apex, however, the cortical bone of the 
body of the mandible can effectively block the anesthetic. The maxillary cortical 
bone is often thinner. Anesthetic diffusion is more easily achieved through this 
bone. Therefore, infiltration anesthesia, which is routinely used in the maxilla, 
would be less affected by anatomic variance. Block anesthesia is advised in the 
mandible because it is more predictable. Still, it demands a deeper awareness of the 
deep anatomy of the jaw and is more technique sensitive, which is why anesthetic 
failures in the mandible are more common. Inadequate local anesthetic has also 
been linked to accessory innervation of the mandibular teeth from various sources. 
The nerve to the mylohyoid muscle, in particular, has been linked to the transport 
of afferent fibers from the mandibular teeth [14]. The clinician has many alterna-
tives for overcoming accessory innervations from the mylohyoid nerve, including 
using a blocking technique that deposits anesthetic solution higher in the pterygo-
mandibular space.

5.2 Inflammation and tissue pH

The pH of the anesthetic solution determines the ratio of RN to RNH+. 
According to the Henderson–Hasselbalch equation, there are equal amounts of 
half-charged and half-uncharged molecules when the acid dissociation constant 
Pka equals the pH of the solution. In a cartridge of local anesthetic solution, both 
charged (RNH+) and uncharged (RN) molecules exist in equilibrium. The deion-
ized lipid-soluble (RH) form penetrates the neuronal membrane and takes up H+. 
RNH+ within the nerve, resulting in RNH+, which enters the sodium channel and 
blocks conduction. To produce anesthesia, the body buffers the pH-injected anes-
thetic solution to the physiological pH [15].

This becomes potentially critical since inflammation-induced tissue acidosis can 
cause local anesthetics to get “ion trapped.” According to this theory, the low tissue 
pH causes a higher proportion of the local anesthetic to be held in the charged acid 
form of the molecule, preventing it from passing through cell membranes. This 
theory has been proposed as a primary cause of local anesthetic failures in situa-
tions like endodontic pain [16].

5.3 Central sensitization

Local anesthetic failures may be exacerbated by central sensitization. Increased 
sensitivity may enhance incoming sensory nerve impulses. There is a significant 
response to peripheral stimuli in central sensitization, and as a result, the IANB 
may allow adequate signaling to occur, leading to the experience of pain [16].

5.4 Central core theory

According to this hypothesis, the nerves on the exterior of the nerve bundle 
supply the molar teeth, while the nerves on the inside supply the anterior teeth. 
Even if the anesthetic solution is placed in the right location, it may not disperse 
enough into the nerve trunk to reach all nerves and cause a sufficient block. This 
concept may only apply to the increased failure rates associated with IANB in the 
anterior teeth, not the posterior teeth [17].
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5.5 Tetrodoxin resistant channels (TTXr)

The Tetrodoxin resistant channels (TTXr) family of sodium channels have been 
demonstrated to be resistant to the effects of local anesthesia. Anesthetic failures 
in a hot tooth are caused by increased expression of sodium channels in the pulp. 
The TTXr channels are resistant to lidocaine, resulting in insufficient anesthetic 
[18]. TTXr channels are expressed on nociceptors, and their activation with 
Prostaglandin E2 is relatively resistant to lidocaine. Because they are less susceptible 
to lidocaine, sodium channels that are resistant to TTX. As the concentration of 
lidocaine rises, the sodium channels get blocked [19].

5.6 Altered membrane excitability of peripheral nociceptors

Inflamed tissue nerves have a lower excitability threshold and an altered  
resting potential. Lower excitability thresholds are responsible for impulse  
transmission [20].

5.7 Psychological factors

Anxiety in the patient may also play a role in the local anesthetic failure. 
Clinicians who have worked with anxious patients know that they have a lower pain 
threshold and are more likely to complain about an unpleasant dental experience. 
The sight of a needle and the sound of the dental handpiece are frequently reported 
as causes of anxiety in patients. Furthermore, patients may be particularly appre-
hensive about root canal therapy.

5.8 Effect of inflammation on blood flow

Inflammation has several additional consequences on the physiology of local 
tissues. Inflammatory mediators cause peripheral vasodilation, which increases the 
rate of systemic absorption, lowering the concentration of local anesthetics. Local 
anesthetics, in most circumstances, need formulation with vasoconstrictor drugs. 
Thus, this is a potentially relevant mechanism. Although regional variations in 
blood flow occur in inflamed dental pulp, little is known regarding inflammation-
induced vascular alterations in periradicular tissue [21]. Furthermore, this vaso-
dilation is likely to be confined and not seen at distant injection sites. As a result, 
compared to nerve block anesthesia, this concept may be more useful in under-
standing issues with infiltration anesthesia.

5.9 Effect of inflammation on nociceptors

Inflammation alters the production of many proteins in nociceptors, resulting 
in a rise in neuropeptides such substance P and calcitonin gene-related peptide. 
These neuropeptides have an essential role to perform have a role in regulating 
pulpal inflammation. Furthermore, tissue damage can change the composition, 
distribution, and activity of sodium channels expressed on the nociceptors. 
Inflammation’s effect on these sodium channels might substantially impact local 
anesthetic failures [22].

5.10 Tachyphylaxis

Tachyphylaxis is a condition in which a receptor agonist medication causes 
a reduction in responsiveness to a subsequent dose of the drug. Because local 
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anesthetics are frequently used in conjunction with vasoconstrictors, the medica-
tion may remain in the tissue long enough to trigger tachyphylaxis at the sodium 
channel. This has been suggested as a factor in decreased anesthetic efficacy, 
particularly after many administrations [21].

6. Factors influence the efficiency of local anesthesia

6.1 Anesthetic agent

Contrary to popular belief, most moderate-duration anesthetics are equally 
efficient in inducing deep pulpal anesthetic for root canal treatment. Understanding 
the anatomical, local, and psychological aspects of each patient against the type of 
anesthetic utilized is critical to success. Most dentists prefer to employ a combina-
tion of anesthetics and a vasoconstrictor. When some types of anesthetic drugs 
are used, it is possible that the patients would experience more pain. Because of 
the acidic nature of local anesthetics, lower pH values are considered to produce a 
burning sensation during injection [23].

6.2 Site of injection

The injection location might influence injection discomfort. According to one 
study, maxillary buccal injections with plain 2% lidocaine Was found to be consid-
erably less discomfort than 2% lidocaine with 1:80000 epinephrine. However, using 
the same anesthetic drugs, no difference in injection discomfort was recorded at 
the palatal location [12]. The type of anesthetic solution has little effect on injection 
discomfort when a location with less connective tissue (such as the palatal site in 
the maxilla) is injected. Faster injection speed leads to increased drug distribution. 
It has been proposed that a speed of injection exposes a larger portion of a nerve to 
the anesthetic solution, resulting in a higher rate of local anesthesia success. The 
rapid injections, on the other hand, produced more pain and discomfort during the 
procedure [23–25].

6.3 Preoperative pain

In individuals with symptomatic irreversible pulpitis, the degree of preopera-
tive pain might impact anesthetic success. The activation of nociceptors during 
inflammation might be one reason for the lower success rate of inflamed pulp. The 
peripheral and central pain pathways are altered and modulated by the barrage 
of painful stimuli, as well as tissue destruction. Another reason for failure is that 
nerves from inflamed tissue have reduced excitability thresholds and altered resting 
potentials [26].

6.4 Pre emptive medication

Inflamed pulps may have more tetrodotoxin-resistant sodium channels, which 
are resistant to local anesthetics. Prostaglandins, which can influence tetrodotoxin-
resistant receptors and reduce nerve responses to anesthetic drugs, have also risen 
considerably in inflamed pulps [27]. As a result, premedication with nonsteroidal 
anti-inflammatory medicines (NSAIDs) and corticosteroids to increase anesthetic 
success appear to be a viable option. However, the findings of such research do 
not agree on the effectiveness of premedication on anesthetic success [28, 29]. 
However, if the patient does not have spontaneous pain, pre-treatment with 
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particular types of NSAIDs may improve the effectiveness of anesthesia when treat-
ing irreversible pulpitis [30]. Premedication with corticosteroids before anesthesia 
with an inferior alveolar nerve block (IANB) injection resulted in a considerably 
better success rate.

6.5 Gender and genetic factor

Genetics may play a role in predisposing specific individuals to problems 
such as discomfort, delayed healing, and abscess development. A range of 
genetic variations influences pain perception and behavior. Pain becomes 
significantly more common in women, and various explanations have been 
proposed, including hormonal and genetically driven sex variations in brain 
neurochemistry [27].

7. Pain management

7.1 Supplementary anesthesia

7.1.1 Intraligamentary anesthesia

Intraligamentary anesthesia is a technique wherein local anesthetic solution 
administered via the periodontal ligament to reach the pulpal nerve supply. The 
use of conventional or customized syringes can be used for this technique. At the 
mesiobuccal aspect, the needle is placed as deeply between the root surface and 
alveolar bone at a 30° angle to the long axis of the tooth. The needle can be placed 
with the bevel pointing in either direction, and 0.2 ml of the solution should be 
injected per root using back pressure. For 5 to 10 seconds, the needle is held in 
place [31]. The anesthetic action begins almost immediately and lasts for around 
15–20 minutes [32].

In comparison to other anesthetic techniques, Intraligamentary anesthesia 
allows for a substantial reduction in the overall volume of anesthetic solution and 
vasoconstrictor supplement. At the same time, the unintentional intravascular 
application is avoided [33]. Furthermore, the effectiveness of Intraligamentary 
anesthesia is limited in cases of severe marginal periodontitis or teeth with a 
sclerotic periodontal gap, and alternate anesthetic methods such as inferior alveolar 
nerve block can be advised [32].

7.1.2 Intraosseous anesthesia

Intraosseous Anesthesia is more invasive and necessitates the use of specialist 
equipment, such as a perforator (e.g., Stabident, X-Tip). The gingiva must first be 
sedated for the perforator to penetrate without discomfort. A slow-speed handpiece 
is used to move the perforator into the anesthetic gingiva and bone until the cancel-
lous bone is felt like a sharp dip. The perforator is then withdrawn, and a small 
27-gauge needle is introduced through the perforation, injecting approximately 
1 mL of solution over 2 minutes. It’s one of the most effective supplemental methods 
available [34]. The intraosseous injection permits the local anesthetic solution to be 
injected directly into the cancellous bone adjacent to the tooth that has to be sedated 
[35]. The intraosseous anesthetic onset of anesthesia is immediate and lasts for 
around 15 to 30 minutes, and was found to be more efficient than intraligamentary 
anesthesia [36].
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7.1.3 Buccal infiltration

After a failed IANB, buccal infiltration has been utilized as a supplemental 
anesthetic for anesthetizing mandibular molar teeth, especially in symptomatic 
irreversible pulpitis. A mandibular buccal infiltration injection of 4% articaine with 
1:100,000 epinephrine as an additional injection to improve the effectiveness of the 
IANB injection has recently been investigated. The usage of the articaine solution 
was shown to be better than the lidocaine solution in asymptomatic individuals 
(88 percent vs. 71 percent, respectively) [37]. Only 58% anesthesia was achievable 
with buccal infiltration injection when used as a supplement to the IANB in case of 
symptomatic irreversible pulpitis [38].

7.1.4 Intrapulpal anesthesia

Intrapulpal anesthesia is one of the supplementary anesthesia that is beneficial, 
especially in a hot tooth. The most crucial aspect of this technique is to pump the 
fluid into the pulp forcefully. If the physician does not feel pressure or resistance to 
injection, the solution is not reaching the pulp and is most likely running out of the 
pulp chamber and back into the access cavity [39]. However, this type of anesthe-
sia is excruciating and should only be used as the last option during endodontic 
therapy. Intrapulpal anesthesia has the drawback of having a limited duration of 
effect. As a result, it’s critical to remove the pulp from all of the root canals as soon 
as possible after injection to avoid repeated injection [40]. It is necessary that the 
patient should be informed that the type of anesthesia will cause moderate to severe 
discomfort in the beginning.

7.2 Buffered anesthesia

Buffered local anesthesia technique to one of the techniques to improve the 
efficiency of the local anesthetics. Alkalinization accelerates the dissociation of the 
LA molecule, increasing in the uncharged base form that penetrates the nerve mem-
brane and acts in the intraneuronal location. The addition of sodium bicarbonate is 
the most frequent technique for buffering LAs. The addition of sodium bicarbon-
ate to local anesthetics reacts to form sodium chloride water and carbon dioxide. 
Alkalinization with sodium bicarbonate raise the pH of the solution. Carbon 
dioxide produces an independent anesthetic effect by changing the local anesthetic 
inside the nerve direct depressant effect of carbon dioxide on the nerve axon [41]. 
50 mEq is the maximum dose of sodium bicarbonate. 20 ml of 1 or 2% lignocaine is 
recommended to be added with 2 ml of 8.4 percent sodium bicarbonate. The ratio 
of lignocaine to bicarbonate should be between 5:1 and 10:1 for best effects. If the 
bicarbonate level exceeds this ratio, precipitation may occur. In individuals with 
metabolic acidosis and hypocalcemia, this method is contraindicated [15].

8. Conclusion

Pain being the most common symptom, every effort should be made to manage 
it during and after root canal treatment and should be informed priorly the type 
of anesthesia administered to the patient. Although various anesthetic agents and 
techniques are available, the choice of them is specific and customized to each 
patient and their preoperative status and clinical condition. So, ultimately, the 
clinician should critically decide on a specific agent or a technique for the clinical 
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