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Abstract. In dentistry, topical anesthetic is frequently utilized. Its clinical efficacy is still
debatable, though. In order to determine the most researched medications, research trends, top
authors, geographic distribution, funding sources, and study characteristics, this study performed
a bibliometric analysis of the most cited clinical dentistry articles on topical anesthesia. In recent
years, articaine has gained popularity in clinics as a novel medication for local dental anesthetic.
The invention of articaine, its mechanism of action, comparison of its effectiveness with other
widely used local anesthetics in dental treatment, and an overview of its use in specific
populations are all included in this article. Research will continue to look for new and efficient
pain management methods even if local anesthetics remain the cornerstone of pain treatment in
dentistry. Enhancing anesthetic drugs, delivery systems, and associated techniques is the main
focus of research efforts. Recent technological advancements can help the dentist provide greater
pain treatment with fewer uncomfortable injections and fewer side effects. The goal of the
current literature study is to gather data that will persuade dentists to use contemporary local
anesthetics in addition to other strategies and tactics to lessen patient discomfort during
anesthesia administration. In conclusion, articaine is more anesthetically effective than lidocaine
in clinical dental therapy, and there is no statistically significant difference between the two
drugs' safety. Specifically, articaine can be used flexibly for clinical application and provides a
number of benefits. In the foreseeable future, atecaine has enormous potential for widespread use
in dental offices.

Keywords. Recent developments, local anesthetic, pain management, bibliometrics, topical
anesthesia, local anesthetics, dentistry, clinical trials, dental anesthesia.

Introduction. In dental clinics, local anesthetics are the primary tool used to manage pain.
An effective anesthetic can lessen discomfort and agony, increase patient cooperation, and lessen
anxiety. Nowadays, dental offices utilize articaine as an anesthetic. In 1969, articaine was first
synthesized and given the name carticaine. The first clinical experiment was carried out in
Germany in 1971 by Winther and Nathalang. In Canada, the term "articaine" replaced
"carticaine" in 1984. A 4% articaine with 1:200,000 adrenaline solution was authorized for
clinical use by the US Food and Drug Administration (FDA) in 2006. In clinical practice
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nowadays, 4% articaine plus 1:100,000 or 1:200,000 adrenaline solutions are frequently utilized.
Since typical anesthetic treatments and solutions do not allow dentists to fully overcome the pain
patients experience during root canal treatment of teeth with incurable pulpitis, managing dental
pain during root canal therapy requires specific care. As a result, patients experience a great deal
of anxiety during root canal therapy. According to a survey of dental patients, anxiety, difficulties
achieving anesthesia, fear of pain, and dread of needles are the main causes of fear in patients,
which may compel them to request sedation during treatment. From the perspective of the patient,
a successful anesthesia technique is one in which there is little to no discomfort during the
insertion of the needle, the injection of the anesthetic solution, and the course of treatment.
Modern dentistry could not exist without the use of local anesthetics [1-6]. The dentist has a
range of instruments and methods at his disposal to achieve local anesthesia. However, it is
paradoxical that although local anesthetics allow dental treatments to be performed painlessly,
they also cause the greatest amount of discomfort and anxiety in patients. Effective and safe pain
treatment is essential in today's dental practice. Our current tools for applying local anesthetic
solutions to the maxilla and mandible are adequate for most clinical situations. Local anesthetics
are used for invasive dental operations such as scaling and root planing, cavity preparation, tooth
preparation, surgery, or critical pulp therapy. Depending on the patient's level of anxiety or pain
tolerance, local anesthetics are used for nearly all dental treatments except for examination, oral
prophylaxis, and fluoride application. The use of various anesthetic gels, distraction techniques,
warming the anesthetic agents, slowing down the injection speed, and buffering local anesthetic
agents are some of the methods that have been proposed to lessen pain during the administration
of local anesthetic agents [7-13]. To explain the causes of anesthesia failure and the variables that
could influence anaesthesia success rates, a number of theories and variables pertaining to local
anaesthesia in dentistry have been proposed. Nevertheless, none of these hypotheses fully
explain why anesthesia fails, nor do they suggest a method or drug to administer anesthesia to
every tooth that requires root canal therapy. Safe and effective pain treatment is essential in
today's dental practice. Our current tools for applying local anesthetic solutions to the mandible
and maxilla are adequate for most clinical situations. Local anesthetics are used for invasive
dental operations such as scaling and root planing, cavity preparation, tooth preparation, surgery,
or critical pulp therapy. Depending on the patient's pain threshold or degree of anxiety, local
anesthetics are used for nearly all dental treatments except examinations, oral prophylaxis, and
fluoride application [14-19]. As a result, it is imperative that all dental professionals understand
the limitations, causes of anesthesia failures, factors that could influence anesthesia success rates,
and suggested strategies (i.e., methods, anesthetic solutions, premedication, and techniques) for
handling anesthesia failure. In order to help researchers plan, carry out, and report their studies
with a lower risk of bias, this review sought to clarify the causes of anesthesia failures, factors
that may influence anaesthesia success rate, and the limitations of earlier studies. The use of
various anesthetic gels, distraction techniques, warming the anesthetic agents, slowing down the
injection speed, and buffering local anesthetic agents are some of the methods that have been
proposed to lessen pain during the administration of local anesthetic agents. The goal of the
current literature study is to gather reliable information for dentists regarding the use of
contemporary local anesthetics, alternative methods, and strategies to reduce pain during
anesthesia administration, thus improving patient comfort [20-25].

The main purpose of this brief review is to analyze the prospects for the use of anesthetics
and modern anesthetics in dental practice based on reputable scientific papers.

Anaesthesia success criteria. The success criteria for anesthesia should be separated into
two groups: pulp anesthesia success criteria and anesthesia technique success criteria. Soft tissue
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numbness has historically been used to assess the success of most anesthesia procedures. For
example, lower lip numbness after an inferior alveolar nerve block (IANB) has been regarded as
an indication of IANB success. Crossover investigations have shown that in teeth without
permanent pulpitis, no reaction to pulp sensibility tests has been interpreted as a sign of pulp
anesthesia. When preparing an access cavity for a tooth with irreversible pulpitis, the best way to
gauge the success of anesthesia is usually if there is little to no discomfort. Soft tissue numbness
is regarded by most patients as a sign of successful anesthesia. For example, soft tissue
numbness may not always be noticeable after infiltration injections for maxillary second molars,
and the patient may believe that the anesthesia was unsuccessful [4-11]. Dental professionals
would be better served by taking into account scientifically supported criteria for anesthesia
success. Then, rather than soft tissue numbness, a failure to respond to the cold test would be a
more accurate indicator of anesthesia success. Randomized clinical trials in patients with
irreversible pulpitis or crossover design studies including volunteers with sound, intact teeth
have been used to study the success rate of anesthesia. When a subject undergoing anesthesia
does not react to a cold test or two consecutive maximum outputs of an electric pulp test (EPT),
the anesthesia is considered successful in crossover studies. However, neither lip numbness nor a
lack of reaction to cold or EPT ensures that anesthesia will be successful during access cavity
preparation, pulp exposure, or root canal instrumentation in randomized clinical trials of teeth
with irreversible pulpitis. In conclusion, randomized clinical trials including teeth with
irreversible pulpitis yield more accurate results than crossover studies involving teeth with
healthy pulps since these teeth are more challenging to anesthetize during root canal therapy.
Thus, crossover studies and teeth with irreversible pulpitis should be evaluated independently in
systematic reviews and meta-analyses of the effects of anesthetic solutions or procedures [21-32].

Anaesthesia failure reasons. The failure of local anesthesia during root canal therapy has
been explained for a number of reasons. These explanations fall into two categories: anatomic
and non-anatomic. The mylohyoid nerve and the central core idea have garnered increased
attention among the anatomical explanations. Non-anatomic causes, however, have garnered
increasing attention because they may account for anesthetic failures for most teeth with
permanent pulpitis, as there is no sufficient explanation for anesthesia failure for all teeth. The
majority of theories concerning anesthesia failure have focused on changes in the nerves, such as
lowering the threshold, the expression of sodium channels resistant to tetrodotoxin, and the
presence of voltage-gated sodium channel isoforms in the nerve endings of Naᵥ 1.7 and Naᵥ 1.8
in exited nerve fibers. Since the percentage of the base form of the solution that may successfully
penetrate the nerve perineurium would be reduced in inflamed tissues due to a lower pH, the
state of the nerves surrounding tissues may also have an impact on the anesthetic solution's
effectiveness [23-30]. A nerve block injection that delivers the anesthetic solution to a location
far from the inflammatory tissue does not work, despite the fact that the theory of an acidic
environment may be a plausible explanation for the failure of infiltration injections. The
expression of ion channels, proinflammatory cytokines, and prostaglandins at a location far from
the site of inflammation—the subnucleus caudalis and trigeminal ganglion—has been shown to
be impacted by pulp inflammation. In conclusion, one of the causes of anesthesia failure should
be attributed to modifications in higher levels of nerve pathways (such the trigeminal subnucleus
caudalis) in addition to localized changes in nerve fibers. Any theory that just explains local
causes of pulp anesthesia failure cannot be regarded as thorough. The foundation of pain
treatment techniques should be the consideration of nerve modification via the neural routes to
the higher level neurons (e.g., the trigeminal subnucleus caudalis) [11-18].
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Factors that may influence intraoperative pain. Anaesthesia failure, which is defined as
moderate-to-severe discomfort during root canal therapy, has been found to occur between 11%
and 85% of the time. Numerous factors have been thought to influence anesthesia success rates,
but research on their effects has produced mixed findings. The presence of irreversible pulpitis
with acute apical periodontitis, preoperative pain, mandibular teeth, longer palatal and disto-
buccal roots in maxillary molars, posterior teeth, especially molars, patients under 35 years of
age, and treatment procedures lasting more than 45 minutes have all been identified as potential
predictors. Additionally, when premolar teeth are being anesthetized, gender (females) might be
a predictor. Regarding some of the factors, such age and gender, these research haven't been
entirely consistent. In conclusion, it is widely acknowledged that the most reliable indicators of
anesthesia failure are the existence of preoperative discomfort and mandibular posterior teeth [5-
12].

Side effects and complications after injection. Despite being uncommon, a number of
adverse effects have been documented after using different kinds of anesthetic solutions.
Common adverse effects of local anesthetic solutions include paraesthesia, methemoglobinemia,
cardiac and central nervous system toxicity, oedema, haematoma, dizziness, nausea, allergies,
and shock. Each of these, however, carries a different risk. In clinical trials, it is crucial that any
side effects and problems of any drugs, methods, or interventions be documented. The failure to
mention complications after using anesthetic solutions, methods, and premedication was one of
the flaws in earlier studies that were published. Future research ought to concentrate more on
these topics. Initial discomfort, intraoral bruising, and mild swelling at the injection site were the
most common side effects of using anesthetic solutions as buccal infiltrations for posterior
mandibular teeth. With bupivacaine, paresthesia and toxicity to the heart and central nervous
system have been more common. Concerns have been raised about the potential side effects of
using articaine and prilocaine instead of lidocaine as anesthetic solutions in dentistry. Two
systematic reviews and meta-analyses, in contrast to these reports, found no discernible
difference in side effects between 4% articaine and 2% lidocaine [18-28].

Significant developments and fresh avenues for research on anesthesia success rates.
The distinction between professional and scientific perspectives on anesthesia success is a
crucial factor in determining whether an anesthesia procedure is successful or not. Generally
speaking, moderate pain or pain measuring more than 54 mm on the Heft-Parker VAS during any
access cavity preparation stage has been regarded as anesthesia failure. However, as a
practitioner, it would be successful when an intra-pulp injection is given and a supplemental
injection, like a PDL injection, helps to alleviate the pain during dentine penetration.
Understanding that patients want their treatments to be as painless as possible is a crucial topic in
dentistry. From the perspective of a practitioner, any safe technique that enables patients
experience little to no discomfort during a root canal operation would be highly appreciated. As a
result, it is essential to choose and administer treatment modalities that have greater success rates,
are safe, and lessen pain and discomfort both before and after the procedure [5-11]. The fact that
it is frequently unclear whether buccal infiltration injections are utilized as primary or auxiliary
techniques is one of the confounding aspects of these procedures. Supplementary injections have
been used in a number of studies as rescue injections when the patient complained of pain during
access cavity preparation or root canal instrumentation but the initial injection or injections
produced signs of successful anesthesia (such as soft tissue numbness and no response to pulp
sensibility tests). However, prior to starting access cavity preparation, several investigations have
employed a buccal infiltration using the IANB approach. Any anesthetic injection other than the
IANB was regarded by the researchers as supplemental in experiments using the latter method,
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even though it was the principal procedure. To prevent readers from becoming confused when
primary and supplemental injections are used in future research, it is crucial to define these
terminology. Since buccal infiltration has been demonstrated to be a helpful strategy to improve
anesthesia success and dentists should take every precaution to minimize pain during root canal
therapy, it should be regarded as a primary technique and should not be reserved for use in the
event of IANB failure. In order to alleviate pain and discomfort during access cavity preparation
and root canal instrumentation, the authors of this research propose that supplemental injections
be used when the basic procedures fail. To reduce the danger of bias, it is crucial that future
research use accurate methods, materials, and reporting information [21-29].

Discussion. Dentistry makes extensive use of topical anesthetic. Its therapeutic efficacy is
still up for debate, though. The most referenced clinical dentistry publications on topical
anesthesia were bibliometrically analyzed in this study to determine the most researched
medications, research trends, top authors, geographic distribution, funding sources, and study
features. Using specified descriptors and Boolean operators, a systematic search was carried out
in the Web of Science, with citation comparisons in Scopus and Google Scholar. The search was
carried out through October 2023 without regard to language or publishing year. The 30 most
cited articles out of 4892 were chosen; between 1992 and 2017, they received a total of 953
citations. The majority of highly financed and mentioned studies came from the US [8-14]. Most
of these articles were published in periodontics, general dentistry, and oral surgery journals, with
lidocaine being the most researched anesthetic. Topical anesthetics have received comparatively
few citations despite being widely used. According to our study, studies that have an immediate
clinical impact are preferred above those that concentrate on pain management, especially when
it comes to topical dental anesthetic. This emphasizes the necessity of additional study and
advancement in this crucial area. Despite being relevant, works in the subject of topical
anesthetic still have a relatively low citation impact, according to the bibliometric assessment
that was done. The majority of these research are focused on industrialized nations. Furthermore,
there is a dearth of funding for study in this field, especially in Africa and Oceania, where none
of the 30 most referenced articles had any support. Whether used alone, in conjunction with
other medicines, or as a reference ingredient for measuring the efficacy of other compounds,
lidocaine continues to be the most thoroughly studied topical anesthetic. These results highlight a
persistent and expanding endeavor to better topical anesthetics used in dentistry, with an
emphasis on formulation improvement, increased efficacy, and decreased toxicity [17-26]. The
second most commonly used topical anesthetic is benzocaine. In order to promote advancements
in this sector, particularly the development of needle-free local anesthetic, we also emphasize the
necessity of greater funding and wider international recognition. Thus, the way irreversible
pulpitis is diagnosed, the periapical condition of the teeth, the tools and methods used to
diagnose the pulp condition, the experience of all practitioners performing clinical procedures
(examination, radiographic interpretation, clinical treatment), inclusion and exclusion criteria,
the type of anesthetic solution or solutions, the technique or solutions used for administration,
randomization, blinding, the amount of time that passes between administering anesthesia and
determining whether the anesthesia was successful or starting the root canal treatment, the
method of outcome measurement, taking into account power analysis to reach a clinical
significance, if any, and finally any delayed or immediate side effects after the anesthetic
injection [27-32].

Conclusion. In contemporary dentistry, local anesthetics are essential. They provide
comfortable and painless procedures and strengthen the goodwill that exists between patients and
dentists. Improvements in local anesthetic medications have greatly increased their efficacy,
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safety, and adaptability. Optimizing patient treatment requires an understanding of the
pharmacology, duration of effect, and potential toxicity.

The particular requirements of each patient, the kind and length of the treatment, and
postoperative pain management considerations should all be taken into account when choosing a
local anesthetic. Additionally, it's critical to carefully review the patient's medical history,
including any cardiovascular conditions. The advantages of a vasoconstrictor, such as prolonged
anesthesia and hemostasis, must be weighed against any possible systemic consequences when
deciding whether to use it or not. Overall treatment results are improved when local anesthetic
selection is customized for each patient.

Anaesthesia success rates can be influenced by a number of factors. A patient's pain during
endodontic operations may be predicted by certain factors. These issues could be resolved by
using additional procedures before or during the therapy, or by applying strategies like
premedication with a non-steroidal anti-inflammatory drug before the treatment visit. To allay
worries about their study bias, researchers must be more cautious when disclosing specifics of
their research.
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