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Abstract: Accomplishing painless endodontic treatment, especially in the mandibular molar region,
is challenging. Hence, the aim of the study was to compare the efficacy of 2% lidocaine and 4%
articaine when used as supplemental intra-ligamentary (IL) anesthesia in mandibular molars having
symptomatic irreversible pulpitis with symptomatic apical periodontitis after failed Inferior Alveolar
Nerve Block (IANB) injection. In this prospective study, one-hundred and forty-seven adult patients
diagnosed with irreversible pulpitis in a mandibular tooth were included who received IANB with
1.8 mL of 2% lidocaine with 1:100,000 epinephrine. Patients who experienced pain were recorded
using the Heft–Parker visual analog scale (HP-VAS score ≥ 55 mm) and received supplement intra-
ligament injection with either4% articaine or 2% lidocaine with 1:100,000 epinephrine. Supplementary
intra-ligament injections resulted in 82.6% and 91.3% of profound anesthesia in the first molar region
for 2% lidocaine and 4% articaine, respectively. Similarly, an additional IL injection of articaine
success percent (78.9%) in the second molar region was higher than lidocaine (63.1%). The overall
success ratio revealed no significant difference in achieving profound anesthesia of either solution. In
this study population, there was no difference in the success ratio of anesthesia between 2% lidocaine
and 4% articaine when used as supplemental IL injection.

Keywords: anesthesia; intra-ligamentary; injection; mandible; pulpitis; periodontitis; symptomatic

1. Introduction

Every patient has the right to expect comfort during any treatment procedure. In
dentistry, pain management is challenging due to the complex neurological innervation
of craniofacial structure. Furthermore, its uniqueness depends on the procedures and site
of involvement. Achieving profound anesthesia for a tooth diagnosed having synergistic
symptomatic irreversible pulpitis with symptomatic apical periodontitis is an immense
parameter in a successful endodontic practice [1]. Scientific evidence supports that accom-
plishing painless root canal treatment (RCT) is still challenging, especially in the mandibular
molar region with a thick cortical bone [1,2].

Numerous anesthetic techniques have been experimented with to achieve profound
pain analgesia in mandibular molars. Inferior Alveolar Nerve Block (IANB) is a primary
method to obtain anesthesia in the mandibular region due to its safety, reliability, and
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ease in delivering the target solution [2,3]. However, evidence from a recent meta-analysis
revealed that the standalone anesthetic efficacy of IANB ranged from 43% to 83% [2,4–7].
One of the possible reasons for this could be the failure to locate the lingua [8]. Furthermore,
the literature shows several reports of supplementary injection techniques and solutions in
various cases for pain management in irreversible pulpitis patients [9–14].

Intra-ligamentary injections have been used as a standalone technique to achieve anes-
thesia in endodontic treatment procedures. A study that used 194 patients to determine
pain and complications associated with the administration of the intra-ligamentary injection
technique found various benefits such as localized soft tissue anesthesia, decreased pain on
injection, and minimal pain during procedure. It was also found useful in patients with
severe gag reflex, trismus, etc. [15]. Another recent randomized clinical trial that used 72
patients to assess the effectiveness and complications of intra-ligamentary anesthesia with
IANB found both techniques to be equivalent in effectiveness for pain control, and at the
same time, intra-ligamentary injections showed significantly less pain during injection [16].
A recent systematic review and meta-analysis that evaluated the success rate of supplemen-
tary IL injection in the mandibular teeth of patients with irreversible pulpitis also found
that these injections provide better success rates for anesthesia and increased the efficacy of
anesthesia [17]. It might be noted that there are few reports of ILA causing some damage
to periodontal tissue, bone, and even cause root resorption if not used cautiously. However,
all such reported instances were reversible and did not lead to permanent damage [16,18].

Among the available techniques, intraosseous and intra-ligamentary techniques posed
a viable method to increase the success rate of failed IANB [19,20]. The need for special-
ized devices and their hemodynamic effects on the supplementary intraosseous process
made practitioners opt for intra-ligamentary methods to perform painless intraoral pro-
cedures [9,14]. Recent studies suggest that supplementary intra-ligament (IL) injection
and IANB produced more successful anesthesia. However, none of the studies assessed
the efficacy of IANB and supplementary IL combination in mandibular molars having
symptomatic pulpitis with apical periodontitis.

Most of the commonly used dental anesthetics include 2% lidocaine and 4% arti-
caine [3,21–24]. Although considerable evidence supports the safety and efficacy, mixed re-
sults also prevail, necessitating multicentric studies globally [24–26]. None of the anesthetic
methods/drugs resulted in obtaining foreseeable and plausible anesthesia for endodontic
procedures in symptomatic pulpitis patients, necessitating the need for reliable techniques
and drug combinations among dental practitioners [27].

Since the level of anesthesia obtained varied from person to person [14,28], the authors
took an interest in comparing the efficacy of 2% lidocaine and 4% articaine when used
as supplemental intra-ligamentary anesthesia in mandibular molars having symptomatic
irreversible pulpitis with symptomatic apical periodontitis. The null hypothesis of the study
is that there is no difference in the efficacy of these supplementary intra-ligament injections
among patients having symptomatic irreversible pulpitis with apical periodontitis after
failed IANB injection in mandibular molars.

2. Materials and Methods
2.1. Ethical Approval

This prospective study was conducted at the Specialist clinics, College of Dentistry,
Prince Sattam bin Abdulaziz University Alkharj (PSAU), Saudi Arabia. Ethical approval
was obtained from the University Institutional Review Board, PSAU (SCBR-016-2022),
following which the study was carried out following the ethical principles for medical
research on humans established by the Helsinki protocol (version 17c, 2004).

2.2. Patient Selection

One hundred and forty-seven adult patients who attended the specialist clinic, College
of Dentistry, were invited to participate in the study from 10 January to 10 April 2022. Eligi-
bility criteria included all participants who had vital mandibular first and second molars
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with a finding of symptomatic irreversible pulpitis with symptomatic apical periodontitis
based on the classification given by the American Association of Endodontics.

However, patients below 18 years of age, patients with known allergies to anesthetic
solutions, patients with medical history other than American Society of Anesthesiologists
(ASA)-I, any other pulpal and periapical diagnosis other than symptomatic irreversible
pulpitis with symptomatic apical periodontitis, and inability to give informed consent were
excluded from the study.

2.3. Intervention

A clinician not involved in giving anesthesia confirmed objective pulpal diagnosis
using the affirmative reaction to electric pulp test (Digitest® Parkell, Edgewood, NY, USA)
and a response grade of enduring pain to cold test using Roeko Endo-Frost (Roeko, Raif-
feisenstrabe 30, Langenau, Germany). “Heft–Parker Visual Analogue Scale” (HP-VAS) was
employed to rank the patient pain and discomfort tendency. The HP-VAS is a 170 mm line
split into domains, each describing a certain level of pain [14,29]. After which, based on
percussion, palpation, and bite test, a periapical diagnosis was obtained clinically.” Whether
the tooth can be restored or not?” was assessed synergistically with bitewing radiographs
and clinical findings. If the diagnosed tooth could be restored and isolated with a rubber
dam, it was considered eligible.

2.4. Anesthesia Protocol

Initially, an experienced clinician (Principal investigator) explained the treatment
procedures and pain scales to the patients. The teeth were then anesthetized and treated by
the same specialist dentist (Principal investigator). These patients received primary block
anesthesia employing one carpule of approximately 1.8 mL of 2% lidocaine containing
epinephrine in 1:100,000 concentration (Octocaine 100, Novocol Pharma, Cambridge, ON,
Canada) after the injection area was dried using sterile gauze. Additionally, a clean cotton
tip applicator applied topical anesthesia of 20% benzocaine (Prime gel, Chicago, IL, USA)
for 1 min prior to the block anesthesia [5,9].

The anesthetic solution was injected with a disposable syringe measuring 0.4 × 30-mm/27-G
needle (C-K ject, C-K Dental Co. Ltd., Bucheon, Korea). After palpating the mandibular ramus’s
anterior border, each patient’s coronoid notch was located. The target area was then aspirated,
and care was taken to deposit anesthetic solution at a slow rate to avoid pain. After waiting for
approximately 10 min, the principal investigator inquired about the lip numbness of the patient. If
the participant reported an affirmative response to regional anesthesia, teeth were isolated using a
rubber dam and an access opening commenced.

Patients were asked to raise their hands in case of pain during the procedure and
rated it on HP-VAS. If the scored pain was more than 54 score on HP-VAS, the rubber dam
was removed, and a supplemental ligament injection (2% lidocaine or 4% articaine) was
planned to complete the procedure comfortably.

The injection site was cleaned, and a 27 G 0.4 × 21 mm needle was inserted at an
angle of 30◦ to the long axis of the tooth, initially at the mesiobuccal aspect and later in the
distobuccal parts of each root. After reaching the target area between the tooth and crestal
bone, 0.2 mL of the anesthetic solution was injected into the periodontal ligament under
strong back pressure on each side. A coldtest was performed to identify the presence of
anesthetic failure. HP-VAS was used to record pain after the cold testing. When there was
no response to cold, the tooth would be isolated and an access cavity prepared.

If the patient experienced pain and discomfort during the therapy, the clinician would
give an additional shot of IL injection, and the case was considered a ‘failure’. The operator
declared the ‘success’ of IANB supplemental with IL injection if he/she could access and
instrument the tooth without pain or mild pain (VAS < 54 mm).
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2.5. Data Analysis

Data were analyzed for descriptive statistics using SPSS for Windows, version 21 (IBM,
SPSS, Chicago, IL, USA).

3. Results

Eighty-two patients participated in this study. Among 147 IANB injections, “successful
anesthesia” was reported in less than 50% of teeth, i.e., 1st molars (36/82) and 2nd molars
(27/62). According to the location in the mandible, the percent of failed IANB injections
were 56.09 and 58.46 for first and second mandibular molars, respectively. Further, analyz-
ing the output of IANB gender-wise revealed that more females were unable to achieve
anesthesia 1st molars (17/43) and 2nd molars (11/35) than males 1st molars (19/39) and
2nd molars (15/30) with IANB alone. The gender-wise distribution of failed primary INAB
anesthesia in symptomatic irreversible pulpitis patients is shown in Table 1.

Table 1. Gender-wise distribution of failed primary inferior alveolar nerve block anesthesia in
symptomatic irreversible pulpitis patients.

Area
Anesthetized Gender Total Success Failure

Percent of
Failed

Injections

Total 82 36/82 46/82 56.09
1st Molar Males 39 19/39 20/39 51.28

Females 43 17/43 26/43 60.46
Total 65 27/65 38/65 58.46

2nd Molar Males 30 15/30 15/30 50.00
Females 35 11/35 23/35 65.71

Failed IANB, followed by supplementary intra-ligament injections, resulted in 82.6%
and 91.3% of profound anesthesia in the first molar region for 2%lidocaine and 4% articaine,
respectively. Similarly, an additional IL injection of articaine success percent (78.9%) in the
second molar region was higher than lidocaine (63.1%). However, the overall success ratio
revealed no significant difference in achieving profound anesthesia of either solution.The
success ratios of supplemental intra-ligamentary lignocaine and articaine anesthesia in
symptomatic irreversible pulpitis patients are shown in Table 2. Here, success is the
percentage of successful anesthesia for lignocaine and articaine separately, whereas the
success ratio is the difference between success percent of lignocaine to that of articaine.
Example—for 1st molar, the success ratio is 19/23:21/23 = 0.9.

Table 2. Thesuccess ratio of supplemental intra-ligamentary lignocaine and articaine anesthesia in
symptomatic irreversible pulpitis patients.

Area
Anesthetized Anesthesia Total

Success
(% of

Successful
IL Injections)

Failure
(% of Failed

IL Injections)
Success Ratio

1st Molar
IANB 82 36/82 (43.9) 46/82 (56.0)

0.9IANB/Lignocaine 23 19/23 (82.6) 4/23 (17.3)
IANB/Articaine 23 21/23 (91.3) 2/23 (8.6)

2nd Molar
IANB 65 27/67 (40.2) 38/67 (56.7)

0.8IANB/Lignocaine 19 12/19 (63.1) 7/19 (36.8)
IANB/Articaine 19 15/19 (78.9) 4/19 (21.0)

4. Discussion

Since the success of an endodontic procedure at any stage depends on profound anes-
thesia, achieving good anesthesia is essential for controlling pain and alleviating fear and
anxiety [30,31]. The present study showed that “IANB with supplemental intra-ligamentary
infiltration” is a successful alternative to “IANB alone” in achieving anesthesia in patients
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having symptomatic irreversible pulpitis with apical periodontitis in the mandibular molar
region. The most widely employed IANB in achieving local anesthesia for teeth in the
lower jaw reported higher failure rates [9,10,32,33]. Generally, the achievement of soft tissue
anesthesia in IANB remains high, but when vital inflamed pulp tissues are encountered
as in cases of symptomatic irreversible pulpitis, the success rates usually are on a lower
end. In irreversible pulpitis, the failure of IANB was estimated to range between 43% and
83% [2,5,32]. IANB has a high failure rate, and success rates are even lower when applied
for the treatment of mandibular posterior teeth with irreversible pulpitis [32,34]. This
led to the search for an efficient anesthetic technique/solution over the decades that will
achieve efficient anesthesia. Additionally, in symptomatic irreversible pulpitis cases, IANB
showed less than a 30% success rate of anesthesia [4,5,17] due to the inflammation-related
activation of specific receptors such as tetrodotoxin-resistant receptors [35] directly resisting
the concentration of local anesthetic agents and reducing their efficacy [33,36,37].

The supplemental intra-ligament injection is a viable complement to failed IANB to
secure anesthesia when the dentist wants anesthesia for a little more time and the patient
can no more bear lip and tongue numbness [9,33,38,39]. Studies show that the percent of
supplementary IL injection for mandibular molars that successfully anesthetized teeth with
irreversible pulpitis varied between 48 and 92% [9,19,39–42]. In the current study, authors
reported the success rate for supplementary intra-ligament injection for symptomatic
pulpitis with apical periodontitis patients in the range said earlier. It is interesting to note
that although the patient had the highest pain perception, the IANB and supplemental IL
combo produced efficient anesthesia in the majority of the patients.

Measuring pain precisely is difficult in patients as it varies based on individual pain
perception, intensity, and various sensory/influential factors. It is quite challenging to
enumerate and homogenize pain objectively among individuals. Hence, investigators took
keen care to validate pulpal anesthetic success using a mixed method of analysis, i.e., EPT,
thermal test, and subjective VAS.

Comparing the present combination with other techniques/solutions earlier resulted
in the following conclusions. IANB and supplemental buccal infiltration reported a success
rate of 42–88% [5,11,43–46]. Dianat (2020) carried out a study of a different combination of
primary IANB and supplementary buccal and inter-septal injection revealed a success rate
of 80% anesthesia [27]. In our study, supplementary IL anesthesia produced much higher
anesthesia (82.1% and 91.3%) than other techniques [27]. However, comparing the present
study results with the previous study should be proceeded with caution due to variation
in the location of the posterior tooth, the method used in pulpal diagnosis (asymptomatic
or symptomatic pulpitis), and the method employed to assess the anesthetic success rate.
The strength of the present study is the utilization of both subjective and objective methods
for pain measurement. Selection/reporting bias is taken care of by allocation concealment.
Furthermore, clinicians not involved in the study assessed the level of anesthesia before and
during the treatment procedure. However, there are some limitations, too. The electric pulp
test could also have been used to test the anesthesia. More groups could have been included
in the study to test other than the use of VAS for assessing the pain threshold. Future
recommendations include randomized clinical trials and prospective studies on different
techniques/anesthetics in patients having symptomatic pulpitis with apical periodontitis.

5. Conclusions

In patients having symptomatic irreversible pulpitis with apical periodontitis in the
mandibular molar region, “IANB with supplemental intra-ligamentary infiltration” is
a successful alternative to “IANB alone” technique in achieving anesthesia. Within the
study’s limits, there is no difference in the success ratio of anesthesia between 2% lidocaine
and 4% articaine when used as supplemental IL injection. However, none of the tested
methods or solutions ensured profound anesthesia in all cases.
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analysis, M.A., A.M.A., data curation, M.B.M., K.G., writing—reviewing and editing, A.M.A., K.G.,



Healthcare 2022, 10, 1389 6 of 8

supervision, A.R., M.A., N.R.A., M.A., project administration, M.B.M. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board of Prince Sattam bin Abdulaziz University
(SCBR-016-2022).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data used to support the findings of this study are available from
the corresponding author upon request.

Acknowledgments: The authors would like to thank the Deanship of Scientific research at Prince
Sattam bin Abdulaziz University Alkharj for their help and support in conducting the research.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Segura-Egea, J.J.; Cisneros-Cabello, R.; Llamas-Carreras, J.M.; Velasco-Ortega, E. Pain associated with root canal treatment. Int.

Endod. J. 2009, 42, 614–620. [CrossRef] [PubMed]
2. Nagendrababu, V.; Pulikkotil, S.; Suresh, A.; Veettil, S.; Bhatia, S.; Setzer, F. Efficacy of local anaesthetic solutions on the success of

inferior alveolar nerve block in patients with irreversible pulpitis: A systematic review and network meta-analysis of randomized
clinical trials. Int. Endod. J. 2019, 52, 779–789. [CrossRef] [PubMed]

3. Malamed, S.F. Handbook of Local Anesthesia-E-Book; Elsevier Health Sciences: Oxford, UK, 2019.
4. Aggarwal, V.; Singla, M.; Miglani, S.; Kohli, S. Comparative evaluation of mental incisal nerve block, inferior alveolar nerve block,

and their combination on the anesthetic success rate in symptomatic mandibular premolars: A randomized double-blind clinical
trial. J. Endod. 2016, 42, 843–845. [CrossRef]

5. Fowler, S.; Drum, M.; Reader, A.; Beck, M. Anesthetic success of an inferior alveolar nerve block and supplemental articaine
buccal infiltration for molars and premolars in patients with symptomatic irreversible pulpitis. J. Endod. 2016, 42, 390–392.
[CrossRef] [PubMed]

6. Kennedy, S.; Reader, A.; Nusstein, J.; Beck, M.; Weaver, J. The significance of needle deflection in success of the inferior alveolar
nerve block in patients with irreversible pulpitis. J. Endod. 2003, 29, 630–633. [CrossRef] [PubMed]

7. Lindemann, M.; Reader, A.; Nusstein, J.; Drum, M.; Beck, M. Effect of sublingual triazolam on the success of inferior alveolar
nerve block in patients with irreversible pulpitis. J. Endod. 2008, 34, 1167–1170. [CrossRef]

8. Lupi, S.M.; Landini, J.; Olivieri, G.; Todaro, C.; Scribante, A.; Rodriguez y Baena, R. Correlation between the Mandibular Lingula
Position and Some Anatomical Landmarks in Cone Beam CT. Healthcare 2021, 9, 1747. [CrossRef]

9. Aggarwal, V.; Singla, M.; Miglani, S.; Kohli, S.; Sharma, V.; Bhasin, S. Does the volume of supplemental intraligamentary injections
affect the anaesthetic success rate after a failed primary inferior alveolar nerve block? A randomized-double blind clinical trial.
Int. Endod. J. 2018, 51, 5–11. [CrossRef] [PubMed]

10. Argueta-Figueroa, L.; Arzate-Sosa, G.; Mendieta-Zeron, H. Anesthetic efficacy of articaine for inferior alveolar nerve blocks in
patients with symptomatic versus asymptomatic irreversible pulpitis. Gen. Dent. 2012, 60, e39–e43.

11. Ashraf, H.; Kazem, M.; Dianat, O.; Noghrehkar, F. Efficacy of articaine versus lidocaine in block and infiltration anesthesia
administered in teeth with irreversible pulpitis: A prospective, randomized, double-blind study. J. Endod. 2013, 39, 6–10.
[CrossRef]

12. Claffey, E.; Reader, A.; Nusstein, J.; Beck, M.; Weaver, J. Anesthetic efficacy of articaine for inferior alveolar nerve blocks in
patients with irreversible pulpitis. J. Endod. 2004, 30, 568–571. [CrossRef] [PubMed]

13. Eghbal, M.J.; Haeri, A.; Shahravan, A.; Kazemi, A.; Moazami, F.; Mozayeni, M.A.; Saberi, E.; Samiei, M.; Vatanpour, M.;
Baghban, A.A.; et al. Postendodontic pain after pulpotomy or root canal treatment in mature teeth with carious pulp exposure: A
multicenter randomized controlled trial. Pain Res. Manag. 2020, 2020, 5853412. [CrossRef] [PubMed]

14. Zargar, N.; Shooshtari, E.; Pourmusavi, L.; Akbarzadeh Baghban, A.; Ashraaf, H.; Parhizkar, A. Management: Anaesthetic Efficacy
of 4% Articaine in Comparison with 2% Lidocaine as Intraligamentary Injections after an Ineffective Inferior Alveolar Nerve
Block in Mandibular Molars with Irreversible Pulpitis: A Prospective Randomised Triple-Blind Clinical Trial. Pain Res. Manag.
2021, 2021, 668738.

15. Pradhan, R.; Kulkarni, D.; Shetty, L. Evaluation of Efficacy of Intraligamentary Injection Technique for Extraction of Mandibular
Teeth-A Prospective Study. J. Clin. Diagn. Res. JCDR 2017, 11, Zc110. [CrossRef]

16. Youssef, B.R.; Söhnel, A.; Welk, A.; Abudrya, M.H.; Baider, M.; Alkilzy, M.; Splieth, C. RCT on the effectiveness of the
intraligamentary anesthesia and inferior alveolar nerve block on pain during dental treatment. Clin. Oral Investig. 2021,
25, 4825–4832. [CrossRef]

http://doi.org/10.1111/j.1365-2591.2009.01562.x
http://www.ncbi.nlm.nih.gov/pubmed/19467050
http://doi.org/10.1111/iej.13072
http://www.ncbi.nlm.nih.gov/pubmed/30638269
http://doi.org/10.1016/j.joen.2016.02.015
http://doi.org/10.1016/j.joen.2015.12.025
http://www.ncbi.nlm.nih.gov/pubmed/26831048
http://doi.org/10.1097/00004770-200310000-00004
http://www.ncbi.nlm.nih.gov/pubmed/14606783
http://doi.org/10.1016/j.joen.2008.07.013
http://doi.org/10.3390/healthcare9121747
http://doi.org/10.1111/iej.12773
http://www.ncbi.nlm.nih.gov/pubmed/28370327
http://doi.org/10.1016/j.joen.2012.10.012
http://doi.org/10.1097/01.DON.0000125317.21892.8F
http://www.ncbi.nlm.nih.gov/pubmed/15273637
http://doi.org/10.1155/2020/5853412
http://www.ncbi.nlm.nih.gov/pubmed/32676136
http://doi.org/10.7860/JCDR/2017/22204.9302
http://doi.org/10.1007/s00784-021-03787-x


Healthcare 2022, 10, 1389 7 of 8

17. Gupta, A.; Wadhwa, J.; Aggarwal, V.; Mehta, N.; Abraham, D.; Aneja, K.; Singh, A. Anesthetic efficacy of supplemental
intraligamentary injection in human mandibular teeth with irreversible pulpitis: A systematic review and meta-analysis. J. Dent.
Anesth. Pain Med. 2022, 22, 1–10. [CrossRef]

18. Kämmerer, P.W.; Adubae, A.; Buttchereit, I.; Thiem, D.G.E.; Daubländer, M.; Frerich, B. Prospective clinical study comparing
intraligamentary anesthesia and inferior alveolar nerve block for extraction of posterior mandibular teeth. Clin. Oral Investig.
2018, 22, 1469–1475. [CrossRef]

19. Kanaa, M.D.; Whitworth, J.M.; Meechan, J.G. A prospective randomized trial of different supplementary local anesthetic
techniques after failure of inferior alveolar nerve block in patients with irreversible pulpitis in mandibular teeth. J. Endod. 2012,
38, 421–425. [CrossRef]

20. Miglani, S.; Ansari, I.; Patro, S.; Mohanty, A.; Mansoori, S.; Ahuja, B.; Karobari, M.I.; Shetty, K.P.; Saeed, M.H.; Luke, A.M.; et al.
Efficacy of 4% articaine vs 2% lidocaine in mandibular and maxillary block and infiltration anaesthesia in patients with irreversible
pulpitis: A systematic review and meta-analysis. PeerJ 2021, 9, e12214. [CrossRef]

21. Bahar, E.; Yoon, H. Lidocaine: A local anesthetic, its adverse effects and management. Medicina 2021, 57, 782. [CrossRef]
22. Martin, E.; Nimmo, A.; Lee, A.; Jennings, E. Articaine in dentistry: An overview of the evidence and meta-analysis of the latest

randomised controlled trials on articaine safety and efficacy compared to lidocaine for routine dental treatment. BDJ Open 2021,
7, 1–13.

23. Mathur, V.P.; Kalra, G. Insight to newer agents and methods for local anesthesia in pediatric dentistry. Indian J. Pediatr. 2020,
87, 253–254. [CrossRef] [PubMed]

24. Moaddabi, A.; Soltani, P.; Zamanzadeh, M.; Nosrati, K.; Mollamirzaei, M.; Cernera, M.; Spagnuolo, G. Comparison of the Effects
of Articaine and Lidocaine Anesthetics on Blood Pressure after Maxillary Infiltration Technique: A Triple-Blind Randomized
Clinical Trial. Int. J. Dent. 2021, 2021, 8894160. [CrossRef] [PubMed]

25. Abu-Mostafa, N.; Al-Showaikhat, F.; Al-Shubbar, F.; Al-Zawad, K.; Al-Zawad, F. Hemodynamic changes following injection of
local anesthetics with different concentrations of epinephrine during simple tooth extraction: A prospective randomized clinical
trial. J. Clin. Exp. Dent. 2015, 7, e471. [CrossRef]

26. Katyal, V. The efficacy and safety of articaine versus lignocaine in dental treatments: A meta-analysis. J. Dent. 2010, 38, 307–317.
[CrossRef]

27. Dianat, O.; Mozayeni, M.A.; Layeghnejad, M.K.; Shojaeian, S. The efficacy of supplemental intraseptal and buccal infiltration
anesthesia in mandibular molars of patients with symptomatic irreversible pulpitis. Clin. Oral Investig. 2020, 24, 1281–1286.
[CrossRef]

28. Fillingim, R.B.; Edwards, R.R.; Powell, T. The relationship of sex and clinical pain to experimental pain responses. Pain Res.
Manag. 1999, 83, 419–425. [CrossRef]

29. Heft, M.W.; Parker, S.R. An experimental basis for revising the graphic rating scale for pain. Pain 1984, 19, 153–161. [CrossRef]
30. Poorni, S.; Veniashok, B.; Senthilkumar, A.D.; Indira, R.; Ramachandran, S. Anesthetic efficacy of four percent articaine for pulpal

anesthesia by using inferior alveolar nerve block and buccal infiltration techniques in patients with irreversible pulpitis: A
prospective randomized double-blind clinical trial. J. Endod. 2011, 37, 1603–1607. [CrossRef]

31. Gupta, A.; Sahai, A.; Aggarwal, V.; Mehta, N.; Abraham, D.; Jala, S.; Singh, A. Anesthetic efficacy of primary and supplemental
buccal/lingual infiltration in patients with irreversible pulpitis in human mandibular molars: A systematic review and meta-
analysis. J. Dent. Anesth. Pain Med. 2021, 21, 283–309. [CrossRef]

32. Aggarwal, V.; Jain, A.; Kabi, D. Anesthetic efficacy of supplemental buccal and lingual infiltrations of articaine and lidocaine after
an inferior alveolar nerve block in patients with irreversible pulpitis. J. Endod. 2009, 35, 925–929. [CrossRef] [PubMed]

33. Hargreaves, K.M.; Keiser, K. Local anesthetic failure in endodontics: Mechanisms and management. Endod. Top. 2002, 1, 26–39.
[CrossRef]

34. RRogers, B.S.; Botero, T.M.; McDonald, N.J.; Gardner, R.J.; Peters, M.C. Efficacy of articaine versus lidocaine as a supplemental
buccal infiltration in mandibular molars with irreversible pulpitis: A prospective, randomized, double-blind study. J. Endod. 2014,
40, 753–758. [CrossRef]

35. Janani, K.; Teja, K.V.; Harini, K.; Vasundhara, K.A.; Jose, J. Tackling local anesthetic Failure in endodontics. In Topics in Regional
Anesthesia; IntechOpen: London, UK, 2021.

36. Chaudhary, P.; Martenson, M.; Baumann, T. Vanilloid receptor expression and capsaicin excitation of rat dental primary afferent
neurons. J. Dent. Res. 2001, 80, 1518–1523. [CrossRef] [PubMed]

37. Stenholm, E.; Bongenhielm, U.; Ahlquist, M.; Fried, K. VR1-and VRL-1-like immunoreactivity in normal and injured trigeminal
dental primary sensory neurons of the rat. Acta Odontol. Scand. 2002, 60, 72–79. [CrossRef]

38. Dower, J.S., Jr.; Barniv, Z.M. Periodontal ligament injection: Review and recommended technique. Gen. Dent. 2004, 52, 537–542.
39. Lin, S.; Wigler, R.; Huber, R.; Kaufman, A.Y. Anaesthetic efficacy of intraligamentary injection techniques on mandibular molars

diagnosed with asymptomatic irreversible pulpitis: A retrospective study. Aust. Endod. J. 2017, 43, 34–37. [CrossRef]
40. Fan, S.; Chen, W.L.; Pan, C.B.; Huang, Z.Q.; Xian, M.Q.; Yang, Z.H.; Dias-Ribeiro, E.; Liang, Y.C.; Jiao, J.Y.; Ye, Y.S.; et al. Anesthetic

efficacy of inferior alveolar nerve block plus buccal infiltration or periodontal ligament injections with articaine in patients with
irreversible pulpitis in the mandibular first molar. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. Endodontol. 2009, 108, e89–e93.
[CrossRef]

http://doi.org/10.17245/jdapm.2022.22.1.1
http://doi.org/10.1007/s00784-017-2248-2
http://doi.org/10.1016/j.joen.2011.12.006
http://doi.org/10.7717/peerj.12214
http://doi.org/10.3390/medicina57080782
http://doi.org/10.1007/s12098-020-03229-8
http://www.ncbi.nlm.nih.gov/pubmed/32036597
http://doi.org/10.1155/2021/8894160
http://www.ncbi.nlm.nih.gov/pubmed/34497646
http://doi.org/10.4317/jced.52321
http://doi.org/10.1016/j.jdent.2009.12.003
http://doi.org/10.1007/s00784-019-03006-8
http://doi.org/10.1016/S0304-3959(99)00128-1
http://doi.org/10.1016/0304-3959(84)90835-2
http://doi.org/10.1016/j.joen.2011.09.009
http://doi.org/10.17245/jdapm.2021.21.4.283
http://doi.org/10.1016/j.joen.2009.04.012
http://www.ncbi.nlm.nih.gov/pubmed/19567309
http://doi.org/10.1034/j.1601-1546.2002.10103.x
http://doi.org/10.1016/j.joen.2013.12.022
http://doi.org/10.1177/00220345010800060801
http://www.ncbi.nlm.nih.gov/pubmed/11499505
http://doi.org/10.1080/000163502753509455
http://doi.org/10.1111/aej.12169
http://doi.org/10.1016/j.tripleo.2009.06.012


Healthcare 2022, 10, 1389 8 of 8

41. Nusstein, J.; Claffey, E.; Reader, A.; Beck, M.; Weaver, J. Anesthetic effectiveness of the supplemental intraligamentary injection,
administered with a computer-controlled local anesthetic delivery system, in patients with irreversible pulpitis. J. Endod. 2005,
31, 354–358. [CrossRef]

42. Shabazfar, N.; Daubländer, M.; Al-Nawas, B.; Kämmerer, P. Periodontal intraligament injection as alternative to inferior alveolar
nerve block—meta-analysis of the literature from 1979 to 2012. Clin. Oral Investig. 2014, 18, 351–358. [CrossRef]

43. Aggarwal, V.; Singla, M.; Rizvi, A.; Miglani, S. Comparative evaluation of local infiltration of articaine, articaine plus ketorolac,
and dexamethasone on anesthetic efficacy of inferior alveolar nerve block with lidocaine in patients with irreversible pulpitis. J.
Endod. 2011, 37, 445–449. [CrossRef] [PubMed]

44. Matthews, R.; Drum, M.; Reader, A.; Nusstein, J.; Beck, M. Articaine for supplemental buccal mandibular infiltration anesthesia
in patients with irreversible pulpitis when the inferior alveolar nerve block fails. J. Endod. 2009, 35, 343–346. [CrossRef]

45. Parirokh, M.; Satvati, S.A.; Sharifi, R.; Rekabi, A.R.; Gorjestani, H.; Nakhaee, N.; Abbott, P.V. Efficacy of combining a buccal
infiltration with an inferior alveolar nerve block for mandibular molars with irreversible pulpitis. Oral Surg. Oral Med. Oral Pathol.
Oral Radiol. Endodontol. 2010, 109, 468–473. [CrossRef] [PubMed]

46. Tortamano, I.P.; Siviero, M.; Costa, C.G.; Buscariolo, I.A.; Armonia, P.L. A comparison of the anesthetic efficacy of articaine and
lidocaine in patients with irreversible pulpitis. J. Endod. 2009, 35, 165–168. [CrossRef] [PubMed]

http://doi.org/10.1097/01.DON.0000140565.88940.60
http://doi.org/10.1007/s00784-013-1113-1
http://doi.org/10.1016/j.joen.2011.01.016
http://www.ncbi.nlm.nih.gov/pubmed/21419287
http://doi.org/10.1016/j.joen.2008.11.025
http://doi.org/10.1016/j.tripleo.2009.11.016
http://www.ncbi.nlm.nih.gov/pubmed/20219602
http://doi.org/10.1016/j.joen.2008.10.020
http://www.ncbi.nlm.nih.gov/pubmed/19166765

	Introduction 
	Materials and Methods 
	Ethical Approval 
	Patient Selection 
	Intervention 
	Anesthesia Protocol 
	Data Analysis 

	Results 
	Discussion 
	Conclusions 
	References

