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ABSTRACT

Background: To assess whether articaine 4% is a safe and effective local anaesthetic for lower
third molar extractions.

Types of studies reviewed: MEDLINE (Pubmed), Cochrane Library, Scopus and Web of
Science databases were searched to identify randomised clinical trials that fulfilled the
eligibility criteria. Risk of bias was evaluated using the Cochrane risk-of-bias assessment tool.
A meta-analysis of safety and efficacy variables was performed by comparing articaine 4%
against different local anaesthetics.

Results: We assessed 482 papers, but only 14 randomised clinical trials met the inclusion
criteria for review. No statistically significant differences were found between selected local
anaesthetics regarding safety. Articaine 4% needed fewer re-injections than lidocaine 2% and
exhibited a shorter onset time than lidocaine 2%, bupivacaine 0.5% and lidocaine 4%. Articaine
4% showed a longer anaesthetic effect than lidocaine 2% and mepivacaine 2%, but shorter than
bupivacaine 0.5%.

Practical implications: The use of articaine 4% for the lower third molar extraction is a safe
choice that needs fewer re-injections and presents shorter onset time than other aminoamide

local anesthetics.

Key words: Articaine, local anaesthesia, adverse events, neurotoxicity, efficacy, safety, lower

third molar.



INTRODUCTION

The inferior alveolar nerve block (IANB) is the most common technique used in the removal of
lower third molar (L3M) teeth (1). It involves injecting a local anaesthetic (LA) close to the
mandibular foramen, achieving intraoperative and postoperative pain control (2). LAs have
typically been classified as either aminoester or aminoamide-type according to their
intermediate chain structure. Aminoamide-type anaesthetics have replaced aminoester-type LAs
because they provoke fewer allergic reactions (3).

Articaine is an aminoamide LA widely used in dentistry (4). Its chemical structure differs from
other aminoamide LAs because it features a thiophene ring which improves its liposolubility
and therefore increases its capacity to penetrate cell membranes (4,5).

While the safety of aminoamide anaesthetics is well documented in the literature, some local
and systemic complications have been described, such as nerve injury, diplopia, trismus, pain,
infection and allergic reactions, among others (2,3,6). As for local adverse events, some studies
have indicated that articaine should be avoided in inferior alveolar nerve blocks (IANB) to
prevent nerve damage (7-9). However, there is a lack of solid evidence to support the causality
relationship between LA drug and nerve injuries.

Although articaine and lidocaine have been compared in two previous meta-analyses (10,11),
the anaesthetic of choice for the removal of the L3M is still open for debate. Therefore, the
present systematic review intends to analyse relevant data gathered from randomised clinical
trials to compare the safety and efficacy of articaine against other aminoamide anaesthetics
when used in L3M extractions.

MATERIALS AND METHODS

This paper adheres to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) declaration (12).

- Eligibility criteria

Table 1 summarises the predefined study framework parameters: population (P), intervention

(I), comparison (C), outcomes (O) and study design (S).



The study population were healthy patients aged over 18 years with no nerve disorders who
underwent an L3M extraction (participants). Patients included in the study group had to have
received an IANB with articaine 4% (intervention). These were compared against patients in the

control group who were treated with other aminoamide LAs (comparison).

The primary outcome measure of anaesthetic safety was assessed according to the number of
LA-related postoperative adverse events. Similarly, anaesthetic efficacy was based on the
number of interventions that did not require a re-injection, the onset time and duration of the
anaesthetic effect (outcomes). Finally, all randomised clinical trials (RCTs) published in English

were selected without any restrictions on the year of publication (study design).

- Search strategy

To identify relevant studies, we searched MEDLINE (PubMed), Cochrane Library, Scopus and
Web of Science databases between December 2019 and January 2020 by applying the search
strategy shown in Table 2. This electronic search was complemented by a manual search of the
Journal of Dental Research, the Journal of Dentistry, the Journal of the American Dental
Association, Clinical Oral Investigations, the International Journal of Oral and Maxillofacial
Surgery, the Journal of Oral and Maxillofacial Surgery and Medicina Oral Patologia Oral y

Cirugia Bucal.

- Study selection

Two independent investigators (L.S-S. and J.T-S.) selected the studies in line with the
preestablished inclusion criteria. The abstracts were examined after excluding duplicates and
irrelevant publications (based on the title). We assessed the full text of the remaining papers
according to the inclusion criteria. Any disagreements during the screening process were
resolved by a third independent investigator (C.G-E.). We calculated Cohen’s kappa coefficient
to measure the level of agreement between the two investigators.

- Data extraction



Whenever possible, two reviewers (L.S-S. and J.T-S.) independently collected the following
data: author(s), year of publication, country of origin, study design, study type, participant data,
interventions and outcomes using data-extraction tables. Authors were contacted to ascertain
any missing information, where necessary.

- Quality and risk-of-bias assessment

Two independent investigators (L.S-S. and J.T-S.) assessed the risk of bias for the RCTs
included in the meta-analysis using the Cochrane Collaboration’s tool. We evaluated sources of
bias based on the quality components derived from the Cochrane Handbook for Systematic
Reviews of Interventions (13). We classified each study as low risk (well-described articles that
define patient allocation; have few drop-outs; and measure outcomes, and analyse and report
results), unclear risk (papers that missed some information that meant it was hard to assess their
limitations) or high risk of bias (studies with flaws that might limit the results). Any

disagreements were resolved by a third independent investigator (C.G-E.).

- Statistical analysis

Quantitative synthesis was carried out using RevMan software (Review Manager version 5.3;
The Cochrane Collaboration, Copenhagen, Denmark). We used the odds ratio (OR) with 95%
confidence intervals (CI) to estimate the intervention safety and re-injection outcomes. Mean
differences (MDs) and the standard deviation (SD) were used to summarise the anaesthesia
onset time and duration data for each group.

Pairwise meta-analyses (PMA) were performed on studies that compared the same outcome
measures. We used random effect models as we expected to observe variability between the
studies (14). We selected the generic inverse variance method to combine data from split-mouth
studies with data from parallel group trials (15). We used forest plots to depict an estimation of
the overall effect. The effect estimates from each study are represented by boxes, while the
diamond at the bottom of the figure shows the pooled results. The CI is shown by a horizontal
line through the boxes and also corresponds to the width of the diamond. The position of no

effect is represented by the vertical line. When the outcome favoured the study group, the



results appear on the right of the vertical line, and if the diamond touches this line, the overall
effect is not statically significant. Finally, the heterogeneity of effect across studies was
estimated through I? analyses. When a significant heterogeneity (I* > 50%) was observed, we
carried out a sensitivity analysis. Statistical significance was defined as P < 0.05 for all

analyses.

RESULTS

- Study selection and description

The initial electronic and manual search yielded a total 482 references. After discarding
duplicates and articles based on their titles, 32 papers were selected for full-text assessment.
Inter-rater concordance was 92%, with a Cohen’s kappa coefficient of 0.75 (substantial

agreement).

Eighteen publications were excluded after applying the eligibility criteria: five papers with an
inappropriate study design (16-20); four studies that did not involve exclusively L3M
extractions (21-24); while nine articles lacked some data (25-33).

Finally, 14 RCTs met the inclusion criteria and were selected for qualitative and quantitative

synthesis (34-47).

All studies were two-arm trials, wherein one treatment arm included patients administered
articaine 4% and the other involved the use of one of the following anaesthetics: lidocaine 2%
(35-38,42-45), lidocaine 4% (34), mepivacaine 2% (40) or bupivacaine 0.5% (39,41,46,47).

We contacted four authors to obtain missing data (35,39,44,46) (Table 3).
Figure 1 represents the article selection process.
- Risk-of-bias assessment

As shown in Figure 2 and Supplementary File 1, three of the selected studies were determined
to have a high risk of bias due to performance (39,44), attrition (42) and/or reporting bias
(39,42,44). The risk of bias for most of the papers included in the meta-analysis (34—

38,40,41,43,45,47) was unclear; this was mainly due to the lack of data reporting the random



sequence generation and allocation concealment or a description of the blinding methods.

Finally, only one study was considered to have a low risk of bias (46).

- Extraction data:

Qualitative synthesis

Based on pooled patient samples from the 14 selected articles, 619 patients were included with a
total of 966 L3M extractions. Articaine 4% was used in 486 cases and was compared to
lidocaine 4%, lidocaine 2%, bupivacaine 0.5 % and mepivacaine 2% in combination with
different amounts of vasoconstrictor. Table 4 shows the data extracted from the selected papers,

organised according to the meta-analysis parameters.

There were no significant differences between studies in terms of safety (P > 0.05). Only six
cases of paraesthesia were reported in all the studies included in the review. Four (0.9%)
occurred in the articaine 4% group; half of them were affected in the IAN and the other half in
the lingual nerve (38,43). The lidocaine 2% group exhibited two cases of paraesthesia (0.7%) in
the IAN (35). In all cases, the nerve damage was temporary, but none of the articles reported the

recovery time.

Other adverse events such as vomiting (41), vasovagal syncope (44), prolonged postoperative
swelling and pain (35,44), trismus (36,37) and general malaise or dizziness (41) were also

recorded.

In two trials, the articaine group presented significantly fewer re-injections than bupivacaine

0.5% (46) and lidocaine 2% (38).

Regarding the anaesthesia onset time, articaine 4% had a shorter onset time compared with

lidocaine 4% (34), lidocaine 2% (35,38,42) and bupivacaine 0.5% (41,46).

Finally, the articaine group also recorded a longer anaesthetic duration compared to the
mepivacaine 2% (40) and lidocaine 2% (35-38,42,45) groups, but shorter than the bupivacaine

0.5% group (39,41,46,47).

Quantitative synthesis



We estimated the effect size by combining the data from 14 articles, ten of which had a split-

mouth design (34,35,38—41,43,45-47) (Table 3).

Safety
Twelve studies with a total of 858 L3M extractions in 530 patients (34—38,40,41,43—47) were

included for the safety analysis (Table 4). We were unable to estimate the effect size for the

comparisons between articaine 4% and lidocaine 4% and mepivacaine 2%.

We did not observe any statistically significant differences in terms of safety for lidocaine 2%
(OR:1.28; 95% CI: 0.55 to 2.97; P = 0.57; I* = 0%) and bupivacaine 0.5% (OR: 0.49; 95% CI:

0.04 to 5.58: P=0.57).
Re-injections

Thirteen studies involving a total of 916 L3M extractions in 569 patients (34-36,38—47) were

considered for the re-injection analysis (Table 4).

Quantitative results showed that patients who received articaine 4% needed significantly fewer
re-injections than lidocaine 2% (OR: 2.00; 95% CI: 1.29 to 3.09; P = 0.002; I* = 0%). No other
statically significant differences were found for the rest of the comparisons (bupivacaine 0.5%,

mepivacaine 2% and lidocaine 4%) (Figure 3B).

After a sensitivity analysis of the comparison between articaine 4% and bupivacaine 0.5%,
excluding the work by Trullenque-Eriksson et al. (39), the heterogeneity diminished which
affected the overall results and highlighted that articaine 4% needed significantly fewer re-

injections than bupivacaine 0.5% (OR: 3.14; 95% CI: 1.14 to 8.67; P = 0.03; I*= 22%)).
Onset of anaesthesia

Fourteen studies involving 966 L3M extractions in 619 patients (34—47) were used to analyse

the onset of anaesthesia (Table 4).

Quantitative synthesis revealed a shorter anaesthesia onset time in patients treated with articaine

4% than those administered lidocaine 2% (MD: 0.28 minutes; 95% CI: 0.16 to 0.39; P <



0.00001; I> = 83%), bupivacaine 0.5% (MD: 0.72 minutes; 95% CI: 0.28 to 1.17; P =0.001; =
51%) and lidocaine 4% (MD: 1.98 minutes; 95% CI: 0.81 to 3.15; P = 0.0009). No statistically
significant differences were found when articaine 4% was compared with mepivacaine 2%,
which was based upon one trial (40) (MD: 0.00 minutes; 95% CI: -0.11 to 0.11; P =1.00)

(Figure 3C).

For the lidocaine 2% comparison, heterogeneity was explained by differences in the reporting of
the onset time. A sensitivity analysis conducted after excluding three articles (36,37,42), led to
reduced heterogeneity without affecting the overall results (MD: 0.31 minutes; 95% CI: 0.22 to
0.39; P = 0.03; I = 38%). On the other hand, in the articaine 4% and bupivacaine 0.5%
comparison, we excluded the study by Sancho-Puchades et al. (47) resulting in diminished
heterogeneity without affecting the overall results (MD: 0.85 minutes; 95% CI: 0.78 to 0.92; P <

0.00001; I*= 0%).
Duration of anaesthesia

Fourteen studies comprising 966 L3M extractions in 619 patients (34—47) were deemed eligible

for the duration of anaesthesia analysis (Table 4).

Quantitative synthesis showed a longer duration of anaesthesia for articaine 4% when compared
with lidocaine 2% (MD: 63.37 minutes; 95% CI: 36.48 to 90.26; P < 0.00001; I* = 95%) and
mepivacaine 2% (MD: 56.95 minutes; 95% CI: 45.69 to 68.21; P < 0.00001). The heterogeneity
observed in the lidocaine 2% comparison can be explained by the differences in vasoconstrictor
concentration and the populations. After a sensitivity analysis that excluded Chawla et al. (35)
and Saralaya et al. (36), the heterogeneity decreased without affecting the overall results (MD:
52.66 minutes; 95% CI: 46.39 to 58.93; P < 0.00001; I = 31%). The effect of bupivacaine 0.5%
lasted significantly longer than articaine 4% (MD: -136.70 minutes; 95% CI: -197.21 to -76.18;
P < 0.00001; I = 93%). The heterogeneity diminished after a sensitivity analysis that excluded
Sancho-Puchades et al. (47) and without affecting the overall results (MD: -67.03 minutes; 95%

CI -80.51 to -53.54; P < 0.00001; I* = 16%). Only the comparison between articaine 4% and



lidocaine 4%, which was based on one trial (34), did not reveal any statistically significant

differences (Figure 3D).

DISCUSSION
Several different LAs are commercially available to ensure patient comfort and manage their
anxiety during the procedure (10). The choice of which LA should be used for L3M extractions

must be based on safety and efficacy parameters.

Our results suggest that articaine seems to be as safe as other aminoamide anaesthetics and
requires fewer re-injections than lidocaine 2% during the removal of the L3M. Regarding onset
time, articaine 4% showed shorter latency periods than lidocaine 2%, bupivacaine 0.5% and
lidocaine 4%. In addition, meta-analyses revealed that articaine 4% had a longer anaesthetic
duration than lidocaine 2% and mepivacaine 2%, but shorter than bupivacaine 0.5%. To the best
of our knowledge, the present review is the first to compare articaine 4% with other
aminoamide LAs such as lidocaine 2%, lidocaine 4%, bupivacaine 0.5% and mepivacaine 2% in

L3M extractions.

Different studies have reported paraesthesia after using the IANB technique. They described
incidences of between 1:27,000 and 1:785,000 (6,48) and it seems to affect the lingual nerve
more frequently than the IAN (7). Some authors have suggested that articaine 4% can produce a
higher number of nerve injuries due to its high concentration and neurotoxicity (7-9).
Consequently, after a retrospective analysis of 56 consecutive patients, Hillerup et al. (9)
suggested that articaine 4% should not be used in IANB. However, several papers highlighted a
lack of scientific evidence to support this recommendation, as they did not find any relationship
between articaine and nerve damage (19,23,49). There are many factors that can provoke nerve
damage during L3M removal; therefore, it is hard to determine which is the most significant
causal factor (or factors) with respect to nerve injuries. Additionally, although regional and
systemic complications can also occur while administering LAs, the prevalence of these adverse
events is low (6).The present review included six cases of transient paraesthesia, four of which

affected the IAN, while the other two were reported on the lingual nerve. The incidence of
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paraesthesia in our study was 0.9% in association with the use of articaine 4% and 0.7% after
the administration of lidocaine 2%. We did not find any differences regarding safety between
the different anaesthetic solutions. It is difficult to determine whether the paraesthesia was
caused by the administration of the anaesthetic solution or the surgery itself. Indeed, due to the
relatively low incidence of nerve injuries associated with local anaesthetics, a very large study
sample is required to statistically determine if articaine or any other LA has a greater incidence

of paraesthesia.

Compared to lidocaine 2%, a recent meta-analysis (11) found that articaine 4% required fewer
re-injections during L3M extraction, which agrees with the present review. Curiously, these
authors recommended the use of lidocaine 2% for this intervention based on the cost of
anaesthetics and on the findings of the aforementioned study (9). However, our results did not
reveal any significant differences between articaine 4% and lidocaine 2% in terms of safety,
furthermore, articaine 4% provided more effective anaesthesia in the removal of the L3M. In
terms of re-injections, we observed a statistically significant difference between articaine 4%
and lidocaine 2%, and between articaine 4% and bupivacaine 0.5% after the sensitivity analysis.
However, it should be noted that the studies used for the meta-analysis did not use a uniform
volume of local anaesthetic, which could affect the onset time, the duration and the need of re-
injection. To his end, we performed a sensitivity analysis to reduce the consequent
heterogeneity. In addition, with respect to onset time, the mean difference in onset between
articaine 4% and the onset for three LAs included in the study (lidocaine 2%, bupivacaine 0.5%
and lidocaine 4%) ranged from approximately 30 seconds to 2 minutes. Although this
difference was statistically significant for three of the LAs, it is important to point out that the

slightly longer onset times for the LAs may have minimal clinical significance.

The clinical behaviour of LAs can be explained by differences in their chemical properties (5).
For instance, the efficacy (reduced need for re-anaesthesia), the onset time and duration of the
anaesthetic effect depend on both LA- (e.g., liposolubility, LA concentration, amount of

vasoconstrictor) and patient-related factors (e.g., tissue pH, blood supply and anatomical

11



variations). Furthermore, these parameters can also be influenced by injection precision, which

is related to operator experience, and the type of technique used to perform the IANB (50,51).

In the present meta-analysis, bupivacaine 0.5% had a significantly longer anaesthetic duration
than articaine 4%, which, in turn, provided anaesthesia for a significantly longer period than
lidocaine 2% and mepivacaine 2%. These differences can be explained by the fact that
bupivacaine was the only long-acting LA in the review, as it has a much greater liposolubility

than the rest (51).

The present review has several drawbacks that should be mentioned. The results were mostly
based on papers deemed to have an undetermined or high risk of bias (34,35,44,45,47,36-43)
and, we also observed a high heterogeneity in some of the comparisons. Consequently, although
a sensitivity analysis was performed to assess the impact of confounding factors, our results

should still be interpreted with caution.
CONCLUSIONS
Within these limitations, we can draw the following conclusions:

- All LAs assessed were safe regardless of their formulation and concentration. Articaine
4% requires fewer re-injections and has a shorter onset time during L3M extractions.
Articaine 4% also exhibits a longer anaesthetic duration than other aminoamide

anaesthetics, except for bupivacaine 0.5%.
- Further investigations are needed to determine with confidence which is the safest and

most effective LA in L3M procedures.

Conflicts of interest. The authors do not have any conflicts of interest related to this study.
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FIGURE LEGENDS:

Figure 1. PRISMA flowchart summarising the selection process.
Figure 2. Risk-of-bias assessment according to the Cochrane Collaboration’s tool.
Figure 3. Forest plot for safety (A), re-injections (B), anaesthesia onset time (C) and duration of

the anaesthetic effect (D).
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