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Background: Lidocaine is the gold standard local anesthetic (LA) for UK pediatric dental treatment. Recent
reports suggest frequent Articaine use in FEurope and Canada, with evidence indicating more profound anesthesia.
The aim of this study was to examine pediatric dentistry specialist experiences and practices relating to Articaine
administration in the UK.

Methods: A literature review was followed by a survey using an anonymous 15-item electronic questionnaire,
which was sent to 200 registered British Society of Pediatric Dentistry (BSPD) specialists. Desctiptive analyses,
7. score, chi-squared test, Fisher’s exact test, and Spearman’s correlation test were performed.

Results: Sixty-one (30.5%) participants responded, and 12 (19.7%) indicated Articaine as their first line anesthetic.
Articaine was used daily or weekly by 38 (62.3%) respondents, depending on the clinical context. Articaine
was commonly used to avoid inferior alveolar nerve blocks and gain more profound anesthesia in abscessed
or hypomineralized teeth. Participants reported significantly more adverse effects with lidocaine (Fisher's exact
test, P < 0.0001) than with Articaine. Articaine was most often administered in children aged > 4 years via
infiltration techniques. Only 15 (24.6%) respondents reported awareness of guidelines for Articaine use in pediatric
patients.

Conclusions: Articaine use in pediatric dentistry is common; however, evidence supporting its practice is limited.
Several specialists follow conventions based on anecdotal evidence. Formulating guidance to aid decision-making
when treating pediatric patients under LA would be beneficial.
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INTRODUCTION

Local anesthesia (LA) dates back to 1884 with the
application of Cocaine, from which the first recognized
LA agent, Procaine, an amino ester, was synthesized. In
the 1940-50s, amide LA

including Lidocaine and Mepivacaine. These were more

agents were introduced,
potent than Procaine, and they produced fewer allergic
reactions; thus, they were considered better LA agents,

with Lidocaine becoming the new ‘gold standard’. In
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1969, Articaine was introduced to the market — a ‘hybrid’
amide containing an ester-group thiophene ring. The
thiophene ring increases lipid solubility (ability to diffuse
through the cortical bone and myelin sheath) and potency.
Articaine is unique; 90% is metabolized in the plasma
by esterase hydrolysis, instead of in the liver where 95%
of Lidocaine is metabolized, and it has a lower half-life
[1].

LA is performed to alleviate pain and discomfort,
facilitate cooperation, and reduce dental anxiety in

patients who require invasive procedures. The scope of
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practice of the General Dental Council [2] outlines LA
administration as a core skill for dentists and dental
therapists.

Studies have shown that Lidocaine is the ‘gold
standard’ for adult and pediatric patients in dental school
local guidelines [3]. Several pediatric dental guidelines
recommend LA before invasive treatments and state
recommended dosages; however, none of them indicate
the use of Articaine over Lidocaine or vice versa [4,5].
Therefore, several dentists guide their decisions with
experience and reports from clinical studies.

The gold standard local anesthetic varies worldwide;
several European countries (Italy, France, Germany, and
the Netherlands) and Canada predominantly use Articaine
as their first-line anesthetic [1]. It has been reported that
Articaine is more than 90% of the LA used by dentists
in Germany [6,7]. In the UK, Lidocaine is currently the
most popular local anesthetic used in general dental
practices for both adult and pediatric patients. However,
Articaine sales have been rising, reaching just under 10
million cartridges in 2008 [8]; a study reported that
Articaine tends to be used more frequently by newly
qualified dentists [9]. This difference in opinion could
be due to the conflicting literature on Articaine’s efficacy
and safety, which are two crucial properties for an ideal
local anesthetic. In an age where evidence-based dentistry
is at the forefront of dental undergraduate education,
guidance on the use of Articaine may aid decision-making
when treating pediatric patients in the UK.

The aims and objectives of this study were to examine
current practices and experiences of pediatric dentistry
specialists in relation to Articaine use as a local

anesthetic.

METHODS

Following a thorough literature review, a survey
questionnaire was developed and revised by the authors.
The questionnaire was based on previous study

questionnaires and consisted of 15 items which included
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multiple-choice and open-ended long answer questions
[9,10]. The items focused on LA, especially in relation
to Articaine practices and attitudes. The estimated survey
participation duration was 10 minutes. The questionnaire
was piloted and amended before approval by the Dental
School Research Ethics Committee (Ref: 1708a).

Following approval from the British Society of
Pediatric Dentistry (BSPD) officials, the questionnaire
was distributed electronically via email to all UK, General
Dental Council (GDC), and BSPD registered pediatric
dentistry specialists. As of 2016, the target cohort
consisted of 200 specialists. The email was distributed
between February and October 2017, with follow-up
emails sent on two separate occasions to encourage
participation. The survey was strictly anonymous and
voluntary, with the freedom to withdraw at any time.
Using G*Power power analysis software, a sample size
of 60 participants was determined with a power of 80%
to detect differences of 15%.

Participant responses were recorded electronically and
anonymously in preparation for data collection. The data
set was subsequently prepared and statistically analyzed
using SPSS. Descriptive analyses were used, as well as
the Z-score, chi-squared test, Fisher's exact test, and
Spearman's correlation test. The findings were considered
significant at P < 0.05.

RESULTS

Of the 200 specialists in pediatric dentistry invited to
participate in the questionnaire, 61 responded (Table 1),
which satisfied our sample size requirement. The year of
pediatric dentistry specialization ranged from 1987 to
2016, from which years of experience as a pediatric
specialist was calculated and categorized; 39.3% had
between 11 and 20 years of pediatric dentistry experience.
Participants graduated from several dental schools across
the UK; these were classified into regions, with 47.5%
graduating from a dental school in England. Sex and age

were not considered in this study.
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Table 1. Study participants” demographic details

Region of graduation Years of experience as a

(Cities) n = 61 (%) pediatric specialist n = 61 (%)
England 29 (47.5%) 21+ 3 (4.9%)
(London, Newcastle, Liverpool, Birmingham, Sheffield,

Manchester)

Wales 4 (6.6%) 11 to 20 24 (39.3%)
(Cardiff)

Scotland 12 (19.7%) 6 to 10 11 (18%)
(Dundee, Glasgow, Edinburgh)

Northern Ireland 4 (6.6%) 5 or less 20 (32.8%)
(Belfast)

Other countries 8 (13.1%) Undisclosed 3 (4.9%)
Undisclosed 4 (6.6%)

Table 2. Reported frequency of Lidocaine and Articaine administration by participants, and first-line local anesthetics stratified by region of graduation
and years of specialist experience

Frequency of use Lidocaine (n = 60) Articaine (n = 61)

daily* 31 (51.7%) 14 (23.0%)

weekly 22 (36.7%) 24 (39.3%)

monthly 1 (1.7%) 6 (9.8%)

infrequently 6 (10.0%) 17 (27.9%)
Fisher's exact P-value = 0.001*

Region of graduation Lidocaine as first-line anesthetic Articaine as first-line anesthetic

England 26 (42.6%) 3 (4.9%)

Wales 4 (6.6%) 0

Scotland 10 (16.4%) 2 (3.3%)

Northern Ireland* 1 (1.6%) 3 (4.9%)

other/undisclosed 8 (13.1%) 4 (6.6%)

Totals (n = 61) 49 (80.3%) 12 (19.7%)
Fisher's exact P-value = 0.0263*

Years of specialist experience Lidocaine as first-line anesthetic Articaine as first-line anesthetic

5 or less 18 (29.5%) 2 (3.3%)

6 to 10 10 (16.4%) 2 (3.3%)

11 to 20 17 (27.9%) 6 (9.8%)

21+ 3 (4.9%) 0

undisclosed 1 (1.6%) 2 (3.3%)

Totals (n = 61) 49 (80.3%) 12 (19.7%)

Fisher's exact P-value = 0.5088

*indicates  significant values.
‘Other/Undisclosed” was not included in statistical comparisons

14) reported the daily use of Articaine. The majority of

1. Fregency of administration and first-line anestheti . . . .
eqency of administratio d first-line anesthetic participants who chose Articaine as their first line local

The first-line local anesthetic and the frequency of anesthetic graduated from Northern Ireland (Belfast)

administration for each agent are shown in Table 2. (Fisher's exact test, P = 0.0263). However, the number
Lidocaine was the most common first-line local anesthetic of years of specialist experience and the use of Articaine
(n = 49, 80.3%), and it was significantly more likely to as a first-line anesthetic had no significant correlation.
be administered daily than Articaine (Fisher's exact test, There were no significant associations between the

P = 0.001); 51.7% (n = 31) of the participants reported frequency of use of either anesthetic and the region of

daily Lidocaine administration, whereas only 23% (n = graduation or the years of specialist experience.
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Fig. 1. Reported use of Lidocaine and Articaine by participants, according to pediatric patient age groups (*indicates significant values)

2. LA administration — age range, adrenaline
concentration, and technique

The majority of participants (n = 55, 91.7%) stated that
they would administer lidocaine in pediatric patients aged
0-4 years, whereas only 8 (13.1%) would administer
Articaine to the same age group (Fisher's exact test, P
< 0.0002). A marginally non-significant association
between LA administration and the 5-9 years group was
also observed (Fisher's exact test, P = 0.06396), following
a multiple testing correction (Fig. 1). This suggests
Articaine avoidance with decreasing age, with a more
robust association with the 0-4 years age group. However,
four participants indicated that they would not administer
both anesthetics to children aged 0-4 years; the local
anesthetic they would use in this cohort of patients is
unclear.

A variation in the preference of Articaine adrenaline

concentration was noted:
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® 68.9% (n = 42) of participants used 1:100,000
adrenaline

® 213% (n
adrenaline

® 9.8% (n = 6) of participants used both 1:100,000 or
1:200,000 adrenaline

There were no significant associations between the

13) of participants used 1:200,000

preference for adrenaline concentrations and years of
specialist experience or region of graduation.
Regarding the method of administration of Articaine,
98.4% (n = 60) of the respondents indicated buccal
infiltrations as their preference, with 54.1% (n = 33) and
148% (@m = 9
intra-papillary

indicating intra-ligamental and

infiltrations, respectively, as their
supplementary methods of administration. In relation to
administration techniques being avoided when using
Articaine, 95.1% (n = 58) of participants stated that they
would not administer Articaine using inferior alveolar

nerve blocks (IANB); 7 respondents further indicated that
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Table 3. Contra-indications, as stated by 50.8% of participants (n = 31), for the use of Articaine

Contra-indications

Number of times stated

(n = 36) (%

Young children (under 4-5 years of age) 21 (58.3%)
Children with additional needs or biting habits 4 (11.1%)
Medical history 11 (30.6%)
Allergy 6 (54.5%)
Interaction with other medications 1 (9.1%)
Liver disease 1 (9.1%)
Renal disease 1 (9.1%)
Asthma 1 (9.1%)
Cardiac disorders 1 (9.1%)

they would not administer any forms of nerve blocks,
including mental blocks or infra-orbital blocks, using this
local anesthetic. The reasons cited for IANB avoidance
included the risk of prolonged paresthesia (n = 13), the
risk of nerve injury or damage (n = 10), and reported
neurotoxicity (n = 5). One respondent stated that they
would avoid administering intra-ligamental infiltrations

using Articaine; however, no reason was specified.
3. Articaine selection criteria

The participants identified various procedures for
which they would opt to use Articaine, which included
restorations (n = 58), pulp treatment (n = 38), extractions
(n = 57), preparation of teeth for the application of
preformed metal crowns (n = 22), and surgical procedures
(n =5).

The reasons stated for the use of Articaine as a local
anesthetic were:

¢ Avoidance of IANB - to reduce discomfort, patient

distress, and the risk of soft tissue trauma (n = 21)
e Increased effectiveness for abscessed, infected, or
hypomineralized lower molars (n = 10)

® More profound, successful, and predictable analgesia
(especially in cases where Lidocaine has failed) (n
= 18)

® Reduced risk of toxicity due to the lower dosage
required (n = 1)

However, 36 contraindications were stated for the use
of Articaine in certain situations by 50.8% of the

respondents (n = 31), as summarized in Table 3. A large

proportion (58.3%, n = 21) of the contraindications stated
were related to young children, specifically those under
the ages of 4-5 years; the aim was to reduce the risk
of soft tissue trauma, and due to the fact that Articaine
was not licensed in this age group. Of the contra-
indications related to medical history (30.6%, n = 11),
54.5% (n = 6) were associated with allergic reactions to
the constituents of the anesthetics such as preservatives

or amide compounds.
4. Frequency of adverse effects

Adverse effects following LA, as illustrated in Table
4, included prolonged paresthesia, soft tissue trauma, and
diplopia; these were reported by 42.6% of the
participants. A significantly larger proportion of reported
adverse effects following LA occurred with lidocaine
(84.6%) than with Articaine (15.4%) (Fisher's exact test,
P < 0.0001); the odds of adverse effects was 8.11 greater
when using lidocaine than when using Articaine,
considering the frequency of use. There were no
significant associations between reported adverse effects
and the frequency of administration of either of the local
anesthetics individually. Additionally, there was no
association  between the  Articaine adrenaline
concentration and the reported adverse effects. Prolonged
paresthesia, as an adverse effect, was reported equally
within both cohorts at a minimal level, while soft tissue

trauma was the most reported adverse effect.
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Table 4. Adverse effects reported by specialists in pediatric dentistry following the use of Lidocaine and Articaine

Reported adverse effects

Local Anesthetic Prolonged paraesthesia Soft tissue trauma Diplopia Total (n = 26)
Lidocaine 2 19 1 22 (84.6%)
Articaine 1 3 0 4 (15.4%)
Reported adverse effects according to the frequency of local anesthetic use
Lidocaine frequency of use Fisher's exact P-value <
Daily Weekly Monthly Infrequently Totals (n = 60) 0.0001*
Experience of adverse effects 14 6 1 1 22 (36.7%) 0dds of adverse effects
No adverse effects 17 16 0 5 38 (63.3%) when using Lidocaine 8.11
Fisher's exact P-value = 0.2341 greater than when using
Articaine frequency of use Articaine
Daily Weekly Monthly Infrequently Totals (n = 61)
Experience of adverse effects 3 1 0 0 4 (6.6%)
No adverse effects 1 23 6 17 57 (93.4%)

Fisher's exact P-value = 0.0919

5. Knowledge of guidelines relating to Articaine

The majority of participants (n = 46, 75.4%) stated that
they were unaware of any guidelines for administrating
Articaine in pediatric patients; of this cohort, 13% (n =
6) used Articaine as their first line anesthetic, and 19.6%
(n = 9) used Articaine daily. Of the 15 participants
(24.6%) who stated that they were aware of guidelines,
66.7% (n = 10) referred to the guidelines of the American
Association of Pediatric Dentistry (AAPD) (2015) [11].

DISCUSSION

The aim of this survey study was to obtain insights
into the UK perspective on LA, especially in relation to
the practices and attitudes toward Articaine usage in
pediatric dentistry. A convenience sample of BSPD GDC-
registered UK specialists was chosen due to their daily
practice within pediatric dentistry. It is acknowledged that
the 33.5% response rate is a weakness of this study. The
low response rate could have been a result of the length
of the questionnaire and the limited free time of the
specialists.

This study found that a large proportion of specialists
in pediatric dentistry (80.3%) considered Lidocaine to be
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their first choice. However, Articaine is used frequently;
62.3% stated that they used it daily and weekly. A
significant association was found between choosing
Articaine as the first line anesthetic and graduating from
Northern Ireland (Belfast). This may be a result of
variations in the local guidelines adopted in different
dental schools. A study exploring the teaching of LA to
dental students revealed that 14 dental schools in the UK
used Articaine; however, only 1 dental school stated
Articaine as their first line LA for pediatric patients, while
5 dental schools stated that Articaine was not to be used
in either adult or pediatric patients [3]. No significant
associations were found between years of specialist
experience and the choice of the first-line anesthetic, the
frequency of use of an anesthetic, or Articaine adrenaline
concentrations. However, the study had a low power for
detecting potential effects as a result of the small sample
size.

The avoidance of Articaine administration in children
between the ages of 0-4 years may be due to the
manufacturer’s information found within the Septanest
Data Sheet, which states that 4% Articaine 1:100,000
adrenaline should only be used in children aged 4 years
and above [12]; clinical trials excluded patients below this
age group. However, several studies have supported the

use of Articaine in children aged < 4 years old,
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recommending it because of its high potency, reduced
toxicity, and lower recommended dosage when compared
to Lidocaine, coupled with a low occurrence of adverse
effects [3,10,13].

Infiltrations and IANBs are the two most common local
anesthetic delivery methods in clinical dentistry. Within
this study, a large proportion of participants stated that
they avoided IANBs and administered Articaine through
buccal infiltrations. This route of administration for
Articaine has largely been pre-determined by the fact that
it is not recommended for administration through TANBs
in children in some countries [14]. The reasons cited by
participants for IANB avoidance with Articaine included
the risk of prolonged paresthesia, the risk of nerve injury
or damage, and reported neurotoxicity. There are
conflicting opinions in the literature on the potential
neurotoxicity of Articaine if administered as an IANB.
One study established that IANBs may cause nerve injury
using any local anesthetic, regardless of the agent used;
25% of incurred injuries were associated with Lidocaine
and 33% with articaine [15,16]. Additionally, a recent
meta-analysis concluded that there was no increased
incidence of adverse events when comparing Articaine
to Lidocaine in IANBs [17].

The avoidance of IANBs was commonly used to justify
Articaine use, as well as the more profound and
predictable analgesia in cases where Lidocaine failed and
more effective analgesia for abscessed or hypomine-
ralized lower molars. Evidence reinforces the former
justification, as IANBs are more painful in children than
buccal infiltration techniques as a result of the higher
volume, longer duration of injection, and penetration of
multiple deeper structures by the needle [6,18,19].
Regarding the effectiveness of Articaine for abscessed or
hypomineralized molars, several studies have reported
that supplementing a Lidocaine IANB with Articaine via
buccal infiltration provides more profound and successful
pulpal anesthesia in patients presenting with irreversible
pulpitis [20,21]; however, the studies comparing the
effectiveness of Lidocaine and articaine in hypomine-

ralized molars in pediatric patients are limited. More

recently, articaine delivered through intraosseous
injection has been found to be effective and safe for
achieving profound anesthesia in MIH-affected teeth with
severe hypersensitivity related to chronic pulpal infla-
mmation in children [22]. Additionally, a systematic
review by Tong et al. reported less patient-reported pain
after the procedure following LA with Articaine,
indicating additional benefits of its use [14].

Of the contraindications stated by respondents in
relation to the use of Articaine, 30.6% (n = 11) were
related to medical history; of these, 54.5% (n = 6) referred
to allergic reactions to the constituents of the anesthetics.
Although hypersensitivities are documented in the
literature, true allergies to amide LA agents are
considered rare [23]. Hypersensitivities are commonly
associated with common preservatives such as methyl-
paraben and sodium metabisulphite [24]. Additionally,
sulfites and sulfiting agents, such as sodium meta-
bisulphite, have been found to induce asthmatic
symptoms; therefore, caution is advised in children with
severe asthma [25]. Renal and liver disease and cardiac
disorders were also mentioned by participants as contrain-
dications for the use of Articaine. As the metabolism and
elimination of local anesthetics generally depend on the
normal function of the liver and kidney(s), there is a
theoretical risk of metabolite accumulation and systemic
toxicity in patients with severe renal and hepatic
impairment [26]. The British National Formulary advises
caution when using any local anesthetic in patients with
severe hepatic or renal impairment [27]. In patients with
severe hypertension or unstable cardiac rhythm, the use
of adrenaline with a local anesthetic may be hazardous;
local anesthetics should be used without adrenaline and
accidental intravascular injection should be prevented
[27]. However, there is no evidence that Articaine poses
a higher risk in these patients than other local anesthetics.

A large proportion (58.3%) of the contraindications
stated for the use of Articaine were related to young
children, specifically those under the ages of 4-5 years;
the aim was to reduce the risk of soft tissue trauma, and

due to the fact that Articaine was not licensed for this
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age group. Several studies have demonstrated self-induced
soft tissue injuries as common complications of local
anesthesia in young children under the ages of 6-7 years.
However, studies have generally demonstrated no
significant differences between the number of soft tissue
injuries incurred with the use of Lidocaine and articaine
[28,29]. Conversely, the results of this study suggest that
pediatric specialists had experienced more adverse effects
(prolonged paresthesia, soft tissue trauma, and diplopia)
with Lidocaine, despite taking into consideration its
higher frequency of use. This contradicts the reports by
previous literature suggesting that there are no significant
differences between the adverse effects of Lidocaine and
articaine and they are associated with an equal likelihood
of incidents [6,14,18,19,30]. On the other hand, clinical
studies comparing the risk of adverse effects from IANBs
and infiltrations when using both Articaine and Lidocaine
found that IANBs were most commonly associated with
significantly more adverse effects than infiltrations
[31,32]. As IANBs are most often used with Lidocaine,
it is expected that these reactions are more commonly
associated with this anesthetic.

The majority of participants (75.4%) were unaware of
any pediatric guidelines for Articaine use. The AAPD
[11], (the most commonly stated guideline for the use
of Articaine) does not state that Articaine cannot be used
in children younger than 4 years, or that it increases the
risk of soft tissue trauma, or that it should not be
administered via an IANB.

The data collected from this study shows that while
Lidocaine is still the most commonly used local anesthetic
by specialists in pediatric dentistry, Articaine is safe and
effective for use in pediatric patients. The most common
justifications for avoiding Articaine administration in
children were ages below 4 years, avoiding the risk of
soft tissue trauma, and avoiding IANBs. However, the
most commonly known local anesthetic guideline on
Articaine usage from the AAPD (2015) does not confirm
these common attitudes and opinions. Future research
should focus on these areas to address professional

concerns. Additionally, formulating UK guidelines to aid
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decision-making when treating pediatric patients under
LA would be beneficial.
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