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Comparison of articaine 4% and lidocaine 2% in paediatric
dental patients
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Summary. Objective. To evaluate and compare the reaction of children who received local anaesthesia with lidocaine
2% with 1 : 100 000 epinephrine and articaine 4% with 1 : 200 000 epinephrine and to assess the time of the onset, efficacy,
duration of numbness of the soft tissues, children’s sensation after treatment to both anaesthetic solutions, as well as the
occurrence of adverse events.

Samples and methods. Sixty-two children (34 girls and 28 boys) aged 5-13 years (mean age 8-4 + 2-3) from two estab-
lished paediatric dental clinics who needed similar operative procedures preceded by local anaesthesia were randomly
assigned to receive either lidocaine or articaine at their first or second visit. Modified Taddio’s behavioural pain scale
was used to evaluate pain reaction during injection and treatment. The sensation after injection and treatment was evaluated
using the Wong—Baker FACES pain rating scale. Parents recorded the time when the feeling of local anaesthesia in soft
tissues disappeared.

Results. Duration of numbness of soft tissues was significantly longer for articaine (3-43 + 0.7 h) than for lidocaine
(3-:0£0-8 h) (P =0-003). No difference regarding the efficacy of the anaesthesia was observed.

Reaction to pain was similar for both local anaesthetic solutions and no significant difference was found between genders.
The efficacy of the anaesthesia was similar for both solutions. The feeling after treatment was similar for both solutions.
The rate of adverse effects was similar for the two solutions.

Conclusions. Articaine 4% with 1:200 000 epinephrine is as effective as lidocaine 2% with 1: 100 000 epinephrine.
The effect of numbness of soft tissues was longer lasting with articaine than with lidocaine.

The average duration of anaesthesia with lidocaine

I .
ntroduction 2% with epinephrine is 60 min for pulp tissue and

Fear-related behaviour has long been recognized as
the most difficult aspect of patient management
and can be a barrier to good care. While patients’
fears may be acquired through vicarious experiences
and threatening information, direct experience is the
most common source of dental fear. It is ironic that
local anaesthesia allows virtually pain-free treatment,
yet is associated with many anxious thoughts and
misconceptions in the young patients [1] and is also
the most anxiety-provoking procedure for dental
patients and dentists too [2].
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170 min for soft tissue (maxillary infiltration) com-
pared with 85 min for pulp tissue and 190 min for
soft tissue (mandibular block) [3]. Children still feel
numbness of the lips, tongue, and soft tissues after dental
treatment. A disadvantage of local anaesthesia in chil-
dren is the feeling of numbness after the treatment.
Self-inflicted lesions of lips, tongue, cheek, and soft
tissues may occur as a result of this loss of sensation.

Lidocaine is a popular solution for local anaes-
thesia; however, another solution, articaine, was
introduced to clinical practice in Germany in 1976
[4]. In 2000, the US Food and Drug Administration
approved the sale of 4% articaine with 1 : 100 000
epinephrine under the name Septocaine (Septodont).
The solution is also available in a concentration of
4% with 1:200 000 under the name of Ubistesin
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(ESPE). Articaine is a 4-methyl-3-[2-(propylamino)-
propionamido]-2-thiophene-carboxylic acid, methyl
ester hydrochloride with a molecular weight of
320-84. It is the only local anaesthetic that contains
a thiophene ring and is the only widely used amide
local anaesthesia that contains an additional ester
group. Biotransformation of articaine occurs in plasma
(hydrolysis by plasma esterase) and the liver (hepatic
microsomal enzymes) and is eliminated via the
kidneys [5]. It was suggested that articaine hydro-
chloride has 1-5 times the potency of lidocaine [6],
and should be administered according to body weight
[7]. Clinically, articaine is used in a 4% concentration
with epinephrine 1: 100 000 or 1 : 200 000 in a 1-7 mL
solution in the cartridge.

In a multicentre trial conducted on 1325 subjects
(children and adults), the safety and efficacy of lido-
caine 2% and articaine 4% both with 1 : 100 000
epinephrine were compared [8,9]. In children, several
studies also evaluated the safety and efficacy of 4%
articaine with 1: 100 000 and 1 : 200 000 epinephrine
[10-13]. Malamed compared the safety and efficacy
of articaine 4% and lidocaine 2%, both with epine-
phrine 1 : 100 000 and found no difference between
the two solutions [13]. Wright ef al. found no adverse
effects when articaine 4% with epinephrine 1 : 100 000
or 1:200 000 was administered [11]. In another study,
when articaine 4% was compared to mepivacaine
HCI 2% and prilocaine HCl 4% all solutions with
1 : 200 000 epinephrine, they were found to be equally
effective [12]. In addition to safety, Dudkievicz et al.
studied the efficacy of articaine 4% in 1 : 100 000
and 1 : 200 000 epinephrine. Both anaesthetic solutions
were found to be efficient and safe [10].

No study has yet been conducted to assess and
compare the responses of children and the duration
of numbness of soft tissues when receiving local
anaesthesia with articaine 4% (1 :200 000 epine-
phrine) and lidocaine 2% (1 : 100 000 epinephrine).

The objective of this study was to evaluate and
compare the reaction of children who received local
anaesthesia with lidocaine 2% with 1 : 100 000; and
articaine 4% with 1:200 000 epinephrine and to
assess the time of onset, efficacy, duration of numb-
ness of the soft tissues, children’s sensation after
treatment, as well as the occurrence of adverse events.

Patients and methods

Participants in the study included 62 children (34
girls and 28 boys) aged 5-13 years (mean age

8-4 + 2.3, median 8), mean weight 30-44 + 8-80 kg,
median 29, from two established paediatric dental
clinics in Jerusalem and Tel Aviv. Inclusion criteria
were the need for at least two clinical sessions for
similar operative procedures with local anaesthesia
in the same arch, not as emergency procedures.
An experienced paediatric dentist carried out the
treatment for each child in each centre (one dentist
per centre).

A random cross-over design was used and each
child served as his or her own control. The average
duration of simple and complex procedures was
comparable in each child between articaine and lido-
caine. All children were healthy, and none needed
a sedative or other pharmacological support to
receive dental treatment. Informed consent was
obtained from the accompanying parent after
explaining and describing the procedure. The child’s
age and weight, type and amount of local anaesthe-
sia, the need for additional local anaesthesia, and the
time of onset were recorded. Each patient was ran-
domly assigned to receive either lidocaine HCI 2%
with 1: 100 000 epinephrine (OctocaineR, Novocol
Pharmaceutical of Canada Inc. Cambridge, Ontario,
Canada N1R) or articaine HCl 4% with 1 : 200 000
epinephrine (Ubistesin, ESPE Dental AG, D-82229
Seefeld, Germany) for the first visit, with the other
solution administered during the second visit.

Up to one cartridge of lidocaine (maximum dose:
4 mg/kg body weight) and articaine (maximum
dose: 5 mg/kg body weight) was administered [7].
Before the injection, topical anaesthetic gel on a
cotton roll was applied for 1 min to the injection
site. The injection of the local anaesthetic solution
was slow with an average duration of nearly 2 min
(approximately 1 mL/min) [14].

The modified behavioural pain scale, suggested by
Taddio et al. [15], was used for objective evaluation
of the children’s reaction during injection. The scale
comprised the following parameters: (i) facial dis-
play, (ii) arm/leg movements, (iii) torso movements,
and (iv) crying. The facial display followed Craig’s
behavioural description of facial actions, which
describes pain [16]. Only two of the four of most
descriptive facial actions were evident (eye brow
bulge or eye squeeze), as the mouth was open and
the nose was partly covered by the operator’s hand
during injection. All behaviour parameters were
evaluated during injection and subsequent treatment.

A trained dental assistant, who did not participate
in the treatment and was blinded to the agent being
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used, recorded the behavioural parameters in each
centre. To check on recording, 15 patients who were not
included in this study were evaluated as a pilot study.

The time of onset was evaluated by asking the
child when the sensation of numbness started. The
Wong—Baker FACES pain rating scale (FPS) was
used for subjective evaluation of feeling after the
injection [17]. This scale shows good construct
validity as a self-report pain measure. The FPS
measures the unpleasantness or affective dimension
of a child’s pain experience after injection and is
used in children aged 3-17 years. The child is
shown a set of six cartoon faces with varying facial
expressions ranging from a smile/laughter to tears.
Each face has a numerical value. After verbal
instructions were given on how to use the FPS, the
children were asked to select the face ‘which looks
like how you feel deep down inside, not the face
you show to the world’. The children were asked to
rank their sensation immediately after the injection,
and by phone 1 and 2 h after.

The efficacy of the anaesthesia was evaluated dur-
ing treatment. Additional local anaesthetic solution
was added when children showed or reported signs
of pain. Parents were instructed to ask the child and
to record the time when the feeling of numbness
disappeared (offset time). They were asked by phone
after 1, 2 or more hours to report it and were also
asked about the occurrence of adverse effects.
Differences in parameters were evaluated by McNe-
mar test and paired -test. Significance was set at
P < 0-05.

Results

As no significant differences were found between
the two operators, results were pooled. No
significant differences were found in outcomes for
the two solutions with regard to gender.

No differences were seen between solutions in
onset time, with this being immediate in more than
80% of instances.

Treatment included 40 maxillary local infiltrations
and 22 mandibular block injections. Onset time during
the first and second sessions and by type of local
anaesthesia given (local infiltration or mandibular
block) is shown in Table 1. In neither case were dif-
ferences significant.

In addition, no significant difference was found
when articaine or lidocaine was used during the first
or second visit.

In this study no difference in subjective evaluation
(Wong—Baker FPS) of pain reaction between lido-
caine and articaine between boys and girls when
maxillary infiltration or mandibular block tech-
niques were used. Ninety-eight percent of scores
were of 3 or less were recorded when either method
was used and for either solution.

No significant difference was found between
solutions in the objective evaluation (according to
Taddio’s scale) during injection or between first and
second sessions or in the technique of local anaes-
thesia when delivering maxillary infiltration or man-
dibular block. The number of children crying during
administration at first and second visits and in rela-
tion to type of injection is shown in Table 2.

No significant difference was found in duration of
numbness between local infiltration and mandibular
block and between boys and girls for each local
anaesthetic solution. However, the duration of

Table 2. Frequency table of children crying during injection by
visit (first or second) and by type of local anaesthesia (local
infiltration and mandibular block)

Crying during
mandibular block
in second visit

Crying during
local infiltration

Crying durin . ..
ying & in second visit

local infiltration

in first visit Yes No Total Yes No  Total

Yes 6 4 10 2 2 4
15% 10% 25% 9% 9% 18%

No 3 27 30 0 18 18
75% 67-5% 75% 82% 82%

Total 9 31 40 2 20 22
225% T75% 100% 9% 91% 100%

Table 1. Frequency table of children regarding to onset time by type of local anaesthesia (local infiltration or mandibular block) and session

Local infiltration
Onset time in session 2

Mandibular block
Onset time in session 2

Onset time session 1 Immediate After 2 min Total Immediate After 2 min Total
Immediate 31 (77-5%) 3 (7-5%) 34 (85%) 19 (86:5%) 1 (4:5%) 20 (91%)
After 2 min 2 (5%) 4 (10%) 6 (15%) 1 (4:5%) 1 (4-5%) 2 (9%)
Total 33 (82:5%) 7 (17-5%) 40 (100%) 20 (91%) 2 (9%) 22 (100%)
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Table 3. Duration of numbness and subjective measurements of
reaction to pain for both solutions

Lidocaine 2%  Articaine 4%  Significance

Duration of 3.01£00-82h 3-43+00-74h P =0-003
numbness

Wong—Baker FPS 1-06 £ 0-73
After injection

Wong-Baker FPS 1:03 £ 0-63
After 1 h

Wong—Baker FPS  1-03 = 0-81
After 2 h

1-08 £0-79 NS

0-95 £ 0-65 NS

0-90 £ 0-68 NS

P < 0-05 — paired samples statistics.

Table 4. Adverse effects with both solutions

Adverse effects Lidocaine 2% Articaine 4%

Accidental lip/cheek injury 2 1
Post-procedural pain 1 3
Haematoma 1 0

numbness of soft tissues was longer for articaine
(343 £ 0-7 h) than for lidocaine (3-0 £ 0-8 h). This
difference was statistically significant (P = 0-003)
(Table 3).

Subjective pain reaction, measured by the FPS of
Wong-Baker, showed that children reacted posi-
tively to injection with either solution immediately,
and 1 and 2 h after receiving the local anaesthetic
solution with no statistically significant differences
between solutions in this outcome measure (Table 3).

Adverse events related to articaine and lidocaine
were similar for the two solutions and included:
accidental lip and/or cheek injury (three patients),
post-procedural dental pain (four patients), and hae-
matoma (one patient). Differences between the two
solutions were not statistically significant (Table 4).

Complete anaesthesia was achieved in 53 of 62
subjects. Nine patients needed additional local
anaesthesia. In eight of them, the addition was
needed for both solutions.

Discussion

Few studies have evaluated the safety and efficacy
of articaine 4% with 1:200 000 epinephrine in
children [10-12].

In this study the reaction to pain during injection
and the duration of numbness of soft tissue with
lidocaine and articaine were assessed and compared.

The onset was similar for both solutions, which
is in accordance with results of Malamed et al. [13].

The fast onset of both solutions may be due to the
fact that lidocaine and articaine have the same pKa
of 7-8. The administration of the local anaesthetic
solution was slow (between 1-5 and 2 min) and the
onset was almost immediately after injection for the
great majority of children included. Lemay et al. [19]
and Donaldson et al. [20] reported also a fast onset
time in children when articaine 4% was administered
compared to adults.

No significant difference in the subjective pain
reaction (Wong—Baker FPS) was observed between
solutions, a finding that is in accordance with
Malamed et al. [13].

Although similar in speed of onset, articaine was
significantly longer lasting when compared to lido-
caine. The duration of action of local anaesthetic
agents may be related primarily to their degree of
protein binding. As local anaesthetic solutions are
believed to act binding to a protein receptor in the
sodium channel, the greater protein binding of a spe-
cific agent presumably results in a longer period of
sodium channel blockade and a longer duration of
anaesthesia [21]. The reported protein-binding val-
ues for lidocaine and articaine are 65% and 95%,
respectively [8].

No significant difference was found between both
solutions regarding efficacy, although the anaesthetic
solutions were of a different concentration: articaine
4% and lidocaine 2%. This may be explained by the
fact that lipid solubility of articaine is 1-5 and for
lidocaine 4-0. Lipid solubility is a primary determi-
nant of intrinsic anaesthetic potency, as the nerve
membrane that represents the site of action of local
anaesthetics consists primarily of lipids.

Few adverse reactions were reported with both
solutions and despite the greater duration of numbness
with articaine, no significant differences were found
in their frequency. This result is again in accordance
with findings reported by Malamed et al. [13].

Additional anaesthesia was administered to nine
of 62 subjects, in eight of them the addition was
needed for both solutions, perhaps suggesting a need
for greater depth of analgesia in some children of
variation in sensitivity and response to sensation.

No difference in duration of numbness of the soft
tissues was found between maxillary infiltration and
mandibular block. This finding is not in accordance
with others’ who found that duration of local anaes-
thesia in the maxilla when infiltration was used was
shorter for the mandible where nerve block injec-
tions were employed [8,22,23].
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What this paper adds

» The time that the effect of numbness of soft tissue lasts
after dental treatment when using articaine.

e The reaction of children during injection with articaine.

Why this paper is important to paediatric dentists

o It is demonstrated that articaine 4% 1:200 000 and
lidocaine 2% 1:100 000 presented the same efficacy.

» The effect of numbness of soft tissues is longer using
articaine than lidocaine.

Conclusions

1 Children displayed the same behaviour during
injection and reported the same feeling after treat-
ment when receiving articaine and lidocaine.

2 Both solutions presented the same efficacy.

3 The effect of numbness of soft tissues was longer
using articaine than lidocaine.

4 Few adverse events were reported following use

of either solution.
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