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Abstract

Introduction: To assess the efficacy of buccal infiltra-
tions of 4% articaine with 1:100,000 epinephrine and
2% lidocaine with 1:80,000 epinephrine in achieving
anesthesia in maxillary teeth with irreversible pulpitis.
Methods: This randomized double-blind clinical trial
included 100 patients diagnosed with irreversible pulpi-
tis in maxillary teeth. Patients received 2.0 mL 4% arti-
caine with 1:100,000 epinephrine or 2% lidocaine with
1:80,000 epinephrine in the buccal sulcus adjacent to
the tooth with pulpitis. Before and every 2 minutes up
to a maximum of 10 minutes after injection, the
response of the test tooth was assessed using an elec-
tronic pulp tester. Successful pulp anesthesia was
considered to have occurred when no response was ob-
tained to the maximum stimulation (80 reading) of the
pulp tester during the test period, at which time treat-
ment commenced. Treatment was regarded as being
successfully completed when it was associated with
no pain. The time to onset of successful pulp anesthesia
was recorded for each test tooth. Injection discomfort
was recorded on standard 100-mm visual analog scales
(VASs). Data were analyzed by the Chi-square and
Student t tests. Results: Fifty patients received articaine
and 50 received lidocaine. Seventy-three of the 100
patients achieved pulpal anesthesia within 10 minutes
of injection: 38 after articaine and 35 after lidocaine
(P = .5). The onset of pulpal anesthesia after articaine
and lidocaine buccal infiltrations was similar (mean
and standard deviations: 4.9 � 2.7 minutes vs 5.1 �
2.4 minutes, respectively; t = 0.2; P = .82). Pain-free
treatment was completed in 33 patients after articaine
and 29 after lidocaine buccal infiltrations (P = .63).
Although articaine buccal injection was significantly
more comfortable than lidocaine buccal injection (t =
2.3, P = .026), both were associated with mild discom-
fort on VAS (means � standard deviation: 10.8 mm �
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11.7 mm vs 17.5 mm� 17.6 mm, respectively). Conclusions: There was no significant
difference in efficacy between 4% articaine with 1:100,000 epinephrine and 2% lido-
caine with 1:80,000 epinephrine in achieving anesthesia in maxillary teeth with irrevers-
ible pulpitis after buccal infiltration. (J Endod 2012;38:279–282)
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Recent research has shown that 4% articaine is more effective than 2% lidocaine
in obtaining anesthesia of first molar and central incisor teeth after infiltration in

the mandible (1–4). It has also been suggested that 4% articaine may be more
successful than 2% lidocaine in achieving anesthesia in some maxillary teeth (5).
Articaine has been shown to provide better pulp anesthesia than lidocaine for maxil-
lary lateral incisors after buccal infiltration although no significant differences were
noted for maxillary first molars in volunteers (5). In one study that investigated
patients attending with irreversible pulpitis in maxillary teeth, infiltration with 2%
lidocaine and epinephrine (1:100,000) was not 100% successful (6), and supple-
mentary techniques were necessary. Another study showed that infiltration of 4%
articaine with epinephrine (1:100,000) was more successful than 2% lidocaine
with epinephrine (1:100,000) in obtaining anesthesia in maxillary teeth for patients
attending with irreversible pulpitis (7).

The null hypothesis of the present study was that there is no difference in the effec-
tiveness of buccal infiltrations of 2% lidocaine or 4% articaine solutions containing
epinephrine in obtaining pulpal anesthesia in maxillary permanent teeth with irrevers-
ible pulpitis. The aimwas to compare the anesthetic efficacy of buccal infiltrations of 4%
articaine with epinephrine (1:100,000) and 2% lidocaine with epinephrine (1:80,000)
in achieving anesthesia in maxillary permanent teeth with irreversible pulpitis. The
primary outcome measure was a negative response to electronic pulp testing.

Materials and Methods
Institutional and ethical approvals were obtained, and patients over 16 years of age

who presented at a dental emergency clinic with irreversible pulpitis in one tooth and an
asymptomatic vital tooth on the opposite side of the arch (which acted as an internal
control of pulp tester function) were invited to participate in this double-blind random-
ized trial. The diagnosis of irreversible pulpitis was determined by individuals with no
involvement in the clinical trial to eliminate bias in recruitment. A comprehensive
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TABLE 1. The Number (%) of Different Tooth Types Anesthetized with
Articaine and Lidocaine

Tooth
type with
irreversible
pulpitis

Anteriors Premolars Molars

n % n % n %

Articaine 4 8.0 13 26.0 33 66.0
Lidocaine 1 2.0 17 34.0 32 64.0
P value .31

TABLE 2. Successful Pulpal Anesthesia within 10 Minutes of Local Anesthetic
Infiltration

Successful
pulpal

anesthesia

Local anesthetic infiltration

P value

Articaine Lidocaine

n % n %

Success 38 76.0 35 70.0 .50
Failure 12 24.0 15 30.0

CONSORT Randomized Clinical Trial

medical history was taken from each subject, and those patients whose
medical history contraindicated the use of epinephrine-containing local
anesthetics (eg, unstable angina) or compromised data collection (eg,
facial paresthesia) were excluded. Patients with self-reported allergies
or sensitivities to lidocaine, articaine, or other ingredients in the anes-
thetic solutions were also excluded.

Using data from a previous study (2), a power calculation dictated
that 50 subjects in each treatment group would provide a 90% chance of
detecting a 25% difference in success rates, assuming a significance
level of 5%. Two local anesthetic drugs were used: 2% lidocaine hydro-
chloride and epinephrine 1:80,000 (Lignospan Special; Septodont,
Kent, England) and 4% articaine with 1:100,000 epinephrine (Septan-
est, Septodont). These 2 formulations were chosen because they are
standard local anesthetic solutions used in the United Kingdom, and
the trial was intended to mimic clinical practice in that country.
Randomization of drug allocation was determined by a web-based
program. Blinding of drugs was achieved by drawing local anesthetic
solutions from their 2.2-mL cartridges into coded 2.5-mL sterile stan-
dard syringes fitted with 27-G 20-mm needles (Terumo Syringe, Tokyo,
Japan). Randomization codes were held by researchers (JGM and JMW)
who were responsible for syringe preparation but had no involvement in
drug administration or in assessing outcomes.

All patients received the local anesthetic infiltration at the muco-
buccal fold adjacent to the pulpitic maxillary tooth. Two milliters of
drug was deposited slowly over the course of 60 seconds after aspira-
tion. This volume was chosen because it approximates the volume of
a standard dental local anesthetic cartridge used in the United
Kingdom. All local anesthetic injections were administered by the
same researcher (MDK), who also assessed outcomes and performed
all clinical procedures.

The discomfort associated with each injection was recorded on
standard 100-mm visual analog scales (VAS), tagged at the endpoints
with ‘‘no pain’’ (0 mm) and ‘‘unbearable pain’’ (100 mm). Baseline
pulp sensitivities of the irreversibly pulpitic teeth were recorded before
anesthesia with an electronic pulp tester (Analytic Technology, Red-
mond, WA). In order to test the validity of the reading, a control,
unanesthetized tooth on the other side of the upper jaw was subjected
to pulp sensitivity testing once before injection. In all cases, the pulp
tester was placed on the buccal surface of the tooth. After an initial
buccal infiltration, testing was repeated on the tooth with irreversible
pulpitis at 2-minute intervals for 10 minutes or until the stimulation
reached the maximum (80 reading) without sensation. Only if there
was no response at maximum stimulation (successful pulp anesthesia)
did treatment commence. Patients who did not secure successful
pulpal anesthesia within 10 minutes were withdrawn from the trial,
categorized as failure of pulp anesthesia, and managed according to
the local best clinical practice, with further supplementary injections
as needed.

In the patients with successful pulp anesthesia, the treatment
provided was either pulp extirpation or tooth extraction. This was an
informed choice made by the patient in consultation with the treating
clinician. Patients for extraction always received a supplementary
palatal injection of 0.2mL 2% lidocaine with 1:80,000 epinephrine after
successful pulp anesthesia had been confirmed. Lidocaine was always
chosen to limit the number of variables that could affect the primary
outcome measure. No supplementary palatal anesthesia was adminis-
tered to those receiving pulpal extirpation. Up to 5 minutes was allowed
to elapse for anesthesia of the palatal soft tissue to be confirmed by
sharp probing, and only then did extraction commence. Pain-free treat-
ment was based on the ability to complete treatment (extraction or pulp
extirpation) without any sensation. Patients who experienced any pain
during treatment were again withdrawn from the study, categorized as
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failure of pain-free treatment, and managed according to the best local
practice, with further supplementary injections as needed.

All analyses were undertaken with SPSS software (SPSS 17.0; SPSS
Inc, Chicago, IL). All VAS pain scores were transcribed into numeric
millimeter values with a standard ruler used throughout the study.
Chi-square and Student t tests were performed.

Results
One hundred patients were recruited (66 male and 34 female).

Their ages ranged between 16 and 62 years (mean � standard devia-
tion [SD]: 33.4 � 10.6 years). No significant differences were noted
between males and females regarding age (means � SD: 34.5 �
10.5, 31.2 � 10.6, respectively; t = 1.48, P = .14). Fifty patients
received 2% lidocaine and epinephrine 1:80,000, and 50 received
4% articaine and epinephrine 1:100,000.

Table 1 shows that there was no significant difference between the
categories of teeth that were anesthetized with articaine and lidocaine
(Pearson chi-square = 2.35, P = .31). There was no significant differ-
ence between anesthetic solutions in the incidence of successful pulpal
anesthesia as determined by the electronic pulp tester (Table 2).

In patients with successful pulp anesthesia, there was no signifi-
cant difference in the categories of teeth that received articaine or lido-
caine infiltrations (Table 3). The data in Table 4 show that there was no
significant difference in the mean onset time of successful pulpal anes-
thesia between those who received articaine (mean = 4.9minutes, SD=
2.7 minutes) and lidocaine (mean = 5.1 minutes, SD= 2.4 minutes; t=
0.23, P = .82) infiltrations.

Of the 73 patients who recorded successful pulp anesthesia after
infiltration anesthesia, 62 (84.9%) experienced pain-free treatment,
and the remaining 11 (15.1%) experienced pain as the treatment
started. Table 5 shows no significant difference in the incidence of
pain-free treatment after articaine and lidocaine infiltrations (Pearson
chi-square = 0.23, P = .63). The data in Table 6 show that successful
anesthesia was easier to achieve for extraction compared with pulp
extirpation, no matter which anesthetic solution was used (Pearson
chi-square, P = .046).

The percentages of pain-free treatment were similar in anterior,
premolar, and molar teeth (Pearson chi-square = 1.28, P = .53) in
the 73 patients (Table 7). There was no significant difference in the
mean onset of successful pulp anesthesia between the 62 patients
JOE — Volume 38, Number 3, March 2012



TABLE 3. The Number (%) of Patients with Successful Pulp Anesthesia (no
response to maximum pulp stimulation of 80) in Different Categories of Teeth
after Articaine and Lidocaine Buccal Infiltrations

Tooth
type with
irreversible
pulpitis

Anteriors Premolars Molars

n % n % n %

Articaine 4 80.0 12 50.0 22 50.0
Lidocaine 1 20.0 12 50.0 22 50.0
P value .49

TABLE 5. Pain-free Treatment Outcomes after Articaine and Lidocaine
Infiltrations in 73 Patients with Successful Pulpal Anesthesia

Treatment
outcomes and
local anesthetic

solution

Successful
pain-free
treatment Failure

P valuen % n %

Articaine 33 86.8 5 13.2 .63
Lidocaine 29 82.9 6 17.1

TABLE 6. Pain-free Treatment Outcomes after Initial Buccal Infiltrations

CONSORT Randomized Clinical Trial
who completed pain-free treatment (mean = 4.9 minutes, SD = 2.6
minutes) and the 11 patients who felt pain (mean = 5.5 minutes, SD
= 2.4 minutes) after infiltration anesthesia (independent samples
test, t = 0.66, P = .52). VAS scores for the injection of articaine ranged
from 0 to 53mmwith a mean of 10.8 (SD = 11.7), and for lidocaine the
range was 0 to 71 with a mean of 17.5 (SD = 17.6). Articaine buccal
infiltrations were more comfortable than lidocaine buccal infiltrations
(t = 2.3, P = .026).

Discussion
Several investigations have shown that 4% articaine is effective in

obtaining anesthesia in maxillary and mandibular teeth (3, 5, 8, 9). A
number of studies have compared the efficacies of 4% articaine with
epinephrine and 2% lidocaine with epinephrine, but the outcomes
were not consistent (2, 3, 4, 7, 8). In the mandible, 4% articaine has
been shown to be more effective than 2% lidocaine in obtaining
pulpal anesthesia in the molar and incisor region after buccal
infiltration (2–4). On the contrary, no difference in efficacy between
these 2 anesthetics has been noted after inferior alveolar nerve block
(10–13). In the maxilla, comparative studies of these 2 solutions
have shown inconsistent results following buccal infiltration in
volunteer studies. One volunteer trial (14) showed no difference in
the efficacy of the 2 solutions in obtaining anesthesia of maxillary teeth.
Another volunteer investigation reported that 4% articaine with
epinephrine was more effective than 2% lidocaine with epinephrine
in obtaining anesthesia of maxillary lateral incisors, but no difference
was found for maxillary molar teeth (5). Srinivasan et al (7) reported
that 4% articaine with epinephrine (1:100,000) was more effective than
2% lidocaine with epinephrine (1:100,000) in obtaining anesthesia in
40 maxillary premolar and first molar teeth with irreversible pulpitis.
Because the results in the maxilla are equivocal, the data from the
present study can be used to support some reports, but they differ
from others. Importantly, our results differ from those of the study
that investigated the efficacies of these 2 solutions in maxillary teeth
with irreversible pulpitis (7). In that study, mild or no pain was reported
during treatment in 100% of first molars after articaine buccal infiltra-
tion compared with 30% after lidocaine buccal infiltration. The corre-
sponding proportion in premolars was 100% after articaine and 80%
after lidocaine (7). The results of the present study differ from those
of Srinivasan et al (7) because no significant difference in treatment
success was noted between articaine (66%) and lidocaine infiltration
TABLE 4. The Mean Onset Times (in minutes) of Successful Pulpal Anesthesia
after Articaine and Lidocaine Infiltrations

Local
anesthetic Mean n SD Median Minimum Maximum

Articaine 4.9 38 2.7 4.0 2.0 10.0
Lidocaine 5.1 35 2.4 4.0 2.0 10.0
Total 5.0 73 2.5 4.0 2.0 10.0
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(58%). In the present study, there were no differences in terms of
successful pulp anesthesia and pain-free treatment in any category of
tooth. The difference between the results of the present and the study
by Srinivasan et al (7) reflects differences in the sample size, tooth
distribution, local anesthetic dose (1.7 mL in Srinivasan et al’s study
[7]), epinephrine concentration, or definition of success. In the
current study, the epinephrine concentration used with 2% lidocaine
was 1:80,000 unlike that reported by Srinivasan et al’s (7) whose 2%
lidocaine solution contained 1:100,000 epinephrine. This increased
epinephrine concentration could affect efficacy although the results
of a recent research study do not necessarily support this (15). The
2% lidocaine with 1:80,000 epinephrine formulation was used in the
present study because it is the standard solution used in the United
Kingdom, where a 2% lidocaine solution with 1:100,000 epinephrine
is not available.

The definition of treatment success in the present study was more
stringent than in some others that have included mild pain within their
definitions of success (7, 10). Overall, treatment was completed in 62 of
the 73 (84.9%) patients with successful pulp anesthesia. This translates
into 62 of the 100 patients (62%) initially recruited. In a similar study
performed in teeth with maxillary irreversible pulpitis by Nusstein et al
(6), 25 teeth were anesthetized with 2% lidocaine and 1:100,000
epinephrine, and only 2 patients (8%) recorded failed pulp anesthesia.
Of the 23 teeth with successful pulp anesthesia, 17 (73.9%) went on to
receive successful treatment without the need for additional supplemen-
tary injections. If the success is calculated based on the whole number
of patients (25 patients), successful treatment was completed in 68% of
patients after the initial buccal infiltration, which is similar to the present
results.

A factor governing the efficacy of local anesthesia is the treatment
that the tooth receives. It has been reported that it is more difficult to
provide pain-free pulp extirpation than tooth extraction (16, 17).
The present results confirm that finding because more of the
extirpation group experienced pain during treatment. A factor to
consider is that all patients opting for tooth extraction received an
additional palatal infiltration of lidocaine. Supplementary techniques
with the administration of different local anesthetic solutions or
medications may increase efficacy for patients attending with
irreversible pulpitis (18). The impact of such a supplementary injection
on the success of pulp extirpation cannot be assessed because it was not
Independent of the Anesthetic Solution

Treatment
outcomes

Successful
pain-free
treatment Failure Total

n % n % n

Extirpation 37 78.7 10 21.3 47
Extraction 25 96.2 1 3.8 26
Total 62 84.9 11 15.1 73
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TABLE 7. Treatment Outcomes in Relation to Tooth Type after Articaine and
Lidocaine Infiltrations in 73 Patients with Successful Pulpal Anesthesia after
Infiltration Anesthesia

Treatment
outcomes and
tooth type

Pain-free
treatment Failure

P valuen % n %

Anteriors 4 80.0 1 20.0 .53
Premolars 22 91.7 2 8.3
Molars 36 81.8 8 18.2

CONSORT Randomized Clinical Trial
performed for such patients in the present investigation. The fact that
there was no variation between different tooth groups in relation to
successful anesthesia suggests that differential palatal supply was not
a factor.

No significant difference in the mean onset time of successful pulp
anesthesia was noted between articaine (4.9 minutes) and lidocaine
(5.1 minutes) infiltration anesthesia. This is in agreement with
a double-blind study (19) that investigated the onset and duration of
maxillary lateral incisor pulp anesthesia in adult volunteers after the
infiltration of 4% articaine (1:200,000 epinephrine) and 2% lidocaine
(1:80,000 epinephrine). Another study that considered onset times
included 20 patients undergoing simple dental treatments in maxillary
posterior teeth (8). The mean onset times of pulp anesthesia were 1.4
minutes after 4% articaine with epinephrine (1:100,000), 1.6 minutes
after 4% articaine with epinephrine (1:200,000), and 2.8 minutes after
2% lidocaine with epinephrine (1:100,000). The slower mean onset of
successful pulp anesthesia reported in the present study may be the
result of the severity of the pulpitic condition, differences in sample
size, or populations participating in each study.

Lidocaine buccal infiltration was significantly more uncomfortable
than articaine buccal infiltration. The difference might be the result of
different epinephrine concentrations, but it is impossible to make defi-
nite conclusions from the data presented. The mean scores for both
were <20 mm and represent mild discomfort (20).

Conclusions
Buccal infiltrations with 4% articaine with 1:100,000 epinephrine

and 2% lidocaine with 1:80,000 epinephrine produced similar levels of
successful pulp anesthesia, similar onset times of successful pulp anes-
thesia, and similar levels of pain-free treatment in patients attending
with irreversible pulpitis in the maxilla. Pain-free treatment was
completed more often in the tooth extraction group than in the pulp
extirpation group; 2% lidocaine with 1:80,000 epinephrine was more
uncomfortable than 4% articaine with 1:100,000 epinephrine when
given as a maxillary buccal infiltration.
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