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Abstract
Purpose This randomized double-blind investigation was
conducted to compare the onset and duration of action of
soft tissue and pulpal anesthesia with three volumes of 4%
articaine with 1:100,000 epinephrine in maxillary infiltra-
tion anesthesia. The injection discomfort associated with
three volumes of infiltration anesthesia was also assessed.
Materials and methods A total of 10 subjects received
0.6 mL (group 1), 0.9 mL (group 2), and 1.2 mL (group 3)
of the anesthetic buccal to the upper canine. Test teeth were
assessed with electrical stimulation to determine onset and
duration of pulpal anesthesia. Soft tissue anesthesia was
assessed by pin-prick test, and injection discomfort was
assessed using a visual analogue scale. The statistical
analysis of the data recorded was carried out with one-way
ANOVA and post-hoc tests.
Results The 1.2-mL dose induced faster onset of pulpal
anesthesia, a higher success rate, and a longer duration of
soft tissue/pulpal anesthesia than was achieved with 0.6 mL
(P<0.005). No differences in injection discomfort were
observed between treatment groups. Group 3 where 1.2 mL
of local anesthetic was injected showed faster onset and
longer duration of action of articaine. Group 3 also had
longer soft tissue anesthesia as compared to groups 1 and 2.
Conclusion Maxillary infiltration anesthesia with articaine
and epinephrine has a faster onset, a greater success rate,
and a longer duration when a volume of 1.2 mL is used
than when volumes less than 1.0 mL are used. Palatal
tissues were anesthetized with the highest concentration
(1.2 mL) in our study (30% of cases).
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Introduction

There are numerous local anesthetic agents in use today.
Few of them have emerged to be more predictable and have
been used widely worldwide. It is important for the
clinician to understand the agent, its pharmacological
action, and its clinical efficacy. The important factors to
assess while using a local anesthetic agent are the onset,
depth, and duration of anesthesia in relation to the operative
procedure to be performed [1]. Local infiltration is one of
the locoregional anesthetic techniques most widely used in
oral surgery, extending comfort and safety for both the
patient and operator when used correctly. The choice of
anesthetic solution should be based on three main clinical
considerations: anesthetic potency, latency (time to onset
of anesthesia), and duration of the anesthetic effect [2].
Other important considerations are the pharmacokinetics
(absorption, distribution, metabolization, and excretion) and
toxicity of the drug.

Articaine hydrochloride, or 4-methyl-3-[1-oxo-2-(propy-
lamino)-propionamido]-2-thiophenecarboxylic acid methyl
ester hydrochloride, was synthesized by Rusching et al. in
1969 with the name of carticaine and was first marketed in
Germany in 1976. By 1983 the drug was available in
practically all of Europe and Canada, though it was not
approved in the United States of America until April 2000
[3]. The pharmacological characteristics of this anesthetic
are responsible for its main advantages with respect to other
local anesthetics, and include substitution of the aromatic
ring with a thiophenic ring that increases the liposolubility
of the drug as well as its potency (1.5 times greater than
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that of lidocaine). Moreover, articaine is the only amide
local anesthetic containing an ester group in its molecular
structure—thus allowing metabolization of the drug both by
plasma esterases and by liver microsomal enzymes [4].

The clinical advantages of articaine include the duration
of its anesthetic effect—only surpassed by ultra-long-
acting anesthetics such as bupivacaine, ethidocaine, and
ropivacaine—and its superior diffusion through bony
tissue [5, 6]. Lemay et al. [7] found the mean latency of
articaine to be 2.01 min. In comparison, Martínez et al. [8]
recorded 2.9 min, while other authors such as Berini and
Gay-Escoda [2] and Malamed [9] reported time to
anesthesia onset of 1–2 min. The duration of the anesthetic
effect varies according to the amount of vasoconstrictor
added to the commercial formulation.

Textbooks on local dental anesthesia [9, 10] suggest that
volumes ranging from 0.5 to 2.0 mL are needed to
achieve pulpal anesthesia after local infiltration. The
purpose of this study was to evaluate the onset and
duration of pulpal anesthesia in target and adjacent teeth,
as well as soft tissue anesthesia and injection discomfort,
after maxillary buccal infiltration of three volumes of 4%
articaine with 1:100,000 epinephrine.

Materials and methods

This randomized, double-blind, crossover investigation
with a sample size of 10 was carried out with written
informed consent obtained from each patient. The ethics
committee approval was obtained, and the drug used was
FDA approved. All the patients included for the study were
of Asian origin. Subjects with positive medical history,
intolerance, and adverse reaction to local anesthetics or
nonspecific drugs were not included in the study. The drug
was administered after a test dose. None of the volunteers were
taking any medication that would alter pain perception. All test
and control teeth were unrestored and caries free. Each
volunteer attended three visits that were scheduled at least
4 weeks apart. At each visit, volunteers received one of the
following volumes of 4% articaine with 1:100,000 epinephrine
(Septacaine with 1:100,000 epinephrine, Septodont 58,
rue du Pont de Creteil 94100 Saint-Maur-des-Fosses,
France) which was injected into the buccal sulcus in the
upper left canine region: group 1 (0.6 mL), group 2
(0.9 mL), or group 3 (1.2 mL). The three volumes of
articaine used for the study was adapted from the
volumetric studies of Brunetto et al. on lignocaine [1].
The volume injected at each visit was randomized, and by
the end of the trial, each volunteer had received each
treatment. The same operator performed all injections with
a carpule self-aspirating syringe (Septodont 58) fitted with
a short 30-gauge needle (Septodont 58). An aspirating

technique was followed, and the solution was deposited at
a rate of 1 mL/min as recommended.

At the beginning of each appointment and before the
injection, the maxillary left canine was tested six times with
an electronic pulp tester (Yunsheng Medical Instrument
Co., Ltd.). Baseline was recorded as the mean of these six
readings. According to the manufacturer's recommendation,
a small portion of fluoride gel was applied to the probe tip,
which was placed on the buccal side, midway between the
gingival margin and the occlusal edge of the tooth. Every
30 s after injection, the teeth were tested, until no response
to the maximum stimulus was obtained. After this period,
the teeth were tested every 5 min until values returned to
below maximum threshold.

The onset of soft tissue anesthesia was checked with pin-
prick test (using sterile 23-gauge needle with care taken not
to penetrate the submucosal tissues) every 5 s after the
infiltration until no response was recorded. The investigator
who performed the pin-prick test was blinded for the
respective treatment and did not know the volume or the
drug that was administered. The investigator was instructed
to carry out the pin-prick test in a standardized manner. The
duration of soft tissue anesthesia was calculated from the
onset of soft tissue anesthesia until there was positive
response to pin-prick test which was checked every 10 s
after complete return of pulp test readings to baseline. This
was justified assuming the duration of soft tissue would be
longer than duration of pulpal anesthesia.

The upper right canine was used as a control to ensure
that the pulp tester was operating properly, and that patients
were responding accurately during the study. All pulp
testing was performed by a trained operator, who was
blinded to the anesthetic volumes administered.

The parameters evaluated were as follows: Onset of
pulpal anesthesia was considered as the time from the end
of injection to the first of two consecutive readings with
maximum stimulus without response. Duration of pulpal
anesthesia was defined as the time from onset of pulpal
anesthesia to the time recorded before two positive
responses to the pulp tester were obtained. Onset of soft
tissue anesthesia was the time from the end of injection to
the beginning of numbness to pin prick in the canine buccal
gingiva. Duration of soft tissue anesthesia was the time
from the beginning to the end of numbness to pin prick in
the canine buccal gingiva. The palatal anesthesia assess-
ment was not the part of the objective assessment. The
objective assessment of the same was carried out only if the
subject reported subjective alteration (numbness) in the
palatal mucosa.

Anesthesia success was considered as a minimum of
10 min of pulpal anesthesia reading (one reading with
maximum stimulus) without response after establishment of
the onset of anesthesia. Noncontinuous anesthesia was
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defined as two consecutive readings with maximum
stimulus without response, a loss of response to the
maximum stimulus, and then another reading with maxi-
mum stimulus at the subsequent pulp testing. Anesthesia
was classified as short duration when the extent of pulpal
anesthesia was 10 min (only one reading with maximum
stimulus after establishment of the onset of anesthesia).
Injection discomfort was assessed by the volunteer imme-
diately after injection with a 100-mm visual analogue
scale (VAS) [1], with end points tagged “no pain” and
“maximum pain.”

Mean time of onset and duration of action of soft tissue
and pulpal anesthesia achieved in the maxillary canine was
calculated and compared. The statistical analysis of the data
recorded was carried out with analysis of variance (one-way
ANOVA) and post-hoc tests.

Results

All 10 recruited volunteers (5 women and 5 men) completed
the investigation. The mean age of volunteers was 27 years
(22–35 years).

Results for onset and duration soft tissue and pulpal
anesthesia (canine) and success rate of anesthesia were
recorded. The mean time for onset and duration of
anesthesia is summarized in Table 1 (Figs. 1 and 2).

There was 100% anesthetic success was observed in
maxillary canine (100% success with the highest dose in
group 3). Anesthetic success was higher for group 3 than
with other doses for the canine. No difference was observed
between groups 1 and 2.

Mean time of onset and duration of action of soft tissue
and pulpal anesthesia achieved in the maxillary canine had
a wide difference between volumes groups 1 and 3 (P less
than 0.005). Post-hoc test did not show statistical signifi-
cance in pulpal onset of local anesthesia (POL) between
groups 2 and 3 (P=0.3), although it was faster in group 3.
Onset of soft tissue anesthesia did not show statistical
significance (P=0.13), but remained faster in group 3.
Duration of soft tissue anesthesia was also not found
significant between groups 2 and 3 (P=0.2), although it
was longer with group 3.

The 1.2-mL infiltration dose (group 3) produced longer-
lasting pulpal and soft tissue anesthesia when compared
with the other volumes (Table 1). The mean time of onset

Table 1 Mean time of onset and duration of action of soft tissue and pulpal anesthesia achieved in the maxillary canine

Onset/duration Group 1—0.6 mL Group 2—0.9 mL Group 3—1.2 mL

SOL 59±8.7 s 36.5±7.8 s 29±8.7 s

SDL 93.75 min (5,625±1,156.5 s) 124.23 min (7,454±765.1 s) 136.88 min (8,213±1,190.1 s)

POL 2.4 min (144±23.6 s) 1.7 min (102±20.9 s) 1.5 min (90±14.1 s)

PDL 21 min (1,260±562.1 s) 41 min (2,460±464.7 s) 54 min (3,240±579.6 s)

POL pulpal onset of local anesthesia, PDL pulpal duration of local anesthesia, SOL soft tissue onset of local anesthesia, SDL soft tissue duration of
local anesthesia

Fig. 1 Time in seconds for
onset of pulpal anesthesia with
0.6, 0.9, and 1.2 mL (x-axis
showing subject number and
y-axis showing time in seconds)
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of soft tissue anesthesia was 29±8.7 s and duration of
anesthesia was 136.88 min (8,213±1,190.1 s). Mean time
for onset of pulpal anesthesia was 1.5 min (90±14.1 s) and
duration of anesthesia was 54 min (3,240±579.6 s).
Patients responded to the stimulation to highest value with
a pulp tester much earlier than the pin-prick test for the soft
tissue, indicating persistence of the soft tissue anesthesia for
a longer time. Palatal soft tissue was anesthetized in three
patients with 1.2 mL infiltration (group 3) of the local
anesthetic (30%).

Statistical analysis using one-way ANOVA and post-hoc
test showed high statistical significance in intergroup
comparison values for onset and duration of action of soft
tissue and pulpal anesthesia achieved in the maxillary
canine with 1.2 mL anesthetic (group 3) when compared to
group 1. No differences in injection discomfort were
observed between treatment groups (based on the VAS
scores, Table 2).

Discussion

Articaine hydrochloride is an amide local anesthetic, 4-methyl-
3[2-(propylamino) propionamido]-2-thiophenecarboxylic
acid, methyl ester hydrochloride. In April 2000, the US
Food and Drug Administration granted approval for the
sale of 4% articaine with 1:100,000 epinephrine in the
United States of America under the name of Septocaine
(Septodont) [11]. Articaine is used clinically as a 4%
solution with epinephrine 1:100,000 or 1:200,000. The

anesthetic activity of articaine/epinephrine combinations
has been demonstrated to be comparable to that of other
anesthetic combinations, including lidocaine/epinephrine,
mepivacaine/ levonordefrin, and prilocaine/epinephrine.
Ninety percent to 95% of articaine is metabolized in the
blood, whereas only 5–10% is broken down in the liver. The
primary metabolite, articaine acid, is inactive. Articaine and
its metabolites are eliminated via the kidneys. Approximately
5–10% of articaine is excreted unchanged [11].

Articaine is different from other local anesthetics as it
contains a thiophene ring instead of a benzene ring like
other amide local anesthetics which increases its lipid
solubility. Lipid solubility determines to what degree the
molecules penetrate nerve membranes. Therefore, articaine
diffuses better through soft tissues than do other anes-
thetics, thereby achieving higher intraneural concentration,
more extensive longitudinal spreading, and better conduc-
tion blockade [11]. A second molecular difference between
articaine and other amide local anesthetics is the extra ester
linkage incorporated into the articaine molecule, which
results in hydrolysis of articaine by plasma esterases [11].
These may be the reason for palatal soft tissue anesthesia in
three patients with 1.2 mL infiltration (group 3) of the local
anesthetic in the presented study, which needs further
studies for conformation.

Recent literature on studies with articaine highlights few
advantages of this anesthetic over others, which motivated
us to undertake the present work. Potocnik et al. [12] in an
in vitro study concluded that 2% and 4% articaine is more
effective than 2% and 4% lidocaine or 3% mepivacaine in
depressing the compound action potential of the A fibers in
the isolated rat sural nerve. In addition, the thiophene
derivative (articaine) blocks ionic channels at lower concen-
trations than the benzene derivative (lidocaine) although both
lidocaine and articaine have the same maximum milligram
dose of 500 mg (recommended dose, 6.6–7 mg/kg) for the
adult patient. Kanaa and Robertson et al. [12] found that 4%
articaine with 1:100,000 epinephrine was more effective than

Table 2 VAS scores for 10 patients included in the study

Patient no. 1 2 3 4 5 6 7 8 9 10

Volume 0.6 1 1 2 3 1 2 1 2 1 1

0.9 1 1 1 2 1 1 1 1 1 2

1.2 1 2 0 2 1 1 1 1 1 1

Fig. 2 Time in seconds for
duration of pulpal anesthesia
with 0.6, 0.9, and 1.2 mL (x-axis
showing subject number and
y-axis showing time in seconds)
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2% lidocaine with 1:100,000 epinephrine in producing
pulpal anesthesia in lower molars after buccal infiltration.
Infiltration anesthesia efficacy in the mandibular molar
region with 4% articaine and epinephrine (1:100,000) in
adults is approximately 65%. This increase in efficacy may
be the result of a concentration effect or greater diffusion of
articaine [12].

When local anesthetic efficacy is to be compared, it is
important that a reproducible outcome measure be obtained.
Operative dental procedures produce uncontrolled stimuli,
so a reliable alternative is required. In the present study,
electrical stimulation with a pulp tester in a non-carious
tooth was used. The use of electrical stimulation is
considered a safe and precise method of evaluating pulpal
anesthesia in vital asymptomatic teeth [13, 14]. The
absence of perception to the maximum output of the pulp
tester has been widely used as a criterion for pulpal
anesthesia [15].

Stanley F. Malamed (2001) in their study on this amide
local anesthetic stated that onset of anesthesia with articaine
4% with epinephrine 1:200,000 is 1.5–1.8 min for
maxillary infiltration and 1.4–3.6 min for inferior alveolar
nerve block. The duration of soft tissue anesthesia is 2.25 h
for maxillary infiltration and approximately 4 h for nerve
block [11]. The onset of pulpal anesthesia with 1.2 mL
solution was 1.5 min in canine which was consistent with
the reported 1.5–1.8 min in previous studies (Fig. 1). Mean
value of the duration of pulpal anesthesia was 54 min with
1.2 mL solution in the canine in the present study (Fig. 2).
The time of onset of soft tissue anesthesia was shorter than
time of pulp (29 s vs 1.5 min), and duration for soft tissue
anesthesia was longer than the pulpal anesthesia in the
present study (136.88 vs 54 min). The pulpal anesthesia
was checked for maximal stimulation and not for return to
baseline readings.

It has been shown in various studies that articaine is a
well tolerated, safe, and effective local anesthetic for use in
clinical dentistry [11]. The possible conclusions that may be
drawn include:

1. Group 3 where 1.2 mL of local anesthetic was injected
showed faster onset and longer duration of action of
articaine.

2. Group 3 also had longer soft tissue anesthesia as
compared to groups 1 and 2. Palatal tissues were
anesthetized with the highest concentration (1.2 mL) in
our study (30% of cases).
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