
CONSORT Randomized Clinical Trial
Anesthetic Efficacy of 1.8 mL versus 3.6 mL of 4% Articaine
with 1:100,000 Epinephrine as a Primary Buccal Infiltration
of the Mandibular First Molar
Matthew Martin, MS, DDS,* John Nusstein, MS, DDS,† Melissa Drum, MS, DDS,†

Al Reader, MS, DDS,† and Mike Beck, MA, DDS‡
Abstract

Introduction: No study has compared 1.8 mL and 3.6
mL 4% articaine with 1:100,000 epinephrine in
a mandibular buccal infiltration of the first molar. The
authors conducted a prospective, randomized, single-
blind, crossover study comparing the degree of pulpal
anesthesia obtained with 1.8 mL and 3.6 mL 4%
articaine with 1:100,000 epinephrine as a primary infil-
tration in the mandibular first molar. Methods: Eighty-
six asymptomatic adult subjects randomly received
a primary mandibular buccal first molar infiltration of
1.8 mL or 3.6 mL 4% articaine with 1:100,000 epineph-
rine in two separate appointments. The authors used an
electric pulp tester to test the first molar for anesthesia
in 3-minute cycles for 90 minutes after the injections.
Results: Compared with the 1.8-mL volume of 4% arti-
caine with 1:100,000 epinephrine, the 3.6-mL volume
showed a statistically higher success rate (70% vs
50%). Conclusions: The anesthetic efficacy of 3.6 mL
4% articaine with 1:100,000 epinephrine is better
than 1.8 mL of the same anesthetic solution in a primary
mandibular buccal infiltration of the first molar.
However, the success rate of 70% is not high enough
to support its use as a primary injection technique in
the mandibular first molar. (J Endod 2011;37:588–592)
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A number of studies have shown the superiority of 4% articaine with 1:100,000
epinephrine to 2% lidocaine with 1:100,000 epinephrine when used as a primary

buccal infiltration of the mandibular first molar using volumes ranging from 0.9 to 1.8
mL (1–5). Success rates (no subject response to two consecutive 80 readings with the
electric pulp tester) have ranged from 54% to 87% with an average rate of 67%.
Therefore, the initial infiltration success rates would not be predictable in providing
profound pulpal anesthesia. Perhaps, increasing the initial volume of articaine would
increase the success rate.

No objective study has addressed the success rate of a 3.6-mL volume of articaine
in a mandibular primary buccal infiltration of the first molar. Therefore, the purpose of
this prospective, randomized, single-blind, crossover study was to compare the degree
of pulpal anesthesia obtained with 1.8 mL and 3.6 mL 4% articaine with 1:100,000
epinephrine as a primary infiltration in the mandibular first molar. We also recorded
the pain of injection and postoperative pain.

Materials and Methods
Eighty-six adult subjects participated in this study. All subjects were in good health

and were not taking any medication that would alter pain perception as determined by
a written health history and oral questioning. Exclusion criteria were as follows:
younger than 18 or older than 65 years of age, allergies to local anesthetics or sulfites,
pregnancy, history of significant medical conditions (American Society of Anesthesi-
ology class II or higher), taking any medications (eg, over-the-counter pain-relieving
medications, narcotics, sedatives, and antianxiety or antidepressant medications)
that may affect anesthetic assessment, active sites of pathosis in area of injection, and
inability to give informed consent. The Ohio State University Human Subjects Review
Committee approved the study, and written informed consent was obtained from
each subject.

Using a crossover design, 86 subjects received two injections consisting of
a primary mandibular first molar infiltration of 1.8 mL 4% articaine with 1:100,000
epinephrine (Septocaine; Septodont, New Castle, DE) and 3.6 mL 4% articaine with
1:100,000 epinephrine in two separate appointments spaced at least 1 week apart.

With the crossover design, 172 infiltrations were administered for the first molar,
and each subject served as his/her own control. Eighty-six infiltrations were adminis-
tered on the left side, and 86 infiltrations were administered on the right side. The
same side chosen for the first infiltration was used again for the second infiltration.
The test tooth chosen for the experiment was the mandibular first molar. The mandib-
ular, contralateral canine was used as the control to ensure that the pulp tester was
operating properly and that the subject was responding appropriately. A visual and clin-
ical examination was conducted to ensure that all teeth were free of caries, large resto-
rations, crowns, and periodontal disease and that none had a history of trauma or
sensitivity.

Before the injection at both appointments, the experimental tooth and the contra-
lateral canine (control) were tested two times with the electric pulp tester (Kerr;
Analytic Technology Corp, Redmond, WA) to ensure tooth vitality and obtain baseline
information. The teeth were isolated with cotton rolls and dried with an air syringe.
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Toothpaste was applied to the probe tip, which was placed in the middle
third of the buccal surface of the tooth being tested. The value at the
initial sensation was recorded. The current rate was set at 25 seconds
to increase from no output (0) to the maximum output (80). Trained
personnel, who were blinded to the anesthetic formulations, adminis-
tered all preinjection and postinjection tests.

Before the experiment, the two anesthetic volumes were randomly
assigned six-digit numbers from a random number table. Each subject
was randomly assigned to each of the two anesthetic volumes to deter-
mine which volume was to be administered at each appointment. Only
the random numbers were recorded on the data-collection sheets to
further blind the experiment.

Under sterile conditions, 4% articaine with 1:100,000 epinephrine
was drawn from standard anesthetic cartridges into sterile 5-mL Luer-
Lok syringes (Becton, Dickinson and Co, Rutherford, NJ) to make up
a volume of 1.8 mL or 3.6 mL. The syringes were labeled with opaque
labels, and the corresponding six-digit codes were written on each
label. All anesthetic solutions were checked to ensure that the anesthetic
solution had not expired. The infiltration injections were administered
using the labeled syringes equipped with a 27-G 1¼-inch needle
(Monoject, St Louis, MO).

Before the infiltration injection, each subject was instructed on
how to rate the pain for the following phases of the injection: needle
insertion, needle placement, and deposition of anesthetic solution using
a Heft-Parker visual analog scale (VAS). The VAS was divided into four
categories. No pain corresponded to 0 mm. Mild pain was defined as
greater than 0 mm and less than or equal to 54 mm. Mild pain included
the descriptors of faint, weak, andmild pain. Moderate pain was defined
as greater than 54 mm and less than 114 mm. Severe pain was defined
as equal to or greater than 114 mm. Severe pain included the descrip-
tors of strong, intense, andmaximumpossible. During each phase of the
injection, the principal investigator informed the subject when each
phase of the injection was complete. Immediately after the infiltration,
the subject rated the pain for each injection phase on the VAS.

Before each injection, the mucosa was dried, and topical anes-
thetic gel (20% Benzocaine; Patterson Dental Supply, Inc, St Paul,
MN) was passively placed with a cotton tip applicator for 60 seconds
at the injection site. Amandibular infiltration injection was administered
using 1.8 mL or 3.6 mL 4% articaine with 1:100,000 epinephrine. The
target site was centered over the buccal root apices of the mandibular
first molar. The 27-G needle was gently placed into the alveolar mucosa
(needle-insertion phase) and advanced within 2 to 3 seconds until the
needle was estimated to be at or just superior to the apices of the tooth
(needle-placement phase). The anesthetic solution was deposited over
a period of 2 minutes at a rate of 1.8 mL/min for the 3.6-mL volume
(solution-deposition phase). The 1.8-mL volume was deposited over
the first minute, and the syringe was held in place for 1 additional
minute to help blind the subject to the volume injected. All subjects
were blindfolded during both infiltrations. All infiltrations were given
by the senior author (M.M.).
TABLE 1. Anesthetic Success and Time of Onset of Pulpal Anesthesia for 1.8 mL a

1.8 mL articaine

Anesthetic success*
50% (43/86)

Time of onset of pulpal
anesthesia† (min)

5.4 � 4.2

n = 86 for anesthetic success. n = 45 for onset of pulpal anesthesia.

*There was a significant difference (P < .05) between the two anesthetic volumes.
†There was no significant difference (P > .05) between the two anesthetic volumes.
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The depth of anesthesia was monitored with the electric pulp
tester. At 1 minute after the initial infiltration injection, pulp test read-
ings were obtained for the mandibular first molar. At 3 minutes, the
contralateral mandibular canine was tested. The testing continued in
3-minute cycles for a total of 90minutes. At every third cycle, the control
tooth, the contralateral canine, was tested by an inactivated electric pulp
tester to test the reliability of the subject. If the subject responded posi-
tively to an inactivated pulp tester, then they were not reliable and could
not be used in the study.

All subjects were asked to complete postinjection surveys after
each appointment using the same VAS previously described immediately
after the numbness wore off and again each morning upon rising for the
next 3 days. Patients were also instructed to describe and record any
problems that they experienced.

No response from the subject at themaximumoutput (80 reading)
of the pulp tester was used as the criterion for pulpal anesthesia. Anes-
thesia was considered successful when two consecutive 80 readings
with the pulp tester were obtained within 10 minutes of the initial injec-
tion. Assuming a nominal success rate of 67% (6), a nondirectional
alpha risk of 0.05 and a power of 85%, a sample size of 86 subjects
was required to show a difference in anesthetic success of � 17
percentage points. The time for onset of pulpal anesthesia was recorded
as the first of two consecutive 80 readings.

Group comparisons between the anesthetic formulations for anes-
thetic success were made using the McNemar test. Multiple McNemar
tests adjusted using the step-down method of Holm were used to assess
differences in the incidence of pulpal anesthesia. Between-group
comparisons for onset time were made with the Wilcoxon matched-
pairs signed-ranks tests. Between-group comparisons for needle-
insertion pain, needle-placement pain, solution-deposition pain, and
postoperative pain were made using multiple Wilcoxon matched-
pairs signed ranks tests adjusted using the step-down method of
Holm. Comparisons were considered significant at P < .05 (supple-
mental CONSORT flow chart is available at www.jendodon.com).
Results
Eighty-six adult subjects, 43 men and 43 women ranging in age

from 20 to 45 years, with an average age of 26 years, participated in
this study. Table 1 shows the percentages of successful pulpal anes-
thesia. For the 1.8-mL volume, anesthetic success was 50%, and for
the 3.6-mL volume it was 70%. There was a significant difference
between the two volumes. The mean time of onset of pulpal anesthesia
for two anesthetic volumes was 4.4 to 5.4 minutes (Table 1). There was
no significant difference between the two formulations.

The incidence of pulpal anesthesia (80 readings across time) for
the 1.8-mL and 3.6-mL volumes of 4% articaine with 1:100,000
epinephrine are presented in Figure 1. Significant differences were
found from minute 7 through minute 49.
nd 3.6 mL 4% Articaine with 1:100,000 Epinephrine

3.6 mL articaine P value

70% (60/86) .0001

4.4 � 3.4 .6318
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Figure 1. The incidence of mandibular first molar pulpal anesthesia as deter-
mined by the lack of response to electrical pulp testing at the maximum setting
(percentage of 80 readings) at each postinjection time interval for 1.8 mL and
3.6 mL 4% articaine with 1:100,000 epinephrine. Significant differences
between the anesthetic volumes occurred between 7 minutes and 49 minutes.
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The pain of injection is presented in Table 2. All mean pain ratings
were in the mild category. Postoperative pain ratings are presented in
Table 3. All mean pain ratings were in the mild category. Although there
were no significant differences in the pain of injection, there were signif-
icant differences between the two anesthetic volumes for postoperative
pain at each postoperative day. Postinjection complications reported
were initial tenderness (6%–13%) and slight subjective swelling
(4%–9%) in the area of the injection.
Discussion
The 3.6-mL volume of 4% articaine with 1:100,000 epinephrine

produced a significantly higher success rate than the 1.8-mL volume
(Table 1 and Fig. 1). However, the success rate was only 70% for the
3.6-mL volume. Although the 3.6-mL volume was significantly higher
than the 1.8-mL volume in this study, the success rate was similar to
other studies with a 1.8-mL volume eliminating a strict volume-
dependent response. The exact mechanism of action of articaine’s effi-
cacy is not known, and speculations have been previously discussed
(2). Regardless of the mechanism, there was not enough of the articaine
available even with a 3.6-mL volume to completely block the nerves to
the first molar. Therefore, a 3.6-mL volume will not provide predictable
pulpal anesthesia with a primary buccal infiltration of the first molar.
Because we studied a young adult population, the results of this study
may not apply to children or the elderly.
TABLE 2. Pain Ratings for Each Injection Phase for 1.8 mL and 3.6 mL 4% Artica

Injection phase None Mild

Needle insertion (%)*
1.8 mL of articaine 16 (14/86) 76 (65/86)
3.6 mL of articaine 19 (16/86) 78 (67/86)

Needle placement (%)*
1.8 mL articaine 5 (4/86) 84 (72/86)
3.6 mL articaine 6 (5/86) 74 (64/86)

Solution deposition (%)*
1.8 mL articaine 12 (10/86) 71 (61/86)
3.6 mL articaine 14 (12/86) 69 (59/86)

n = 86.

*There were no significant differences (P > .05) between the two anesthetic volumes.
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The success of the infiltration of 1.8-mL volume of 4% articaine
with 1:100,000 epinephrine was 50% for the first molar (Table 1).
Various authors (1–7) have evaluated the success of mandibular first
molar infiltrations using asymptomatic subjects, a cartridge of 4%
articaine with 1:100,000 epinephrine, and an electric pulp tester to
evaluate pulpal anesthesia. Kanaa et al (1), Robertson et al (2), Jung
et al (3), Corbett et al (4), Pabst et al (6), and McEntire et al (7)
used a similar methodology to the current study and showed 64%,
87%, 54%, 64% to 70%, 64% to 69%, and 67% success rates, respec-
tively, for the buccal infiltration of the mandibular first molar. Our
success rate of 50% was similar to the study by Jung et al (3) but lower
than the other studies. Differences in populations may account for the
differences among studies. Therefore, we confirmed the results of
previous studies that the infiltration of a 1.8-mL volume would not be
predictable in providing profound pulpal anesthesia of the first molar.

One solution to the lower success rate of the initial infiltration with
articaine would be to combine the infiltration with an inferior alveolar
nerve block. Haase et al (8) added an infiltration of either articaine or
lidocaine in the mandibular first molar after an inferior alveolar nerve
block in asymptomatic subjects. They found statistically higher success
rates (two consecutive 80 readings were obtained within 10 minutes
after the inferior alveolar nerve block plus infiltration injections, and
the 80 reading was continuously sustained through the 60th minute)
of 88% with the 4% articaine with 1:100,000 epinephrine compared
with 71% for 2% lidocaine with 1:100,000 epinephrine. Kanaa et al
(9) also found that the inferior alveolar nerve block supplemented
with a buccal articaine infiltration was more successful (92% success
rate, two consecutive 80 readings) than an inferior alveolar nerve block
alone (56% success rate).

The time of onset of pulpal anesthesia averaged 4.4 to 5.4 minutes
for the initial infiltrations with no significant difference between the
formulations (Table 1). Robertson et al (2), Jung et al (3), Corbett et
al (4), Pabst et al (6), and McEntire et al (7) using one cartridge of
4% articaine with 1:100,000 epinephrine reported onset times for the
mandibular first molar of 4.2 minutes, 6.6 minutes, 6.5 minutes, 4.5
to 6.2 minutes, and 4.7 minutes, respectively. Our results for the 1.8-
mL volume fall within the range of the previous studies (1–7).
Although the onset time of the 3.6-mL volume was 4.4 minutes, this
was not statistically different than the 1.8-mL volume. Therefore, a 3.6-
mL volume of 4% articaine with 1:100,000 epinephrine will not
statistically increase the onset time of pulpal anesthesia in the first molar.

Figure 1 shows the decline of pulpal anesthesia over 60 minutes
for both anesthetic volumes. Similar results have been reported by Rob-
ertson et al (2), Pabst et al (6), and McEntire et al (7) using a cartridge
of 4% articaine with 1:100,000 epinephrine for mandibular buccal first
molar infiltrations. The duration of pulpal anesthesia could be a signif-
icant clinical problem in the mandibular first molar if pulpal anesthesia
ine with 1:100,000 Epinephrine

Moderate Severe
Mean ± standard
deviation (mm)

8 (7/86) 0 (0/86) 27 � 22
2 (2/86) 1 (1/86) 25 � 22

12 (10/86) 0 (0/86) 39 � 27
19 (16/86) 1 (1/86) 36 � 23

17 (15/86) 0 (0/86) 37 � 27
17 (15/86) 0 (0/86) 37 � 29
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TABLE 3. Postinjection Pain Ratings for 1.8 mL and 3.6 mL 4% Articaine with 1:100,000 Epinephrine

Injection phase None Mild Moderate Severe
Mean ± standard
deviation (mm)

Day 0 (%)* (day of injection when soft tissue anesthesia wore off)
1.8 mL articaine 0 (0/86) 66 (57/86) 6 (5/86) 0 (0/86) 24 � 24
3.6 mL articaine 28 (24/86) 58 (50/86) 13 (11/86) 0 (0/86) 36 � 29

Day 1 (%)*
1.8 mL articaine 0 (0/86) 53 (46/86) 3 (3/86) 0 (0/86) 17 � 20
3.6 mL articaine 40 (34/86) 53 (46/86) 6 (5/86) 0 (0/86) 31 � 28

Day 2*
1.8 mL articaine 56 (48/86) 42 (36/86) 1 (1/86) 0 (0/86) 13 � 21
3.6 mL articaine 52 (45/86) 43 (37/86) 3 (3/86) 0 (0/86) 25 � 28

Day 3 (%)*
1.8 mL articaine 69 (59/86) 29 (25/86) 1 (1/86) 0 (0/86) 9 � 18
3.6 mL articaine 60 (52/86) 36 (31/86) 2 (2/86) 0 (0/86) 18 � 26

n = 86.

*There was a significant difference (P < .05) between the two anesthetic volumes.

CONSORT Randomized Clinical Trial
is required for 60 minutes when using an initial infiltration of 1.8 mL or
3.6 mL 4% articaine with 1:100,000 epinephrine.

Injection pain was not significantly different between the two anes-
thetic volumes. We would expect no difference because needle insertion
was the same for the two injections. Needle insertion mean pain was 27
mm for the 1.8-mL volume and 25mm for the 3.6-mL volume (Table 2).
Robertson et al (2), Pabst et al (6), and McEntire et al (7) found the
mean pain ratings after a buccal infiltration of a cartridge of 4% arti-
caine with 1:100,000 epinephrine to be 24 mm, 20 mm, and 37 mm,
respectively. Our results fall within the range for these previous studies
(2, 6, 7). All of these mean readings were in the range of mild pain.

Needle-placement mean pain ranged from 36 mm to 39 mm with
no significant difference between the volumes (Table 2). We would
expect no difference because needle placement did not involve giving
anesthetic solution. Robertson et al (2), Pabst et al (6), and McEntire
et al (7) reported an incidence of needle placement pain of 33 mm, 34
mm to 42 mm, and 37 mm, respectively, for 4% articaine with
1:100,000, which are similar to our results. All of these mean ratings
were in the range of mild pain.

Solution deposition mean pain was 37 mm for each volume with
no significant difference between the volumes (Table 2). The 3.6-mL
volume did not increase the pain of solution deposition probably
because of the initial soft tissue anesthesia allowing the additional
volume to be deposited without additional pain. Robertson et al (2),
Pabst et al (6), and McEntire et al (7) found that the incidence of solu-
tion deposition pain was 36mm, 34 to 36mm, and 30mm, respectively,
which is similar to our results. Kanaa et al (1) and Corbett et al (4) using
a similar design to the current study found pain ratings for buccal infil-
tration of the mandibular first molar in the mild range. Therefore, the
majority of patients will experience mild pain with the buccal infiltration
of 1.8 mL or 3.6 mL of 4% articaine with 1:100,000 epinephrine.

Postinjection pain ratings were statistically different between the
two anesthetic volumes for day 0 through day 3 (Table 3). More post-
injection pain was experienced with the 3.6-mL volume. However, the
mean pain ratings were still in the mild pain range, and the incidence
of pain decreased over the 3 days (Table 3). Pabst et al. (6) also re-
ported more postoperative pain when 3.6 mL volume of articaine was
used for a primary buccal infiltration of the mandibular first molar.
Robertson et al. (2), Pabst et al (6) and McEntire et al (7) found
that the mean pain ratings after a buccal infiltration of a cartridge of
4% articaine with 1:100,000 epinephrine for day 0, day 1, day 2, and
day 3 were 20 mm, 28 mm, and 20mm; 15 mm, 19 mm, and 13
mm; 11 mm, 14 mm, and 8 mm; and 5 mm, 8 mm, and 5 mm, respec-
tively. These mean pain values also showed a pattern of decreasing pain
JOE — Volume 37, Number 5, May 2011 Articain
over the 3 days as was found in the current study (Table 3). All the values
were in the range of mild pain and showed no damage from the anes-
thetic solutions.

The postinjection complications reported were initial tenderness
(6% to 13%) and slight subjective swelling (4% to 9%) in the area of
the injection. The higher percentages were associated with the 3.6-
mL volume as also reported by Pabst et al (6). Using a cartridge of
4% articaine with 1:100,000 epinephrine for mandibular buccal infil-
tration, Pabst et al (6) and McEntire et al (7) found, respectively,
that 22% and 5% to 7% of the subjects reported tenderness and 9%
and 1% to 2% had slight subjective swelling postoperatively. Robertson
et al (2) reported 4% of the subjects reported swelling with the mandib-
ular first molar buccal infiltration of a cartridge of 4% articaine with
1:100,000 epinephrine that resolved by the third day. In the current
study, most complications resolved within 3 days except for two subjects
(1.8-mL volume) and six subjects (3.6-mL volume) who still reported
tenderness on day 3. Pabst et al (6) andMcEntire et al (7) also reported
a small number of subjects had tenderness on the third day postoper-
atively. Although there have been reports of paresthesia associated with
articaine use (10–13), no subjects reported any paresthesia in our
study even though the injection site approximated the mental nerve.

In conclusion, the anesthetic efficacy of 3.6 mL of 4% articaine
with 1:100,000 epinephrine is better than 1.8 mL of the same anesthetic
solution in a primary mandibular buccal infiltration of the first molar.
However, the success rate of 70% is not high enough to support its use
as a primary injection technique in the mandibular first molar.
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