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rticaine Infiltration for Anesthesia of Mandibular First
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bstract
 randomized, controlled trial of 31 healthy volunteers
ompared 4% articaine with 1:100,000 epinephrine
uccal infiltration to buccal plus lingual infiltration of
he same dose of drug in achieving pulpal anesthesia of
andibular first molar teeth. Data were compared with

fficacy of an inferior alveolar nerve block using 2%
idocaine 1:80,000 epinephrine in a cohort of 27 of the
olunteers. Anesthesia was determined using electronic
ulp testing. Buccal and buccal plus lingual infiltrations
f articaine with epinephrine did not differ in efficacy in
btaining pulpal anesthesia for mandibular permanent
irst molars (p � 0.17). Efficacy of 4% articaine with
pinephrine infiltrations for first molar pulp anesthesia
as similar to that of an IANB using lidocaine with

pinephrine over a 30-minute study period (96 and 80
pisodes of no response to maximal stimulation respec-
ively, p � 0.097). Subjective tooth numbness was
ore common after IANB than buccal infiltration (p �

.005). The discomfort of buccal infiltration with artic-
ine was volume dependent (p � 0.017) and similar to
hat of an IANB. (J Endod 2008;34:514 –518)
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14 Corbett et al.
rticaine has been used as a local anesthetic in dentistry for over 20 years and was
introduced into the United Kingdom in 1999 and the United States in 2000. Artic-

ine has been shown in clinical trials to be safe and effective (1–3), and our own recent
ork has shown that a buccal infiltration of 4% articaine with 1:100,000 epinephrine is
ore effective than a similar injection of 2% lidocaine with 1:100,000 epinephrine in

btaining pulp anesthesia in mandibular molars of healthy volunteers (4). This supe-
iority of 4% articaine with epinephrine over 2% lidocaine with epinephrine after
andibular infiltration was confirmed by the work of Robertson and colleagues (5).

he success of mandibular infiltration with articaine and epinephrine for first molar
nesthesia is comparable to that of an inferior alveolar nerve block with 2% lidocaine
nd epinephrine when similar outcome measures are used (6 –12). A recent blinded
rossover study by Jung (13) directly compared the two techniques, with statistically
omparable success of around 50% for articaine infiltration and lidocaine inferior
lveolar nerve blocks for mandibular first molar anesthesia.

Anesthetic failure after an inferior alveolar nerve block may be caused by several
actors, including collateral innervation (14 –16) and supplementary injections can be
seful in overcoming such failure (17). Supplemental intraosseous administration of

idocaine or articaine has been reported to be effective in approximately 90% of clini-
ally inadequate anesthesia (18 –20). Rosenberg and colleagues (21) showed articaine
nd lidocaine to have a similar efficacy for pain reduction when given as a supplemental
uccal infiltration for inadequate pulpal anesthesia during endodontic procedures.
dditionally, the combination of a buccal and lingual infiltration of lidocaine has been
hown to be more effective than buccal alone in obtaining pulpal anesthesia of lower
nterior teeth (22).

The purpose of the present investigation was to compare the efficacy of articaine
uccal infiltration to buccal plus lingual infiltration of the same dose in the lower first
olar region as a means of providing pulpal anesthesia of the mandibular first molar

ooth in healthy volunteers. In addition, the results of the present study were compared
o those obtained in a cohort of the present subjects who received 2% lidocaine with
:80,000 epinephrine as an inferior dental block in a concurrent investigation (23).

Materials and Methods
A power calculation using data from a previous study (22) indicated that 31

ubjects would provide a 90% chance of detecting an effect size of 0.83 (a change of
.83 standard deviations [SDs]) in a continuous outcome measure, assuming a signif-

cance level of 5% and a correlation of 0.5 between responses from the same subject.
he null hypothesis tested was that buccal and buccal plus lingual infiltrations of arti-
aine did not differ in their efficacy for pulpal anesthesia of mandibular first permanent
olar teeth.

Volunteers required the presence of at least one vital lower first molar tooth.
xclusion criteria included any reported allergy to local anesthetic agents, unstable
ardiovascular disease, pregnancy, and neurologic disorders with sensory disturbance.
pproval was obtained from the institutional review board, the Local Research Ethics
ommittee, and the UK Medicines and Healthcare Products Regulatory Authority. All
articipants provided informed written consent.

Although three parties were involved at each stage, the investigation was regarded
s a double-blind, randomized controlled trial as both the subject and individual as-

essing outcome were blinded to the anesthetic administration method. The investigator
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dministering all anesthetics had no involvement in measuring out-
omes. Randomization was performed by a researcher who was not
nvolved in delivering the local anesthetic or assessing outcome
JGM) using a Web-based computer program (http://department.obg.
uhk.edu.hk/researchsupport/random_integer.asp). Blinding of allo-
ation was maintained until completion of the trial. All interventions
ere performed in a dental hospital clinical setting.

The following treatments were given at separate visits:

1. Buccal infiltration of 1.8 mL 4% articaine with 1:100,000 epi-
nephrine in the mucobuccal fold adjacent to a mandibular first
molar with simulated injection (ie, needle penetration only) lin-
gually.

2. Buccal infiltration of 0.9 mL 4% articaine with 1:100,000 epi-
nephrine plus lingual infiltration of 0.9 mL 4% articaine with
1:100,000 epinephrine.

Every volunteer received each treatment over 2 visits separated by
t least 1 week. The same mandibular molar area was anesthetized at
ach visit; all injections were performed by a single operator (IPC). A
ental aspirating syringe fitted with a 0.40 � 35 mm needle (Ultra Safety
lus XL; Deproco, Maidstone, UK) was used to deposit 4% articaine with
:100,000 epinephrine (Septanest 1:100,000; Deproco, Maidstone,
K) at a rate of 0.9 mL per 15 seconds. Buccal injections were admin-

stered first at each visit, with a total needle penetration time of 30
econds (1.8 mL over 30 seconds or 15 seconds penetration with no
dministration followed by 0.9 mL over 15 seconds). On the lingual
ide, the 0.9 mL of solution was injected over 15 seconds, and the
imulated lingual injection was a 15-second needle penetration only to
lind the subject to the method of infiltration. In the IANB investigation
reported previously, 23), 2 mL of 2% lidocaine with 1:80,000 epineph-
ine (Lignospan Special; Dentsply, Weybridge, UK) was administered
ver 1 minute using the direct or Halstead approach by the same oper-
tor who administered the infiltrations described earlier.

The investigator of anesthetic efficacy (MDK) was blinded to the
nfiltration method used at each visit. Pulpal anesthesia was determined
y using an electronic pulp tester (Analytic Technology, Redmond, WA).
he pulp tester was set to deliver a 0 to 80 digital reading on a rate
etting of five, corresponding to a nonlinear increasing voltage, zero to
aximum, over 30 seconds. Calibration of the pulp tester showed a
aximum voltage of 270 V at an output impedance of 140 K ohms. The

ppropriate mandibular first molar was tested twice before injection,
nd the mean of these two readings was considered as baseline. Pulp
esting was then repeated once every 2 minutes after injection for 30

inutes giving a total of 15 time points. In order to test the reliability of
he pulp tester, a nonanesthetized canine tooth on the contralateral side
f the mandible was tested at each time point. The canine tooth was
hosen as a control because of the ease of access and moisture control
n addition to the possibility of the contralateral molar being compro-

ised by disease. The number of occasions (out of the 15 time points)
n which there was no response to maximum stimulation was deter-
ined and the responses for the two treatments were compared across

he 31 subjects.
For the concurrent IANB investigation, pulp testing was performed

nder identical conditions by the same investigator (MDK), with a vari-
tion only in the time interval used (23). Testing was carried out every
minutes for 10 minutes and then at 5-minute intervals to 45 minutes,

iving seven corresponding time points between 0 and 30 minutes in the
wo studies.

The criterion for successful anesthesia after infiltration was no
esponse to the maximum stimulation, a reading of 80, on two or more
onsecutive measurements (4). The onset of first molar pulp anesthesia

as taken as the time from the beginning of at least two consecutive 0
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aximum readings without sensation. The duration of anesthesia was
imilarly taken as the time from the beginning of at least two consecutive
aximum readings without sensation until the onset of more than two

esponses at less than maximum stimulation or the end of the 30 min-
tes of the trial, whichever was sooner. In addition to objective assess-
ent of pulpal anesthesia, volunteers were asked to report to the inves-

igator when sensation in the molar teeth, lower lip, and floor of mouth/
ongue felt different or “numb.” Time of reported onset and presence of
ooth, labial, and lingual soft-tissue anesthesia at each pulp testing time
oint were recorded.

Injection discomfort for each infiltration, dummy lingual infiltra-
ion, and the IANB was self-recorded by subjects on 100-mm visual
nalogue scales (VAS) with endpoints “no pain” (0 mm) and “unbear-
ble pain” (100 mm).

Data were analyzed by Pearson Chi-square, Fisher’s exact test,
cNemar test and Student’s t tests, performed using a statistical analysis

ackage (SPSS 14.0, SPSS limited, Chicago, USA).

Results
uccal versus Buccal Plus Lingual Infiltration

The study was performed over a 6-month period. Thirty-one
ealthy volunteers, recruited predominantly from the local university
including dental students) population, participated in the study, with
o exclusions; 16 women (52%) and 15 men (48%), with a mean age
f 23 years (range, 20-30 years) were included. Eighteen subjects re-
eived buccal and lingual infiltration with articaine at the first visit, 13
eceiving buccal and simulated injections initially. The mean time be-
ween interventions was 41 days (range, 7-105). All recruited partici-
ants received the intended treatment and completed the trial; no pro-

ocol deviation was noted, and no adverse events were reported.
The number of episodes of no sensation on maximal stimulation

80) in first molars at each time point after injection was not signifi-
antly different (p � 0.58) after combined buccal and lingual infiltra-
ions compared with buccal infiltration alone, with 242 episodes and
36 episodes, respectively (Fig. 1). Twenty (64.5%) volunteers expe-
ienced anesthetic success (two or more consecutive episodes of max-
mal stimulation without sensation) after articaine buccal infiltration
ompared with 21 (67.7%) after the combined buccal and lingual in-
iltration. This difference was not significant (p � 1.0).

The mean onset of first molar pulpal anesthesia was 6.5 minutes
SD, 5.5 minutes) after buccal and 7.5 minutes (SD, 6.0 minutes) after
uccal plus lingual infiltrations. The difference was not significant (t �
.57, p � 0.57).

The maximum duration of anesthesia possible in this trial was 28
inutes. Six subjects achieved 28 minutes of continuous anesthesia

fter buccal infiltration and four subjects after buccal plus lingual infil-
ration. The mean duration of successful pulpal anesthesia was 21.6

inutes (SD, 7.9 minutes) after buccal and 20.5 minutes (SD, 7.8
inutes) after buccal plus lingual infiltrations. The difference was not

ignificant (t � 0.46, p � 0.65).
All volunteers reported lip numbness after buccal and buccal plus

ingual infiltrations, with a mean onset of 51.2 seconds (SD, 26.6 sec-
nds) and 61.0s (SD 51.1 seconds), respectively. The difference was
ot significant (t � 1.1, p � 0.30). Lingual mucosa numbness was
eported by 7 (22.6%) subjects after buccal and 21 (67.7%) after
ombined buccal and lingual infiltration. This difference was significant
p � 0.001). Twenty-four (77.4%) volunteers reported subjective
ooth numbness after buccal infiltration alone and 27 (87.1%) after
uccal and lingual infiltration. The difference was not significant (p �

.38).
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Lingual penetration and lingual injection showed similar discom-
ort over the two visits, with mean VAS scores of 19.7 mm (range, 0-51)
nd 21.5 mm (range, 1-78), respectively (t � 0.68, p � 0.50). Artic-
ine buccal infiltration with a volume of 1.8 mL (mean, 20.9 mm; range,
-73) was significantly more uncomfortable than 0.9 mL of infiltration
mean, 15.2 mm; range, 0-54; t � 2.5; p � 0.017).

rticaine Buccal Infiltration versus Lidocaine IANB
Twenty-seven of the volunteers enrolled in this current investiga-

ion were also participating in a concurrent study investigating the effi-
acy of inferior alveolar nerve blocks with 2% lidocaine 1:100,000
pinephrine (23). The study was performed under identical random-
zed, double-blinded, controlled conditions by the same investigators.
ata used in this comparison related to delivery of an IANB at the rate of
.0 mL over 1 minute. Seven of the time points up to 30 minutes postin-
ection corresponded between the present and the IANB investigations.
he cohort involved in both trials consisted of 12 men (44.4%) and 15
omen (55.6%), with a mean age of 22.8 years (range, 20-30 years). Of

hese 27 volunteers, 17 received the IANB before buccal infiltrations.
Comparing the present buccal infiltration data with the IANB data,

f the 27 volunteers, 19 (70.4%) experienced anesthetic success after
rticaine buccal infiltration compared with 15 (55.6%) after the IANB
p � 0.39), with a mean onset of pulpal anesthesia of 6.8 minutes (SD,
.2 minutes) and 5.9 minutes (SD, 4.4 minutes) respectively (indepen-
ent samples test: t � 0.54, p � 0.60). The number of episodes of no

igure 1. The percentage of volunteers reporting no sensation on maximal stim
uccal and lingual (B&L) infiltration.

igure 2. The percentage of volunteers reporting no sensation on maximal stim

idocaine IANB injection.

16 Corbett et al.
ensation on maximal (80 �A) stimulation in first molars at each time
oint after injection (Fig. 2) was greater after the articaine buccal infil-

ration (96 episodes) compared with IANB (80 episodes); this was not
tatistically significant (p � 0.097).

Subjective lip numbness was reported in all but one intervention
an IANB). The onset of lip numbness in the remaining volunteers
anged between 20 and 115 seconds (mean, 49.9 seconds; SD, 21.1
econds) after articaine buccal infiltration alone and between 6 and 730
econds after IANB injection (mean, 97.2 seconds; SD, 165.9 seconds).
his difference was not significant (t � 1.5, p � 0.14). All volunteers
eported tongue numbness after IANB injection, but only six (22.2%)
eported lingual mucosa numbness after articaine buccal infiltration.
his difference was significant (p � 0.001). Subjective tooth numbness
as significantly more common after IANB compared to articaine buc-
al infiltration (27 vs 20 cases, respectively; p � 0.005).

No significant difference was noted in injection discomfort be-
ween articaine buccal infiltration (mean VAS 22.4 mm, SD 18.4 mm)
nd lidocaine IANB (20.7 mm, SD 17.4 mm) in the 27 subjects (t �
.41, p � 0.69).

Discussion
The use of electrical stimulation is considered a safe and precise

ethod to evaluate pulpal anesthesia in vital asymptomatic teeth (24,
5). The absence of perception to the maximum output of the pulp

n (80) in first mandibular molars after articaine buccal (B) versus articaine

n (80) in first mandibular molars after articaine buccal infiltration (B) versus
ulatio
ulatio
JOE — Volume 34, Number 5, May 2008
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ester (80 reading) has been widely used as a criterion for pulpal an-
sthesia (4, 10, 26, 27).

The results of the present study show infiltration anesthesia effi-
acy in the mandibular molar region with 4% articaine and epinephrine
1;100,000) in adults of approximately 65%. This result is similar to
hat reported by Haas et al (28) but lower than that noted by Robertson
t al (5). Buccal infiltration with articaine has been shown to achieve a
igher success rate in mandibular molar anesthesia than that reported
ith a buccal infiltration of 2% lidocaine with epinephrine (1:100,000)
4, 5). This increase in efficacy may be the result of a concentration
ffect (1) or greater diffusion of articaine (29, 30).

The results of this investigation show that no advantage in anes-
hetic success was obtained from dividing the administration of a dose of
rticaine between buccal and lingual infiltrations in the molar region of
he mandible compared with buccal infiltration alone. This is in contrast
o the mandibular incisor region in which the combination of buccal
lus lingual infiltration has been shown to be more effective than the
ame dose given buccally (22). This difference may be the result of the
nvolvement of accessory nerves on the lingual side of the mandible (eg,
n the innervation of the anterior but not the posterior teeth) (31). The
ffect is unlikely to relate to bone thickness/density and access to IAN;
lthough the cortical plate may be around 0.5 mm thicker on the lingual
han the buccal aspect (32), the inferior alveolar canal is predominantly
oward the lingual cortex (33).

To eliminate a dose effect, the overall volume injected either on the
uccal or in the combined buccal and lingual administration was kept
onstant. The minimum buccal articaine dose required to produce suc-
essful pulpal anesthesia has not been investigated in this trial. The role
f lingual infiltration may become relevant if the buccal dose is reduced
elow a “critical” threshold.

Previous studies have reported the peak anesthetic effect of infil-
ration anesthesia in the anterior mandible in the region of 8 to 10

inutes (22, 34). In the current study, the anesthetic effect for the
andibular first molar peaked 16 to 20 minutes after infiltrations, the

ag possibly resulting from a greater physical diffusion barrier. In com-
arison, the peak for the IANB occurred earlier (10 minutes) but was
ower (Fig. 2), although neither of these differences was significant.

In the present study, approximately 70% of the volunteers who
chieved successful first molar pulpal anesthesia after articaine buccal
lus lingual infiltrations did so within 10 minutes. The corresponding
igures for buccal infiltration alone and IANB were 85% and 93%, re-
pectively. No significant difference was noted between the techniques
ith regard to overall mean onset; these were 7.5 minutes for articaine
uccal plus lingual infiltration, 6.5 minutes for articaine buccal infiltra-
ion only, and 5.9 minutes for IANB with lidocaine. These results suggest
hat a period of 6 to 10 minutes should elapse before testing for pulpal
nesthesia or indeed before commencing a potentially painful proce-
ure such as accessing the dental pulp.

Reporting of subjective lip numbness was similar after both infil-
ration techniques and IANB. An earlier mean onset time for lip numb-
ess was reported with the larger dose of articaine buccal infiltration
1.8 mL); however, this was not statistically significant. Not surprisingly,
he reporting of subjective numbness of the lingual mucosa in the infil-
ration study was more common after a lingual injection (67%), with
even subjects reporting lingual mucosa numbness after buccal infiltra-
ion alone. All volunteers reported subjective lingual numbness after
ANB. Approximately 77% of subjects reported first molar tooth numb-
ess after articaine buccal infiltration compared with 87% after artic-
ine buccal plus lingual infiltrations with no significant differences be-
ween the two techniques. Subjective tooth numbness was significantly

ore common after IANB than articaine buccal infiltration. Reporting of

ingual anesthesia after lingual infiltration may have been expected to be t

OE — Volume 34, Number 5, May 2008
ore common than recorded in the present study. This may reflect the
ubjectivity of self-reporting and may have been different if objective
easurement was undertaken. It is possible that tooth numbness is
ore readily perceived (subjects being seen to tap their teeth together

o assess this). In addition, anesthesia of the teeth may “confuse” as-
essment of lingual anesthesia, as seen by the higher incidence of re-
orted subjective tooth numbness after buccal plus lingual infiltration.
his may warrant further investigation.

In the present study, lingual injection and lingual needle penetra-
ion produced similar discomfort over the two visits. This is in contrast
o the results of Meechan et al (31) who reported lingual injection was

ore uncomfortable than needle penetration with 2% lidocaine local
nesthetic in the same region. This may be because buccal infiltration
as always administered first and may diffuse deeply into the bone (29,
0), resulting in the lingual soft-tissue anesthesia as described earlier.
imilarly, one study showed that extraction of teeth in the maxilla was
ossible with articaine buccal infiltration only (35), additional evidence
f transalveolar diffusion. Other studies however have failed to show
uch diffusion (28).

The present results show that the discomfort of infiltrating 4%
rticaine with 1:100,000 epinephrine in the mandibular buccal sulcus
ncreases with the volume of anesthetic solution. This is in contrast to
ata reported after lidocaine infiltration (31) and may suggest a con-
entration effect as opposed to a simple volume consequence. Because
ow-volume lingual infiltration discomfort is akin to large volume buc-
al infiltration, division of the dose between the two sites affords no
enefit to the patient in terms of discomfort. Nevertheless, the mean
cores reported by the volunteers for all routes of administration of
ocal anesthetic in the first molar region represent mild discomfort only
36).

The results presented here provide evidence to support the view
hat a mandibular infiltration with 4% articaine with epinephrine can be
s effective as an inferior alveolar nerve block over the 30-minute study
eriod (13). The success rates reported in the present and other trials
f inferior alveolar nerve block efficacy (6 –13) may appear low com-
ared with those that would be apparent in clinical practice; however,

he criteria for success using an electronic pulp tester in such trials is
ore stringent than subjective ratings (10). Such profound anesthesia
ay not be necessary to perform many less invasive clinical procedures

11), and when profound pulpal anesthesia is required, clinical testing
ith an electronic pulp tester would be indicated.

Although buccal infiltration with articaine is not without disadvan-
ages, avoidance of inferior alveolar nerve blocks for restorative den-
istry has a number of advantages. Infiltration produces less unwanted
oft-tissue anesthesia for minimally invasive procedures, a supplemen-
ary injection being required for lingual anesthesia. Similarly, a shorter
uration of action (4, 5, 7, 8) may or may not be an advantage of
rticaine buccal infiltration over lidocaine inferior alveolar nerve block
epending on the procedure undertaken and a repeat infiltration may
e required. Trismus and nonsurgical paresthesia as a result of damage

rom the needle to the inferior alveolar or lingual nerves is avoided
37). In addition, infiltration techniques may be preferred in certain
atient groups such as those suffering from hemophilia in order to
educe the chances of dangerous hemorrhage. Infiltration is a simpler
echnique than other alternatives to mandibular blocks such as in-
raosseous and intraligamentary injections. Infiltration anesthesia does
ot require the specialized equipment needed for intraosseous delivery,

s less destructive to the periodontium, and avoids the large bacteremia
hat follows intraligamentary injections (38, 39). Articaine benefits
rom a shorter plasma half-life compared with other amide local anes-

hetics (29, 30) and when given as an infiltration should circumvent the

Articaine Infiltration for Anesthesia of Mandibular First Molars 517
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ossible concentration-related neurotoxicity associated with regional
lock methods when 4% solutions are used (40, 41).

Conclusions
Buccal and buccal plus lingual infiltrations of articaine with epi-

ephrine did not differ in their efficacy in obtaining pulpal anesthesia
or mandibular permanent first molars. Anesthetic efficacy of 4% arti-
aine with epinephrine infiltrations for first molar pulp anesthesia was
imilar to that of an IANB using 2% lidocaine with epinephrine over 30
inutes. The discomfort of buccal infiltration with articaine was depen-

ent on the volume injected and similar to that of an IANB.
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