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record.1 Recent studies2–4 have shown that 
4% articaine with adrenaline, which was 
first marketed in the United Kingdom in 
1999, is more effective than 2% lidocaine 
with adrenaline for mandibular permanent 
first molar anaesthesia following buccal 
infiltration in the lower jaw.

Regional blocks do not always result 
in successful pulpal anaesthesia for lower 
anterior teeth.5,6 Meechan and Ledvinka7 
investigated infiltration anaesthesia in the 
adult mandibular incisor region and found 
that the combination of buccal and lin-
gual infiltrations was more effective than 
the use of either in isolation. Their study 
included only lidocaine with adrenaline. 
Nuzum et  al.8 have recently suggested 
that supplementing a buccal infiltration 
of 4% articaine with 1:100,000 adrena-
line with a lingual injection of the same 

Introduction

Effective pulpal anaesthesia is essential 
for many dental procedures, and predict-
able local anaesthetic regimens are impor-
tant in reducing the fear and anxiety that 
dentistry might provoke. Despite a range 
of commercially available local anaes-
thetic drugs, lidocaine remains the most 
commonly employed in dentistry in the 
United Kingdom, with an excellent safety 

Aim  To compare the efficacy of 2% lidocaine and 4% articaine both with 1:100,000 adrenaline in anaesthetising the 
pulps of mandibular incisors. Methods  Thirty-one healthy adult volunteers received the following local anaesthetic 
regimens adjacent to a mandibular central incisor: 1) buccal infiltration of 1.8 mL lidocaine plus dummy lingual injection 
(LB), 2) buccal plus lingual infiltrations of 0.9 mL lidocaine (LBL), 3) buccal infiltration of 1.8 mL articaine plus dummy 
lingual injection (AB), 4) buccal plus lingual infiltrations of 0.9 mL articaine (ABL). Pulp sensitivities of the central incisor 
and contralateral lateral incisor were assessed electronically. Anaesthetic efficacy was determined by two methods: 1) Re-
cording the number of episodes with no responses to maximal electronic pulp tester stimulation during the course of the 
study period, 2) recording the number of volunteers with no response to maximal pulp tester stimulation within 15 min 
and maintained for 45 min (defined as sustained anaesthesia). Data were analysed by McNemar, chi-square, Mann-
Whitney and paired t–tests. Results  For both test teeth, the number of episodes of no sensation on maximal stimulation 
was significantly greater after articaine than lidocaine for both techniques. The split buccal plus lingual dose was more 
effective than the buccal injection alone for both solutions (p <0.001). 4% articaine was more effective than 2% lidocaine 
when comparing sustained anaesthesia in both teeth for each technique (p <0.001), however, there was no difference 
in sustained anaesthesia between techniques for either tooth or solution. Conclusions  4% articaine was more effective 
than 2% lidocaine (both with 1:100,000 adrenaline) in anaesthetising the pulps of lower incisor teeth after buccal or buc-
cal plus lingual infiltrations.

solution increases the efficacy of pulpal  
anaesthesia for lower lateral incisors.

The purpose of the current study was to 
compare the efficacy of 2% lidocaine and 
4% articaine both with 1:100,000 adrena-
line in anaesthetising the pulps of ipsi-
lateral mandibular central incisors and 
contralateral mandibular lateral inci-
sors (to determine spread of anaesthesia) 
after buccal infiltration or a split buccal 
plus lingual dose. The primary outcome 
measure was pulp anaesthesia (negative 
response to electronic pulp testing). The 
secondary outcomes were onset time and  
injection discomfort.

The null hypothesis tested was that there 
are no significant differences between 
4% articaine and 2%  lidocaine infiltra-
tions in the degree of pulpal anaesthe-
sia and onset of pulpal anaesthesia in 
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•	 Infiltration injections are effective in the 
mandibular incisor region.

• 	The combination of buccal and lingual 
infiltrations seems to offer the best 
anaesthetic profile.

• 	4% articaine with adrenaline is more 
effective than 2% lidocaine with 
adrenaline as an infiltration anaesthetic 
in the mandibular incisor region.
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ipsilateral central incisors and contralat-
eral lateral incisors after infiltrations in the  
anterior mandible.

Materials and methods
Approval for this prospective, ran-
domised, double-blind, cross-over study 
was secured from the national ethics com-
mittee and from the UK Medicines and 
Healthcare products Regulatory Agency. 
A formal power calculation based on the 
data from earlier investigations2,7 indi-
cated that a sample size of 31 volunteers 
would provide a 90% chance of finding 
a difference at the 0.05 level. Healthy 
adult volunteers 18 years old and over 
were included in this study. Exclusion  
criteria included:

under 18 years of age1.	
unable to give informed consent2.	
bleeding disorders3.	
facial anaesthesia or paraesthesia4.	
allergies to local anaesthetic drugs5.	
pregnant at the time of the study6.	
teeth that responded negatively to 7.	
baseline pulp testing or with key test 
teeth missing.

Each subject had at least one vital per-
manent mandibular central and contralat-
eral lateral incisor. Clinical examinations 
were performed to ensure that all test teeth 
were free of caries, large restorations, and 
periodontal disease, and that none had a 
history of trauma or sensitivity.

The following local anaesthetic regimens 
were applied in randomised order deter-
mined by a web-based program (http://
department.obg.cuhk.edu.hk/researchsup-
port/random_integer.asp) at the right per-
manent mandibular central incisor over 
four visits, at least one week apart:
1.	 1.8 mL of 2% lidocaine with 

1:100,000 adrenaline (Dentsply 
Pharmaceutical, Konstanz, Germany) 
as a buccal infiltration in the muc-
cobuccal fold with a dummy injection 
(needle penetration only) lingually in 
the lingual reflected mucosa (LB)

2.	 0.9 mL of 2% lidocaine with 
1:100,000 adrenaline as a buccal infil-
tration in the muccobuccal fold and 
0.9 mL as a lingual infiltration in the 
lingual reflected mucosa (LBL)

3.	 1.8 mL of 4% articaine with 
1:100,000 adrenaline (Septodont, 
Saint-Maur-des-Fosses, France)  

as a buccal infiltration in the muc-
cobuccal fold with a dummy injection 
lingually (AB)

4.	 0.9 mL of 4% articaine with 
1:100,000 adrenaline as a buccal infil-
tration in the muccobuccal fold and 
0.9 mL as a lingual infiltration in the 
lingual reflected mucosa (ABL).

All injections were administered by 
the same investigator, using a standard 
aspirating dental cartridge syringe (Ultra 
Safety plus XL Syringe, Septodont) fitted 
with a 30–gauge dental needle. This inves-
tigator had no participation in measuring 
outcome. Injections were administered at a 
rate of 15 seconds per 0.9 mL. The dummy 
injections involved needle penetration for 
15  seconds without deposition of local 
anaesthetic solution. Dummy injections 
were administered to blind the volunteers 
to the method of anaesthesia used.

The efficacy of anaesthesia was deter-
mined by electronic pulp testing (Analytic 
Technology, Redmond, WA, USA) by an 
investigator blinded to the injections 
administered. The pulp tester was set to 
deliver a 0‑80 digital reading on a rate 
setting of five, corresponding to a non-lin-
ear increasing voltage, zero to maximum, 
over 30 seconds. Calibration of the pulp 
tester demonstrated a maximum voltage 
of 270 volts at an output impedance of 
140 K Ohms.

Testing was performed on the appropri-
ate mandibular central incisor and the con-
tralateral mandibular lateral incisor twice 
before injection, at two-minute intervals 
after injection until 30 minutes and then at 
five-minute intervals until 45 minutes post-
injection. The timings were measured by 
stopwatch. An unanaesthetised maxillary 
central incisor was tested before injection 
and at 10 and 45 minutes post-injection to 
ensure proper function of the pulp tester.

Anaesthetic efficacy was determined by 
two methods:
1.	 The number of episodes of no 

response to maximal pulp tester 
stimulation (80 reading) during the 
post-injection trial period

2.	 The number of volunteers with no 
response to maximum pulp tester 
stimulation (80 reading) within 
15 min and maintained for 45 min 
post-injection after each treatment 
(sustained anaesthesia).

The onset of pulpal anaesthesia was con-
sidered as the first of two or more episodes 
of no sensation to maximal stimulation 
(80 reading).

Subjective discomfort associated with 
each of the injections and dummy injec-
tions was also recorded by volunteers 
on 100 mm visual analogue scales with 
end-points marked ‘No pain’ (0 mm) and 
‘Unbearable pain’ (100 mm).

Data were analysed in SPSS (SPSS 17.0, 
SPSS Inc., Chicago, IL) by McNemar, chi–
square, Mann–Whitney, and Student’s 
paired t–test. The Bonferroni correction 
was applied where multiple comparisons 
were made.

Results
Thirty–one volunteers completed the 
investigation (11 male, 20 female; mean 
age 24.4 yrs, SD = 4.4 yrs).

Figures 1 and 2 show the percentage of 
volunteers reporting negative response to 
maximal pulp stimulation (80 reading) at 
time intervals after injection in ipsilateral 
mandibular central incisors and contralat-
eral mandibular lateral incisors.

For ipsilateral central incisors, the 
number of episodes of no response to 
maximal electronic pulp stimulation 
(80  reading) was significantly different 
among the four anaesthetic regimens (chi-
square = 326.6, p <0.001). The number of 
episodes of no sensation in ipsilateral cen-
tral incisors was greater after AB (453 epi-
sodes) than LB (244). This difference was 
significant (McNemar test, p <0.01). A sig-
nificant difference was also found between 
ABL (499 episodes) and LBL (348 episodes) 
[McNemar test, p <0.01]. ABL resulted in 
significantly more episodes of no sensation 
than AB alone (499 versus 453 respectively, 
McNemar test p <0.01). LBL also resulted in 
significantly more episodes of no sensation 
than LB alone (348 versus 244 respectively, 
McNemar test p <0.01).

For contralateral lateral incisors, there 
were again highly significant differences 
in the number of episodes of negative 
pulp testing among the four anaesthetic 
regimens (chi-square = 241.2, p <0.001). 
For the contralateral lateral incisor, the 
incidence of maximal stimulation without 
sensation was significantly higher after AB 
than LB (234 versus 88 episodes respec-
tively, McNemar test p <0.01). Significant 
differences were also found between ABL 
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differences between the 4 regimens (chi-
square = 37.1, p <0.001). One volunteer 
(3.2%) achieved sustained anaesthesia 
in the ipsilateral central incisor follow-
ing LB compared to 14 (45.2%) after AB. 
The difference was significant (McNemar 
test, p <0.01). Twenty volunteers (64.5%) 
secured sustained anaesthesia after ABL 
compared to three (9.7%) after LBL. This 
difference was significant (McNemar 
test, p <0.01). The incidence of sustained 
anaesthesia did not differ significantly 

between LB alone (one volunteer [3.2%]) 
and LBL (three volunteers [9.7%]) 
[McNemar test, p = 0.5]. Similarity, there 
was no significant difference between AB 
alone (14 volunteers [45.2%]) and ABL 
(20 volunteers [64.5%]) [McNemar test,  
p = 0.146].

For contralateral lateral incisors, there 
were again significant differences between 
the four anaesthetic regimens (chi-
square = 22.4, p <0.001). For contralateral 
lateral incisors, none of the volunteers (0%) 
achieved sustained anaesthesia following 
LB compared to seven (22.6%) after AB. 
The difference was significant (McNemar 
test, p <0.01). Twelve volunteers (38.7%) 
secured sustained pulp anaesthesia follow-
ing ABL compared to one (3.2%) after LBL. 
This difference was significant (McNemar 
test, p <0.01). No significant difference 
was found between LB alone (no volun-
teers) and LBL (one volunteer) Again, there 
was no significant difference between AB 
alone and ABL (seven volunteers [22.6%] 
versus 12 volunteers [38.7%] respectively 
[McNemar test, p = 0.125]).

Non-parametric testing was employed 
to assess differences in the onset of pul-
pal anaesthesia since the data were not 
normally distributed. Teeth that did not 
achieve no response to the maximum stim-
ulus from the pulp tester on at least two 
consecutive occasions were not included 
in the onset data analysis. Table 2 shows 
the data for the onset of anaesthesia in 
ipsilateral central incisors and contralat-
eral lateral incisors. There was no differ-
ence in the median time of onset of pulpal 
anaesthesia in the ipsilateral central inci-
sor after LB and AB (2.0 min for both). The 
median time of onset of pulp anaesthesia 
was shorter after ABL (2.0 min) than LBL 
(4.0) (Mann-Whitney test, p <0.01). A sig-
nificant difference was found between the 
median time of onset of pulp anaesthesia 
after LB and LBL (2.0 min versus 4.0 min 
respectively, Mann-Whitney test, p <0.05). 
There was no significant difference in the 
median time of onset of pulp anaesthe-
sia after AB compared to ABL (2.0 min  
for both).

For the contralateral lateral incisor, 
there was no significant difference in the 
median time of onset of pulp anaesthesia 
after LB and AB (5.0 versus 4.0 respec-
tively; Mann-Whitney test, p  =  0.097). 
The median onset time was shorter after 

and LBL (319 versus 146 episodes respec-
tively, McNemar test, p <0.01). The dif-
ference between LB alone and LBL (88 
episodes versus 146 episodes) was also sig-
nificant [McNemar test, p <0.01]. A similar 
difference was also found for AB alone 
(234 episodes) compared with ABL (319 
episodes) [McNemar test, p <0.01].

When sustained anaesthesia was 
compared, the following results were 
found (Table  1). For ipsilateral central 
incisors, there were highly significant 
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Fig. 1  Percentage of volunteers reporting negative response to maximal pulp stimulation 
(80 reading) at time intervals in ipsilateral mandibular central incisors after articaine and 
lidocaine buccal and buccal plus lingual infiltrations

Fig. 2  Percentage of volunteers reporting negative response to maximal pulp stimulation 
(80 reading) at time intervals in contralateral mandibular lateral incisors after articaine and 
lidocaine buccal and buccal plus lingual infiltrations

Table 1  Anaesthetic success (sustained anaesthesia) in ipsilateral central incisors  
and contralateral lateral incisors after each infiltration method

LB LBL AB ABL
P 
valuesSuccess Success Success Success

N % N % N % N %

Ipsilateral central incisors 1 3.2 3 9.7 14 45.2 20 64.5 0.001

Contralateral lateral incisors 0 0 1 3.2 7 22.6 12 38.7 0.001

LB: lidocaine buccal infiltration, LBL: lidocaine buccal and lingual infiltration, AB: articaine buccal  
infiltration, ABL: articaine and lingual infiltration
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ABL (4.0 min) than LBL (6.0 min) (Mann-
Whitney test, p <0.01). There was no sig-
nificant difference in the median time of 
onset of pulp anaesthesia between LB and 
LBL (5.0 min versus 6.0 min respectively; 
Mann-Whitney test, p = 0.435). Similarly, 
there was no significant difference in the 
median time of onset of pulp anaesthesia 
between AB and ABL (4.0 min for both).

A summary of the VAS scores for injec-
tion discomfort is shown in Table 3. No 
significant differences were noted between 
the drugs and methods of administration. 
Lingual penetration was, however, more 
comfortable than lingual infiltration 
(Student’s paired t–test p <0.01).

Discussion
The use of electronic pulp testing is well 
established in clinical practice and in local 
anaesthetic trials.9–12 A number of studies 
have used no response to maximal elec-
tronic pulp tester output (80 reading) as 
a measure of pulpal anaesthesia.13–20 Pulp 
anaesthesia can be defined in many ways, 
and with varying degrees of stringency. 
One method is to determine the number 
or percentage of subjects who obtain two 
or more consecutive episodes of maximal 
electronic pulp tester stimulation (80 read-
ing) without response.3,21–23 We employed 
a more stringent definition in this study, 

which was similar to those described  
by others.24,25

An impression of anaesthetic response 
can also be obtained by counting the 
number of negative responses to pulp test-
ing across a study period, or by assessing 
shifts from baseline pulp testing.4 In patient 
studies, the ‘acid test’ of pulp anaesthesia 
is the ability to complete treatment with-
out pain. This is clearly not possible in 
healthy volunteer studies, but it is gen-
erally assumed that negative pulp tester 
responses form a satisfactory proxy marker 
for pulp anaesthesia.

The results of the present study confirm 
those of Meechan and Ledvinka,7 Nuzum 
et al.8 and Yonchak et al.21 that infiltra-
tions can provide successful pulpal anaes-
thesia in mandibular anterior teeth. In the 
Meechan and Ledvinka study,7 a split buc-
cal and lingual dose of lidocaine was more 
effective than a buccal infiltration alone 
on the basis of the number of no responses 
to maximal pulp tester stimulation across 
the study period. This improvement can-
not be the result of an increase in local 
anaesthetic dose as an identical volume 
was given for both injection methods. A 
possible explanation for improved anaes-
thetic efficacy of the combination method 
is that the lingual infiltration might coun-
ter accessory innervation to the pulps 

of central incisors from the lingual and  
mylohyoid nerves.

The results of the present investigation, 
when using a similar analysis to that of 
Meechan and Ledvinka,7 support the find-
ings of the latter workers. The split buccal 
and lingual technique was more effective 
than a buccal dose alone for both lido-
caine and articaine. As far as drug efficacy 
is concerned, articaine was more effective 
than lidocaine. Articaine buccal infiltration 
produced more episodes of no response to 
maximum stimulation than lidocaine buc-
cally in both ipsilateral central and contral-
ateral lateral incisors, and the split articaine 
technique produced more episodes than the 
equivalent method with lidocaine.

When considering sustained anaesthe-
sia, lidocaine buccal infiltration produced 
a very low success rate of 3.2% in the ipsi-
lateral central incisor. This is lower than 
the 50% success reported by Meechan and 
Ledvinka7 following lidocaine buccal infil-
tration, but the definition of anaesthesia 
employed in their report was less stringent, 
requiring only a single episode of negative 
pulp testing within the trial period.

For both ipsilateral central and contral-
ateral lateral incisors there were highly 
significant differences when sustained 
anaesthesia was compared between the 
four treatments, (p <0.001). For both test 
teeth the results were significantly better 
when articaine was used irrespective of 
the technique employed. This is similar 
to the findings of others2–4 who reported 
that 4% articaine with 1:100,000 adrena-
line is more effective than 2% lidocaine 
with 1:100,000 adrenaline when used for 
infiltration anaesthesia in the mandibular 
molar region.

The success of sustained anaesthesia 
in the present study for the ipsilateral 
central incisor after articaine was infil-
trated both buccally and lingually (64.5%) 
was comparable to the 63% reported by 
Yonchak and others21 after labial infiltra-
tions of lidocaine with adrenaline, how-
ever these workers used a less stringent 
criterion for success. The present results 
are also similar to those obtained by Haas 
and others26 after buccal infiltrations of 
1.5 mL of 4% articaine or 4% prilocaine 
both with 1:200,000 adrenaline adjacent 
to the mandibular canine tooth. In that 
study, anaesthetic success was 65% for 
articaine and 50% for prilocaine. Their 

Table 2  Onset of pulpal anaesthesia in minutes in ipsilateral central incisors and 
contralateral lateral incisors after each infiltration method

Ipsilateral central incisors Contralateral lateral incisors

LB LBL AB ABL LB LBL AB ABL

Mean 3.4 3.8 3.3 2.3 6.8 5.0 5.5 5.0

Median 2.0 4.0 2.0 2.0 5.0 6.0 4.0 4.0

Range 2-6 2-8 2‑14 2-4 2‑18 2‑10 2‑28 2‑14

LB: lidocaine buccal infiltration, LBL: lidocaine buccal and lingual infiltration, AB: articaine buccal infiltration, ABL: articaine and lingual infiltration

Table 3  VAS scores (mm) of discomfort after real and dummy infiltrations

LB 
(1.8 mL)

LB 
(0.9 mL)

LL 
(0.9 mL)

Lingual 
penetration

AB 
(1.8 mL)

AB 
(0.9 mL)

AL 
(0.9 mL)

Number 31 31 31 31 31 31 31

Mean (mm) 32.9 34.7 23.3 12.5 36.8 33.5 24.9

SD (mm) 19.1 22.0 17.2 13.9 22.8 21.4 20.9

Minimum (mm) 3.0 2.0 2.0 1.0 2.0 1.0 1.0

Maximum (mm) 70.0 76.0 69.0 53.0  81.0 78.0 68.0

LB: lidocaine buccal infiltration, LL: lidocaine lingual infiltration, AB: articaine buccal infiltration, AL: articaine lingual infiltration, Lingual penetration: 
dummy lingual injection
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Several factors can affect the onset time 
of local anaesthesia including the site of 
administration, the method of administra-
tion and the intrinsic properties and con-
centration of the drug. The present results 
showed that the median onset time of 
pulpal anaesthesia for articaine (2.0 min) 
was significantly shorter than for lidocaine 
(4.0 min) after buccal plus lingual infiltra-
tions. However, after articaine and lido-
caine buccal infiltrations, the median onset 
times were identical. This difference may 
be the result of the higher local volume 
after the buccal compared to the split tech-
nique masking any differences in the two 
solutions that may be apparent at lower 
volumes. Similarly, the more rapid onset of 
the lidocaine buccal infiltration compared 
to the split technique may be a reflection 
of the greater buccal dose in the former 
method. One study27 found that the onset 
times of pulpal anaesthesia in lower third 
molars after IANBs with articaine and lido-
caine were 0.93 min and 1.25 min respec-
tively. Costa and colleagues28 reported 
shorter onset times in the maxillary pos-
terior teeth when compared to the current 
mandibular study. This is probably because 
of differences in the cortical bone density 
and thickness between the upper and lower 
jaws. Oliveira and others29 found no sig-
nificant differences between articaine and 
lidocaine in the maxillary canine region 
(1 min versus 3 min respectively).

Several local anaesthetic trials have 
used VAS to measure discomfort after 
local anaesthetic injections.2,3,7,19,22,23 In 
the present investigation, there were 
no significant differences in the mean 
pain scores between 2%  lidocaine and 
4% articaine (both with 1:100,000 adren-
aline) or between the two methods of 
administration (buccal or buccal plus 
lingual). The only difference was that 
the lingual infiltration was more uncom-
fortable than lingual penetration used as 
the dummy injection. These outcomes 
are similar to those recorded in other  
clinical trials.30,31

Conclusions
When the number of episodes of no 
response to maximal pulp testing was 
considered as an indicator of anaesthetic 
efficacy, splitting the dose of local anaes-
thetic between buccal and lingual sides 
produced more episodes of anaesthesia 

of lower incisor teeth than a buccal dose 
alone. This was true for both articaine 
and lidocaine administration, however 
sustained anaesthesia did not differ  
between techniques.

4%  articaine with 1:100,000  adrena-
line was significantly more effective than 
2% lidocaine with 1:100,000 adrenaline 
in obtaining sustained anaesthesia in the 
mandibular incisors for each method of 
delivery investigated.
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