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The authors report a clinical trial designed to compare the discomfort produced by
plain and epinephrine-containing lidocaine solutions during local anesthesia in the
maxilla. Twenty-four healthy volunteers were recruited; each received buccal and
palatal infiltrations on each side of the maxilla in the premolar region. The solutions
were 2% lidocaine and 2% lidocaine with 1: 80,000 epinephrine. Allocation to side
was randomized and operator and volunteer were blinded to the identity of the
solutions. Volunteers recorded injection discomfort on a 100-mm visual analogue
scale (VAS). Volunteers were included in the trial if a score of at least 30 mm was
recorded for at least 1 of the matched pair of injections. Differences between treat-
ments were measured using Student's paired t test. Twelve volunteers recorded a
VAS score of at least 30 mm for 1 or both buccal injections, and 17 volunteers
reached this score for palatal injections. Buccal injection pain was less when the
plain solution was used (P = .04) and was not influenced by the order of the injec-
tion. Palatal injection discomfort did not differ between the solutions; however, the
second palatal injection was more uncomfortable than the first palatal injection (P
= .046). These results suggest that plain lidocaine produces less discomfort than
lidocaine with epinephrine when administered into the maxillary premolar buccal
sulcus in individuals who report moderate pain during this injection. Palatal injection
discomfort does not differ between these solutions.
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Anumber of factors may influence the discomfort of
dental local anesthetic injections. Parameters in-

dependent of technique but relating to materials that
might affect pain at delivery include the temperature and
the pH of the local anesthetic solution.' Buffering the
solution can reduce injection discomfort.' However, this
is impractical when using prefilled dental local anesthetic
cartridges. The pH of commercially available dental lo-
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cal anesthetic solutions varies.2 Therefore, pH-depen-
dent factors can be influenced by the choice of anes-
thetic; for example, plain lidocaine solutions have a pH
closer to physiological pH compared with those that
contain epinephrine. The goal of this investigation was
to determine whether epinephrine-free and epineph-
rine-containing lidocaine solutions differed in the dis-
comfort they produced during intraoral injection.

METHODS

A batch of 2-mL 2% plain lidocaine and a pack of 2%
lidocaine containing 1:80,000 epinephrine were sup-
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plied by the manufacturer (AstraZeneca, King's Langley,
Herts, UK). The cartridges were identical except for an

individual label on each cartridge that contained an iden-
tifying code number. The pH of a sample of each so-

lution from the same batch numbers was measured on

an electronic pH meter (Corning, Sudbury, Suffolk,
UK).

Twenty-four healthy young adults (14 men, 10 wom-
en) between the ages of 20 and 24 volunteered for this
trial after it was approved by the local ethics committee.
A power analysis dictated that a sample size of 24 adults
provided a 90% chance of detecting a 10-mm difference
in the visual analogue scales (VAS) at the 1% level. It
was predicted that not all volunteers would have their
data entered into the trial and that a level of significance
of 5% was acceptable. The power analysis dictated that
at the 5% level, there was a 90% chance of detecting a

10-mm difference in the VAS if 17 volunteers were in-
cluded and an 80% chance of detecting this difference
if half the volunteers were included.
Each volunteer received 4 injections at 1 trial visit.

The injections were as follows:

* Injection 1: 1.0 mL of solution injected over 30 sec-

onds following aspiration into the buccal sulcus in the
first premolar region on the right-hand side.

* Injection 2: 1.0 mL of solution injected over 30 sec-

onds following aspiration into the buccal sulcus in the
first premolar region on the left-hand side.

* Injection 3: 0.2 mL of solution injected over 10 sec-

onds following aspiration into the palatal mucosa dis-
tal to the second premolar on the right-hand side.

* Injection 4: 0.2 mL of solution injected over 10 sec-

onds following aspiration into the palatal mucosa dis-
tal to the second premolar on the left-hand side.

The same operator, who was blinded to the identity
of the solutions, gave all the injections. Thirty-gauge
short needles and aspirating syringes were used
throughout. No topical anesthetic was applied before
injection. The allocation of the cartridges was such that
each solution was injected at 1 of each pair of injections.
The order in which the solutions were administered was
randomized. The solutions used for injections 1 and 3
were determined independently by 2 tosses of a coin
(with injections 2 and 4 receiving the other solution).

Immediately after each local anesthetic administra-
tion, the volunteer recorded injection discomfort on a

continuous 100-mm VAS with endpoints "no pain" and
"unbearable pain." Because the sensitivity of acute pain
trials is dependent on the production of moderate pain,3
data were entered into the study only if one or both
scores in the pair (ie, a pair of buccal or a pair of palatal
scores) were at least 30 mm on the VAS. This score is

Mean VAS scores (mm) for buccal
and palatal injections
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Figure. Mean visual analogue scale (VAS) scores in mm for
each injection. Buccal epi indicates buccal infiltration with 2%
lidocaine with 1: 80,000 epinephrine; buccal plain, buccal in-
filtration with 2% lidocaine; 1st buccal, first buccal injection of
the pair; 2nd buccal, second buccal injection of the pair; pal
epi, palatal infiltration Awith 2% lidocaine with 1: 80,000 epi-
nephrine; pal plain, palatal infiltration with 2% lidocaine; 1st
pal, first palatal injection of the pair; and 2nd pal, second pal-
atal injection of the pair.

regarded as representing moderate pain.4 Pairs of injec-
tions where both entries were less than 30 mm were
rejected.

In order to compare the pain scores between the sex-
es, both buccal VAS scores for the 12 individuals in-
cluded were added to provide a total buccal pain score
for each volunteer (maximum possible score = 200).
Similarly, a total palatal pain score was determined for
each of the 17 individuals included in the palatal injec-
tion comparison.

Differences between solutions and order effects were
analyzed using Student's paired t test. Sex differences
were compared with Student's unpaired t test. Differ-
ences were considered significant when P -- .05.

RESULTS

The pH of the plain lidocaine solution was 6.6; the epi-
nephrine-containing solution's pH was 4.4.
Twelve volunteers (6 men, 6 women) recorded at least

one of their buccal injections at a minimum of 30 mm
on the VAS, and 17 participants (10 men, 7 women)
had palatal injection scores of at least 30 mm for one
injection. The results are shown in the Figure and Tables
1 and 2.
Buccal injection discomfort was less when the plain

solution was used. The mean difference between solu-
tions for buccal injections was 10 mm with a standard
error of 4.3 (t = 2.3; P = .04); for palatal injections
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Table 1. Buccal Injection VAS* Pain Scores (mm)

Epinephrine-containing
Volunteer Plain solution solution

1 27 33t
2 27t 55
3 73 81t
4 21 43t
5 22t 55
6 30 27t
7 21t 30
8 42 55t
9 17t 31
10 35t 30
11 48t 27
12 24t 40
Mean 32.25 42.25
SD 15.75 16.44

* VAS, visual analogue scale.
t = first injection of pair.

there was no significant difference between solutions,
the mean difference was 2.7 mm with a standard error
of 2.5 (t = 1.1; P = .29).
The difference between first and second buccal injec-

tions was not significant (t = 0.37; P = .72). However,
the second palatal injection was more uncomfortable
than the first (t = 2.17; P = .046).
There were no differences in the pain scores between

men and women. The mean + SD total buccal pain
scores for men and women were 66.5 ±+ 17.9 mm and
79.2 + 37.3 mm, respectively (t = 1.9; P = .09). The
mean + SD total palatal scores for men and women
were 103.5 + 30.8 mm and 91.3 +± 28.6 mm, re-
spectively (t = 0.84; P = .42).

DISCUSSION

A number of methods may be used to reduce the dis-
comfort of local anesthetic injections. These might in-
clude the application of topical anesthetics before nee-
dle penetration and a slow rate of injection. However,
there is little evidence in the literature that the various
methods proposed are reliable. Even the use of topical
anesthetics before injection is not found to be universally
effective.5

In addition to attention to technique, recommenda-
tions concerning the temperature and pH of the solu-
tion have been proposed as being important in relation
to injection discomfort.' There is evidence in the med-
ical literature that these factors influence injection
pain.6-8 However, there is little indication that they affect
discomfort during intraoral anesthesia. A number of
workers have shown that the temperature of the anes-

Table 2. Palatal Injection VAS* Pain Scores (mm).

Volunteer Plain solution
1 70t
2 57t
3 25t
4 22t
5 49
6 68
7 66
8 72
9 38
10 35
11 34
12 46
13 63t
14 39t
15 47t
16 32t
17 56
Mean 48.18
SD 16.14

* VAS, visual analogue scale.
t = first injection of pair.

Epinephrine-containing
solution

76
60
35
37
34t
61t
65t
75t
46t
29t
31t
59t
74
50
40
51
42t
50.88
15.86

thetic does not affect intraoral injection pain as long as
the solution is at or above room temperature.910 Simi-
larly, although it has been suggested that using solutions
with a pH closer to physiological should decrease injec-
tion discomfort, there is little evidence in the dental lit-
erature that this occurs during intraoral anesthesia. Oi-
karinen et al'0 noted that in volunteers, the injection into
the maxillary buccal sulcus of 3% mepivacaine solutions
of different pHs produced different levels of pain; the
solution with the lower pH produced more discomfort.
On the other hand, Primosch and Robinson" reported
the results of a volunteer investigation that showed no
difference in injection discomfort during maxillary buccal
infiltrations and palatal injections in the permanent ca-
nine region with buffered lidocaine solutions.

It is apparent to those who administer dental local
anesthetics that injection discomfort varies in different
areas of the mouth. The sites used in this investigation
were chosen because it was believed that they would
produce different levels of injection discomfort. The buc-
cal sulcus in the premolar area is usually considered a
relatively comfortable region for local anesthetic admin-
istration. In this investigation, 50% of the volunteers did
not achieve an injection discomfort score that merited
inclusion in the study, rating the injection pain as mild.4
The palatal region, however, is considered more uncom-
fortable. In the present study, only 7 of the 24 subjects
considered palatal injection pain to be mild for both so-
lutions.
The present study was designed to determine the in-

fluence of the choice of different commercially available
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local anesthetic solutions on injection discomfort at 2
sites in the mouth. All other parameters were standard-
ized. The results of this investigation show that different
anesthetic solutions can affect discomfort for some in-
jections in those patients who report more than mild
pain. Buccal infiltration pain was less when plain lido-
caine was used. The plain solution had a pH closer to
physiological than the epinephrine-containing anesthet-
ic. These findings are in agreement with those of Oi-
karinen et al.10 The differences in pain scores between
solutions may be attributed to their different pHs, al-
though the design of this study was such that it could
not rule out other effects that epinephrine might pro-
duce. However, Oikarinen et al'° noted that the addition
of epinephrine to mepivacaine solutions did not signifi-
cantly affect injection pain. Similarly, McKay et al7 not-
ed that the addition of epinephrine to lidocaine without
alteration of the pH did not increase discomfort during
subcutaneous injections, whereas buffering of lidocaine
solutions did reduce perceived pain. The present results
differ from those of Primosch and Robinson.10 This may
be because of the different sites of injection. In the pre-
sent study and in the study reported by Oikarinen et al,'0
buccal infiltrations were given in the maxillary premolar
region, whereas in the Primosch and Robinson" inves-
tigation, injections were given in the maxillary canine
region. Submucosal tissues are looser in the more pos-
terior region, which may account for the difference. In
addition, the rate of injection in this study was the same
as that used by Oikarinen et al,10 whereas the rate by
Primosch and Robinson" was not as slow. Another dif-
ference between the present study and the study re-
ported by Primosch and Robinson" was that in the lat-
ter study the perceived pain scores of their 10 volun-
teers during buccal infiltration were low (the mean pain
being less than that considered moderate in intensity).
In the present study, only individuals who recorded pain
that was classified as moderate4 were included in the
trial because the sensitivity of visual analogue scales de-
pends on the production of moderate pain.3

In agreement with the findings reported by Primosch
and Robinson," this study found no significant differ-
ence between solutions for palatal injections. This dif-
ference between buccal and palatal injections may be
attributed to the factors that produce injection discom-
fort at different sites. During palatal anesthesia, the pain
may be mainly a result of pressure because of the rela-
tively noncompliant nature of this tissue.12 In the buccal
sulcus, the loose nature of the submucosal tissues may
cause solution-dependent factors such as the pH to have
a greater influence on perceived discomfort. The results
of this study add support to this belief.

Although the results of this investigation suggest one
benefit for the use of plain lidocaine solutions, this local

anesthetic is not recommended for definitive anesthesia
of the teeth. A number of studies have shown that epi-
nephrine-containing local anesthetics provide longer-
lasting and more profound pulpal anesthesia compared
Awith plain solutions when injected by various methods
intraorally.13-6 Therefore, lidocaine with epinephrine is
preferred as the definitive anesthetic. Plain solution may
produce satisfactory soft tissue anesthesia,'6 but the du-
ration may be shorter than that obtained with vasocon-
strictor-containing solutions.17
Although the results of this study demonstrate a re-

duction in perceived discomfort when a plain lidocaine
solution is used, it is important to point out that this
finding relates to those individuals who find buccal infil-
tration anesthesia moderately painful. It is also impor-
tant to point out that injection pain was not completely
eliminated when the plain solution was used.

Consideration of the data presented in the Figure and
Tables 1 and 2 might be used to confirm the clinical
impression mentioned earlier that palatal injections ap-
pear to be more uncomfortable than buccal infiltrations.
However, such a conclusion cannot be drawn using the
present results because the palatal injections were al-
ways given after the buccal administrations. Thus, an
order effect cannot be excluded. Indeed, an order effect
is apparent in relation to the palatal injections. The fact
that palatal injection pain was dependent on the order
of injection confirms results of other investigations of
intraoral injection discomfort. For example, Martin et
al'8 found that patients who received bilateral buccal in-
jections in the maxillary premolar region reported the
second injection to be significantly more uncomfortable
than the first administration. This suggests that the best
chance of obtaining comfortable anesthetic delivery is at
the first injection. Thus, choosing an area where such a
possibility exists as the first site of injection is to be en-
couraged. If further administrations can be delivered into
areas where the initial anesthetic has spread, the overall
pain experience for the patient might be reduced.
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