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ARTICLE INFO ABSTRACT

Keywords: Objectives: Prolonged soft tissue anesthesia following a dental appointment is a complaint that is frequently
Anesthetics reported by patients. Soft tissue anesthesia generally exceeds the duration of pulpal anesthesia by a few hours.
Reversal This can lead to difficulties with smiling, drinking, speaking and lip/cheek biting following dental appointments.
Lidocaine

Phentolamine Mesylate (PM) is a pharmacological agent capable of reducing the duration of soft tissue an-
esthesia following dental treatments. Many clinical trials supporting its efficacy have used sham injections
compared to injections with PM. The present study aims to evaluate the effect of PM on the duration of soft tissue
anesthesia compared to a control injection of saline water.
Methods: This randomized controlled trial recruited 40 participants above 18 years of age. Following an inferior
alveolar nerve block using 1.8 ml of Lidocaine 2%, 1:100 000 epinephrine, participants were randomized into
one of 2 groups. The test group received an injection of 0.4 mg PM (OraVerse). Participants in the control group
received an injection of sterile saline water. Participants were trained in self-assessing their anesthesia, which
they did until return to normal sensation.
Results: Thirty-six participants completed the study. PM significantly reduced the duration of soft tissue an-
esthesia in the lower lip (104 vs 170 min, p = .001), and tongue (83 vs 134 min, p = .004) compared to the
control injection. No serious adverse events were encountered. The only adverse events observed were post-
operative pain and discomfort.
Conclusions: Phentolamine Mesylate hastens the return to normal soft tissue sensation and function by ap-
proximately one hour compared to a control injection of water.
Clinical significance: Phentolamine Mesylate can be considered a safe and effective way of reducing the duration
of soft tissue anesthesia following a dental appointment.

This controlled clinical trial is registered at the National Institutes of Health (ClinicalTrials.gov)
#NCT02861378.

Phentolamine Mesylate
Clinical trial

1. Introduction

Local anesthesia is an important part of outpatient dentistry. On
average, dentists use 1800 cartridges of local anesthetic per year [1]. In
the United States, it is estimated that 300 million cartridges of local
anesthetic are used yearly [2]. Lidocaine is the most commonly used
dental anesthetic [3]. When using Lidocaine, although pulpal an-
esthesia is maintained for an average of 60 min, soft tissue anesthesia
persists much longer and usually lasts between 180 and 300 min [2].
Conversely, the average dental appointment is only 51 min long [4,5].
Therefore, many patients experience persistent lip, cheek and tongue
numbness for 2 or more hours following their dental appointment. This
could result in discomfort, as well as difficulties eating, drinking and
speaking. While anesthetized, patients are also at risk of self-injury by
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inadvertently biting their soft tissues. This risk is especially significant
in the pediatric dental population for which the incidence of soft tissue
injury following dental local anesthesia is 13% [6,7].

While ongoing soft tissue anesthesia may be beneficial when sur-
gical procedures are done, it has no benefit in restorative dentistry
when only tooth structure is altered. The discomfort and risks asso-
ciated with undesirable long-lasting soft tissue anesthesia have been
acknowledged for a long time and various alternative anesthesia and
reversal techniques have been evaluated. In the 1980’s transcutaneous
electrical nerve stimulation (TENS) was evaluated for the purpose of
inducing intra-oral local anesthesia as an alternative to injections [6].
This method did not produce reliable results and was therefore con-
sidered not clinically relevant. However, another electrical nerve sti-
mulation technique known as Electronic Dental Anesthesia (EDA) was
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shown to reduce soft tissue anesthesia following anesthetic injections
by two probable mechanisms: vasodilation and skeletal muscle con-
traction [6]. Nevertheless, the technique fell out of favor because its
efficacy was not consistent, and it was difficult to place the electrodes
intraorally [6]. In more recent years it has been suggested that Phen-
tolamine Mesylate (PM) may be a reliable way of reducing the duration
of soft tissue anesthesia in dentistry. PM is a nonselective competitive
alpha-adrenergic antagonist, which has been shown to reduce vaso-
constriction and to ultimately lead to vasodilation [6,8]. Phentolamine
Mesylate has been used in the United States since 1952 for reversal of
accidental extravasation of catecholamines during intravenous admin-
istration, prevention of hypertensive episodes, treatment of nor-
epinephrine-related dermal necrosis, and for the diagnosis of pheo-
chromocytoma [6,9-12].

An injectable dental formulation of the drug (OraVerse, Septodont,
Lancaster PA) was approved in 2008 by the U.S. Food and Drug
Administration (FDA) as a reversal agent for intra-oral local anesthesia
and has been sold in the United States since February 2009 [13,14].
OraVerse has also been approved for use in Canada since September
2014 [15]. OraVerse is packaged in a standard dental carpule and
contains 0.4 mg of Phentolamine Mesylate in 1.7 ml of saline water. It is
indicated for use following the completion of the traumatic portion of
dental appointments in the same volume, site and injection technique
as the local anesthetic previously deposited [8,11]. Due to the vasodi-
lation that will occur in the area following its use, it is postulated that
its mechanism of action is an increase in blood flow removing the an-
esthetizing agent from the area [6,8,11].

Several clinical trials have evaluated the efficacy of PM on adults
and children. These studies generally observed a statistically significant
reduction in the duration of soft tissue anesthesia for participants re-
ceiving injections of PM compared to controls. In the adult population,
the reduction in the duration of soft tissue anesthesia for the maxillary
lip and cheek has been found to be between 60 and 88 min, while for
the mandibular lip the reduction was between 47 and 105min
[10,16-18]. In children, a median reduction in recovery time of ap-
proximately 100 min was found for the lower lip [19,20]. Results from
these studies have shown that PM is efficacious and well tolerated in
both adults and children. Local and systemic toxicity were evaluated
histologically in beagle dogs and clinical trials have been conducted to
assess the safety of PM on both adults and children [10,12,16,19,21].
No serious adverse events were reported. On the contrary, it was found
that there was a significant reduction in the incidence of self-induced
soft tissue trauma in the pediatric population when using PM to reverse
anesthesia [20].

According to existing literature, PM is therefore safe and effective at
reducing the duration of soft tissue anesthesia. However, one major
flaw in the design of most of these studies is their lack of a true control
injection. Except for one study, all other published investigations used a
sham injection as the control. Only one study, conducted by the drug
manufacturer, used a control injection. However, the protocol and
control injectable used were not reported in detail [16]. Also, in this
study, different treatments were done, different quantities of anesthetic
were used, and different amounts of time passed between the anesthetic
injection and the injection of PM or control, but these factors were not
used as covariates in the statistical model. Currently, no published
study has compared the outcome of an injection of 0.4 mg Phentola-
mine Mesylate to a control injection of saline water, while standar-
dizing treatments and controlling for time between the anesthetic and
reversal or control injections. A control injection using sterile physio-
logic water would help differentiate whether PM is the main reason for
reduced perceived soft tissue anesthesia, or if other factors such as
placebo effect or an increase in water volume at the site are con-
tributory. Therefore, there is a need for a controlled clinical trial
comparing the difference in the duration of soft tissue anesthesia fol-
lowing an injection of PM to a control injection of sterile physiologic
water.
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The objective of this study was therefore to compare the time to
return of normal soft tissue sensation and function for participants re-
ceiving an inferior alveolar nerve block (IANB) using Lidocaine 2%,
1:100,000 epinephrine followed by an injection with either 0.4 mg
Phentolamine Mesylate or normal saline (control). The null hypothesis
was that no difference would be present between both groups.

2. Materials & methods

Dentistry and dental hygiene students being trained in dental an-
esthesia at the Dalhousie University Faculty of Dentistry were invited to
participate in this randomized placebo-controlled trial. The study was
approved by the Dalhousie Research Ethics Board (#2015-3515) and
registered at the National Institutes of Health (#NCT02861378). All
participants were 18 years of age or older and were capable of pro-
viding informed consent. Exclusion criteria included any medical his-
tory contraindicating the use of epinephrine, use of opioid or opioid-
like analgesic intake in the 24 h preceding the clinical trial and preg-
nancy. The researchers, participants, clinician and statistician were all
blinded to the group allocation.

The study took place between November 2015 and January 2016.
Forty participants were enrolled in the study by BF. Each received an
inferior alveolar nerve block using 1.8ml of 2% Lidocaine with
1:100,000 epinephrine. Any participants who did not achieve profound
anesthesia were withdrawn from the study prior to randomization.
Following confirmation of anesthesia 38 participants were randomized
to either the PM or control group by BF using 40 numbered opaque
envelopes. These envelopes contained the letter ‘A’ or ‘B’ and were
prepared by MB. To design these envelopes, a computerized random
number generator was used to generate 7 randomly permuted blocks,
with a block size of 6. Within each block, an equal number of subjects
were allocated to the two treatment groups (‘A’ or ‘B’). These referred to
either PM group or Control group, but this information was withheld
until the statistical analyses were completed. Unlabeled 3 ml disposable
syringes (BD Luer-Lok) with a 25-gauge needle (BD PrecisionGlide)
were used to perform all injections of PM and saline. To maintain study
blinding, the clinic nurse (who possessed the randomization key) pre-
prepared the syringes and labeled them ‘A’ and ‘B’. The prepared syr-
inges contained 1.7 ml of either 0.4 mg PM in saline water (OraVerse)
or normal sterile saline. One person (BF) performed all injections of PM
or sterile saline. The PM or control solutions were injected in the same
site as the initial injection over a period of 1 min. The time elapsed
between the first (anesthetic) and second (PM or control) injections was
recorded. Other than the injections of Lidocaine and PM or saline, no
dental treatments were done in these participants.

Prior to receiving any injections, participants were trained in self-
assessment of soft tissue anesthesia using finger palpation and tapping
with comparison with the non-anesthetized side. Participants self-
evaluated the time to return to normal sensation and function at
10-minute intervals using a questionnaire.

A sample size of 17 individuals per group was needed to detect a
large effect size (f* = 0.5) with an alpha error of 0.05 and a power of
80%. The target sample size was increased to 20 per group to com-
pensate for potential drop-outs and failures to reach profound an-
esthesia. The primary outcome measures were the time to return to
normal sensation in the lip and tongue as well as normal speaking,
drinking and smiling. An ANCOVA model was used to compare the time
needed for return to normal sensation and function between treatment
groups while controlling for the time between the injection of the an-
esthetic solution and the injection of PM or control. A secondary out-
come measure was the occurrence of any adverse events. Pearson Chi-
Square analysis was used to compare the rate of adverse events between
the intervention and control groups. All statistics were conducted be-
fore the randomization code was revealed.
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Fig. 1. Participant flow diagram.

3. Results
3.1. Participants

Forty participants were recruited. Two participants were excluded
prior to randomization because of failed anesthesia following the in-
jection of Lidocaine, and 2 participants were considered lost to follow-
up as they failed to monitor their return to normal sensation and
function. Therefore, 19 participants in the PM group and 17 partici-
pants in the control group completed the trial. The Participant Flow
Chart is reported in Fig. 1.

3.2. Efficacy
The mean recovery time was significantly shorter in the PM group
for all measures of sensation and function (p < .02) (Table 1). Using PM

instead of saline, the mean recovery time for sensation was reduced by

Table 1
Mean duration of soft tissue anesthesia in minutes.

N =36 Oraverse Saline water Mean P-value
Adjusted Mean (SE,  Adjusted Mean (SE, difference
[95% CI]) [95% CI])

Lower Lip 104.4 (13.4, 170.1 (13.8, 66 .001
[77.0-131.8]) [141.9-198.3])

Tongue 83.1 (11.7, 133.9 (12.4, 51 .004
[59.2-106.91) [108.6-159.2])

Smiling 96.1 (14.6, 150.7 (15.9, 55 .020
[66.4-125.8]) [118.3-183.1])

Drinking 104.4 (15.8, 169.6 (16.2, 66 .010
[72.3-136.6]) [136.6-202.6])

Speaking 72.0 (14.4, 139.5 (15.7, 68 .012

[42.6-101.4]) [107.4-171.5])
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66 min for the lower lip (104 vs 170 min, p = .001) and 51 min for the
tongue (83 vs 134 min, p = .004). The reduction in time for recovery of
function was 55 min for smiling (96 vs 151 min, p = .020), 66 min for
drinking (104 vs 170 min, p = .010), and 68 min for speaking (72 vs
140 min, p = .012). PM was well tolerated with no serious adverse
events. The only adverse events observed were post-injection dis-
comfort or pain, with 12 (63%) occurrences in the test group and 7
(41%) occurrence in the control group. However, the difference was not
statistically significant (p = .187).

4. Discussion

The main objective of this randomized placebo-controlled trial was
to investigate whether there is a difference in the time to return to
normal soft tissue sensation and function following an injection of ei-
ther PM or sterile saline water, in soft tissues anesthetized with
Lidocaine 2% 1:100,000. Results show that PM significantly reduces the
duration of soft tissue anesthesia following an inferior alveolar nerve
block of 2% Lidocaine 1:100,000 epinephrine when compared to an
injection of physiologic water. This study is unique in that it is the first
study that compares the efficacy of Phentolamine Mesylate with a le-
gitimate control injection of saline water as opposed to a sham injec-
tion. A phase 2 study [16] compared PM to a control injection, but there
was no standardization in treatment and dosage, it is unsure what was
injected in the control group, and the time between the first and second
injections was not used as a covariate in the analyses.

Based on the results obtained, the null hypothesis was rejected. The
current study does lend support to the previous clinical trials suggesting
that PM is effective at reducing the duration of soft tissue anesthesia.
Previous clinical studies on adult populations found a mean reduction
in time for mandibular lip anesthesia of 47 to 105 min [10,16-18]. This
study found that there was a mean reduction of 66 min for the lower lip
and 51 min for the tongue. Interestingly, despite the nature of the
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control (sham injection versus true control injection), similar findings
were seen. This may draw into question the superiority of true control
injection when compared to sham injections. Several clinical trials have
also evaluated the safety and efficacy of PM on populations of both
adults and children and found that there were no serious adverse events
or significant pain associated with a second injection [10,12,16,19].
This study supports those findings as there were no serious adverse
events reported. Post-injection pain and discomfort were observed, but
there was no difference between both groups. It could be argued that if
dental treatments took place in these participants, results may have
been different and post-operative pain could have been observed.
However, in previous studies where patients received dental treatments
before PM was injected, similar results were obtained [10,12,16,19].
This may be explained because only simple restorative treatments were
done in these studies and no post-operative soft tissue pain and dis-
comfort was expected.

This study has some limitations. The first is that following an-
esthesia, no actual treatment was done on any of the patients and the
reversal injection was administered, on average, only 21 min after the
anesthetic was injected. If the reversal injection was given after the
average appointment time of 51 min, it is possible that different results
may have been observed in terms of reduction of time being anesthe-
tized. Secondly, because it was essential that both the patient and op-
erator were blind to the group allocation, disposable syringes marked as
‘A’ and ‘B’ were used rather than dental syringes that would typically be
used in private practice. However, it is unlikely that this factor would
alter the results significantly. Thirdly, for many of these participants it
was the first time that they had received a dental anesthesia and
therefore they may not have been as adept at assessing their anesthesia
as participants with more experience of dental anesthesia. These par-
ticipants may also have been more prone to report pain and discomfort.
Finally, the time elapsed between the injection of anesthetic agent and
the injection of PM or control varied between participants (ranging
from 10 to 61 min). Time elapsed after the injection of anesthetic so-
lution has a direct relationship on the remaining time before anesthesia
wears off. To mitigate this limitation the time elapsed between the
anesthesia and reversal injections was considered in the statistical
analyses by including it as a covariate in the ANCOVA model.

While prolonged soft tissue anesthesia is beneficial following
treatments when soft tissue pain and discomfort is expected (i.e. peri-
odontal treatments and surgeries), it is undesirable following most re-
storative dental treatments. When using 2% Lidocaine with 1:100 000
epinephrine, soft tissue anesthesia is known to linger for an average of
120-240 min longer than pulpal anesthesia [2]. Reversing soft tissue
anesthesia using Phentolamine Mesylate could be beneficial for these
patients. Lidocaine can maintain pulpal anesthesia for 60 min [2].
Unfortunately, for treatments requiring more than 60 min of pulpal
anesthesia, this relatively short duration can lead to the loss of an-
esthesia before the end of the interventions and multiple anesthetic
injections could be needed to mitigate pain. To avoid this situation,
long-acting local anesthetics that can achieve pulpal anesthesia lasting
up to 3 h could be selected [2]. Still, these anesthetics are not often used
for non-surgical procedures due to their very long soft tissue anesthesia
that could outlast treatments by several hours [2]. Clinical trials have
shown Phentolamine Mesylate to be effective at reducing the duration
of local anesthesia with different dental anesthetics [4,8,10,17,19].
However, to date no study has investigated the efficacy of PM to reverse
long-lasting anesthetic agents. An important future research opportu-
nity beyond the scope of this study is to test the effectiveness of PM on
reversing anesthesia induced by long-lasting local anesthetic solutions.
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5. Conclusion

Within the limitations of this study, it can be concluded that fol-
lowing an inferior alveolar nerve block with 1.8 ml of 2% Lidocaine
with 1:100,000 epinephrine, Phentolamine Mesylate hastens the return
to normal soft tissue sensation and function by approximately one hour.
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