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Clinical Relevance

A light-cured anesthetic gel is an excellent alternative to decrease pain when used with a
rubber dam clamp to restore noncarious cervical lesions.

SUMMARY

Objectives: To evaluate the efficacy of a new

light-cured anesthetic gel for pain control in

adults undergoing rubber dam isolation for

the restorative treatment of noncarious cervi-

cal lesions (NCCLs).

Methods and Materials: This study was a

randomized, split-mouth, triple-blind, con-

trolled trial. The sample comprised 50 adults
with at least one pair of NCCLs located in the
same arch but on opposite sides. Simple ran-
domization defined the tooth to receive the
light-cured tetracaine-based anesthetic gel or
the placebo gel. After cotton roll isolation, the
gels were applied in the gingival tissue around
the tooth with the aid of the applicator tip of a
syringe, left in place for 15 seconds, and light-
cured for 15 seconds. Then, a #212 clamp was
positioned on the tooth. If the patient reported
pain, the clamp was removed, the patient filled
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out a pain intensity form (a 0-10 visual analog
scale [VAS] and a 0-4 verbal rating scale [VRS])
and an injectable anesthetic was applied be-
fore rubber dam isolation for the restorative
procedure. The absolute risk, intensity of pain,
and need for rescue anesthesia were analyzed
by the McNemar test and the Wilcoxon signed
rank test (a=5%).

Results: The odds ratio [OR] for pain (OR=3.5;
95% confidence interval [CI]=1.1 to 14.6;
p=0.03) showed lower reports of pain for the
light-cured anesthetic gel. One in five patients
will benefit from placement of the light-cured
anesthetic gel. On average, pain intensity was
one VAS unit lower in those using the light-
cured anesthetic gel than in those using the
placebo gel. For the VRS, the pain intensity for
the light-cured anesthetic gel was 0.4 units
lower than the pain intensity for the placebo
gel (95% CI=–0.9 to 0.07). The OR for rescue
anesthesia was 2.5 (95% CI=0.7 to 10.9; p=0.18).

Conclusions: The light-cured, tetracaine-based
anesthetic gel reduced the absolute risk of
pain by 20% in NCCLs.

INTRODUCTION

The use of restorative treatment for noncarious
cervical lesions (NCCLs) has increased, especially
in the elderly population, as the occurrence of
NCCLs has increased.1,2 For instance, in the Chi-
nese population, the occurrence of NCCLs was
reported to be 63%.3 This high proportion of patients
with NCCLs increased the use of restorative treat-
ment for these specific lesions.4

Restorative treatment can be performed with
different restorative materials,5-7 but adhesive sys-
tems and composite resins are the most commonly
used because of their superior esthetic properties.8

However, adhesive systems are sensitive to moisture
and contaminants, such as saliva,9 gingival fluid,
and blood.9-11 Adequate moisture control can be
achieved with rubber dam isolation, which avoids
external contamination and may improve the per-
formance of restorations.12-14

Unfortunately, a rubber dam is kept in place by a
metal clamp that also aims to retract the gingival
tissue to expose the gingival margin of the NCCL.
This procedure may be painful and may require the
use of local anesthesia for the patient’s comfort
during the procedure.15 A recent study demonstrated
that approximately 70% of the patients undergoing

restorative treatment of NCCLs required anesthesia
for clamp placement.11

The problem is that approximately 18% of patients
are ‘‘very much’’ afraid of needles,16 which can be an
obstacle for restorations of NCCLs under rubber dam
isolation. Apart from that, the numbing produced by
the injectable anesthesia, the pain during puncture,
and its longer duration are additional disadvantages
that lead patients to dislike injectable anesthesia.17,18

The restorative procedure in NCCLs is usually
performed quickly and is not painful as the procedure
usually does not require cavity preparation. There-
fore, topical anesthesia could be an alternative to
produce analgesia for clamp placement.

Topical anesthetics have been used in dentistry to
alleviate patient fears and provide pain control.15

There are some commercially available topical anes-
thetics. They are suitable to replace injectable anes-
thesia in some dental procedures, such as probing,19

scaling and root planning,20-22 clamp placement in
children.23,24 and placement of mini-implants in
orthodontics.25 However, these products have a very
short duration of action (10-15 minutes),26-28 they flow
to the neighboring areas causing an unpleasant
anesthesia sensation, and they can be easily washed
out by saliva.23,29,30 Thus, it would be interesting to
develop an anesthetic gel capable of overcoming these
disadvantages and replacing injectable anesthesia.

This article presents an alternative for topical
anesthesia based on a newly developed light-cured
anesthetic gel. We developed a topical light-cured
anesthetic gel using a more potent anesthetic salt
than those used in the commercially available
products. This triple-blind, randomized clinical trial
evaluated the efficacy of this new light-cured
tetracaine-based anesthetic gel compared with a
placebo on the risk and intensity of pain in adults
undergoing clamp placement for rubber dam isola-
tion before treatment of NCCLs.

METHODS AND MATERIALS

Protocol Registration

We registered this research protocol in the Brazilian
clinical trials registry (REBEC) under identification
number RBR-6HXHX7. The article was written based
on the CONSORT (Consolidated Standards of Report-
ing Trials) statement for randomised trials.31

Trial Design, Settings, and Data Collection
Locations

We conducted a triple-blind, randomized, split-
mouth, placebo-controlled clinical trial with an equal
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allocation ratio. The study was performed from
September 18, 2015, to November 11, 2016, in the
dental clinics of the School of Dentistry of the local
university.

Recruitment

The participants in the clinical trial (convenience
sample) presented themselves for treatment at the
School of Dentistry at the local university. No type of
advertisement was done in any type of media.

Eligibility Criteria

For inclusion in the trial, participants had to be at
least 18 years old and have good general and oral
health. The participants had at least one pair of
NCCLs, without undercuts, that needed restorative
treatment to avoid excessive dental wear and to
eliminate hypersensitivity. These lesions were locat-
ed in the same arch, but on opposite sides, and the
gingival margin had a similar size, depth, and
location.

Participants were excluded if the teeth with the
NCCLs were endodontically treated. Participants
with gingivitis, periodontitis, dental mobility, and
bruxism habits were also excluded, as were adults
with a history of sensitivity or allergic reaction to
ester-based anesthetics.

Sample-size Calculation

The primary outcome of this study was the absolute
risk of pain caused by clamp placement. The risk of
pain caused by clamp placement was reported to be
70% in an earlier study.11 Therefore, at least 40
patients were required to detect a difference in pain
risk of 30% with a power of 80% and a significance
level of 5%. All calculations for determining the sample
size were carried out with a freely available online
program for this purpose (www.sealedenvelope.com).

The sample-size calculation did not account for
potential correlation between the paired treatment
outcomes. This approach resulted in a larger sample
size than if the correlation coefficient between
treatment outcomes was not zero. We took this
approach because published within-person trials do
not report this correlation coefficient; thus, we opted
to be conservative.

Random Sequence Generation and Allocation
Concealment

The gel to be used in each tooth was determined by
simple randomization. The random sequence was

generated from the same website used for sample-
size calculation (www.sealedenvelope.com) by an
investigator who was not involved in implementing
the study.

The random sequence generated was individually
placed in opaque, consecutively numbered, and
sealed envelopes, which were only opened by the
operator immediately before the intervention. The
envelope contained the group to be used in teeth
located in the quadrant with the lowest two-digit
World Dental Federation (FDI) numbering system,
while the opposite-side teeth received the alternative
treatment.

Blinding

This was a triple-masked clinical trial, in which the
patient, operator, and statistician were blinded to
the group assignment. Delivery and guidance on the
administration of the light-cured gels was performed
by a researcher not involved in the implementation.

A single investigator prepared the topical light-
cured tetracaine-based anesthetic gel following the
description of the patent (BR 10 2016 007724 9).32

The placebo gel was formulated similarly, following
all the steps of the light-cured tetracaine-based
anesthetic gel except for inclusion of the anesthetic
salt. The light-cured gels were formulated in the
Pharmacy School of the local university with the
following reagents: tetracaine hydrochloride (5%),
inhibitors, monomers, photoinitiators, coinitiators,
dyes, and inert filler. The gels had a viscosity similar
to that used in light-cured gingival barriers used for
in-office bleaching. The anesthesia produced by the
gel took approximately 40 minutes, reaching peak 10
minutes after application.

Both gels were transferred to dark syringes to
avoid contact with light and to prevent foreknowl-
edge of the group assignment during application.
The syringes were marked only with numbered
codes so that neither the operators nor the patients
could identify them.

Study Intervention

One researcher was responsible for applying the gels
and placing and adapting the rubber dam clamp.
Another researcher was responsible for the restor-
ative treatment. First, patients were instructed
about all the steps of the treatment and the possible
sensations they could experience during clamp
adaptation. We made it clear that if there was any
objectionable discomfort, an injectable anesthesia
would be applied.
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The side of the dental arch to be treated was
isolated with cotton rolls and saliva ejectors, and
the anesthetic gel or placebo gel was placed, with
the aid of a syringe tip, in the gingival tissue around
the tooth to be restored. The gel was placed 2 mm
away from the gingival margin and extended
approximately 2 mm beyond the gingival margin
on both sides (facial and lingual). The gel was left in
place for 15 seconds and then light-cured for 15
seconds with a light-emitting diode light-curing
unit (Radii-cal, SDI, Bayswater, Australia) set at
1200 mW/cm2. A #212 clamp (Duflex-SS White, Rio
de Janeiro, Brazil) was positioned with a door-
clamp gripper for adaptation check. At this mo-
ment, we asked the patient if he or she felt pain or
discomfort. If the answer was positive, the clamp
was removed, the intensity of pain/discomfort was
recorded (as described in the next section), and an
injectable anesthesia (2% lidocaine with epineph-
rine 1:100,000; Alphacaine; DFL, Rio de Janeiro,
Brazil) was applied. The rubber dam was then
installed and the clamp placed. Placement of the
anesthetic gel did not interfere with clamp place-
ment.

For restoration placement, the enamel surface was
etched with 37% phosphoric acid for 15 seconds
(Condac 37; FGM, Joinville, Brazil), followed by
water washing (15 seconds) and drying with an air
stream (10 seconds) keeping the dentin moist. Two
coats of the two-step etch-and-rinse adhesive Ambar
(FGM) were applied and the solvent evaporated with
an air stream for five seconds. The adhesive was
light cured for 20 seconds with the same light curing
device. The composite resin Opallis (FGM) was
incrementally placed and each increment light-cured
for 20 seconds. The restorative steps were performed
by a calibrated investigator.

Assessment of the Outcome

All outcomes were measured just after placement of
the #212 clamp, as it is the most critical phase in
terms of pain sensation during the procedure. The
odds of having pain (yes or no) was obtained for each
group and organized in a 2 3 2 table for paired data
to allow the calculation of the odds ratio. Pain
intensity was further evaluated using two different
pain scales:

1. Visual analog scale (VAS)33: This scale is a 10-cm
horizontal line labeled from 0 to 10, where 0 = no
pain and 10 = unbearable pain. The patient
marked the intensity of the pain with a vertical
line across the horizontal line of the scale. Then,

the distance in millimeters from 0 to the vertical
marked line was measured with the aid of a
millimeter ruler.

2. Verbal rating scale (VRS)20,34,35: The patient was
asked to indicate the numeric value of the degree
of pain using a five-point numeric rating scale in
which 0 = none, 1 = mild, 2 = moderate, 3 =
considerable, and 4 = severe.

Statistical Analysis

We performed the analysis following the intention-
to-treat protocol, and we involved all participants
who were randomly assigned.31 We compared the
odds of pain and need for rescue anesthesia for both
groups using the McNemar test (a=0.05). We
calculated the odds ratio (OR) of pain and the need
for rescue anesthesia along with the confidence
interval (CI) for the effect size. Correlation coeffi-
cients were calculated using the Spearman correla-
tion for data on risk of pain and for rescue
anesthesia.

We performed the comparison of pain intensity
(VAS and VRS) using the Wilcoxon signed-rank test,
as data did not follow normal distribution. Correla-
tion coefficients for the paired data for each outcome
were calculated. In all statistical tests, the signifi-
cance level was set at 0.05. We performed all
analyses by using the software Sigma Plot version
11.0 (Systat Software Inc, San Jose, CA, USA).

RESULTS

Characteristics of Included Participants

Clinical dental examinations were performed for a
total of 120 adults; 50 met the eligibility criteria
(Figure 1). Patient age ranged from 25 to 66 years
(mean age, 40.461.0 years); the percentage of men
was 40% , and the most treated teeth were the two
lower first premolars (FDI two-digit notation: teeth
number 34 and 44), which represented 36% of the
sample.

Adherence to the Protocol and Dropouts

Treatment was performed on all participants who
qualified, and no missing data were observed. Figure
1 depicts the flow diagram for the different phases of
the study design.

No patient felt pain during the restorative
procedure and the light-cured gel was not reap-
plied during any restorative procedure. The re-
storative procedure took approximately 2065
minutes.
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Odds and Intensity of Pain

The absolute risk of pain in the side where placebo
was applied was 56% (95% CI=42% to 68%); while
for the anesthetic gel it was 36% (95% CI=24% to
50%) with an absolute risk difference of 20% (95%
CI=0.5% to 37%). The number needed to treat was
five, meaning that one patient will not report pain
for every five patients being treated.

A total of 28 patients presented pain in the placebo
group, and from this total, 14 patients reported pain
exclusively in the side where the placebo gel was
applied, immediately after the placement of the #212
clamp.

When the light-cured tetracaine-based anesthetic
gel was used, the number of patients who reported
pain was only 18. In comparative terms between
groups, the OR for pain (Table 1; OR=3.5; 95%
CI=1.1 to 14.6) was on average 3.5 times lower for
the light-cured tetracaine-based anesthetic gel, and

a statistically significant difference between groups

was detected (Table 1; p=0.03).

The phi correlation coefficient using the Spearman

test for pairs of binary data was low but significant

(–0.2; p=0.04).

Pain Intensity

Pain intensity was positively correlated in both

groups. The correlation was moderate for the VAS

scale (Table 2, r=0.50; p,0.0001) and weak for the

VRS scale (Table 2; r=0.43; p=0.001). The mean

differences in pain intensity between light-cured

tetracaine-based anesthetic gel and placebo gel

groups were significant for both scales (VAS: Table

3; p=0.005 and VRS: Table 3; p=0.015). On average,

pain intensity reduction was small, being one VAS

unit lower in the light-cured tetracaine-based anes-

thetic group compared with the placebo group (95%

CI=–2.3 to –0.3; Table 2). For the VRS scale, the

Figure 1. Flow diagram of the split-
mouth clinical trial, including detailed
information regarding the excluded
participants.

Table 1: Matched Tabulation of Outcomes With the Two Treatments Along with the Odds Ratio*

Placebo Gel Light-cured Anesthetic Gel Odds Ratio (95% Confidence Interval)

Positive Negative Total

Positive 14 14 28 3.5 (1.1 to 14.6)

Negative 4 18 22

Total 18 32 50

* McNemar test (p=0.03). Correlation coefficient using the Spearman test = –0.2 (p=0.04).
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light-cured tetracaine-based gel was 0.4 units lower
than placebo (95% CI=–0.9 to –0.07; Table 2).

Odds of Rescue Anesthesia

In all patients who required rescue anesthesia, the
injection was performed immediately after place-
ment of the #212 clamp. In comparative terms, the
OR for rescue anesthesia (Table 4; OR=2.5; 95%
CI=0.7 to 10.9) was on average 2.5 times lower for
the light-cured tetracaine-based anesthetic gel, but
it did not reach statistical significance (Table 4;
p=0.18). The phi correlation coefficient using Spear-
man test for pairs of binary data was low but
significant (–0.12; p=0.20).

Adverse Effects

No adverse effects were observed or related by
patients during this study.

DISCUSSION

This study demonstrated that the newly developed
light-cured tetracaine based anesthetic gel can
provide a slight reduction in the risk for and
intensity of pain related to clamp placement. This
finding is a result of an appropriately designed trial
that followed the principles of proper randomization,
allocation, and blinding of operator, patient, and
statistician, thereby reducing selection and perfor-
mance bias.36

This new light-cured tetracaine-based anesthetic
gel has two main differences from topical anesthetic
gels available in the market: the salt used for the
anesthetic purpose and the vehicle of application. In
this new light-cured anesthetic gel, we used tetra-

caine instead of prilocaine and lidocaine as tetra-
caine is more potent.29,37 Tetracaine is an ester with
higher analgesic efficacy38 and long duration, which
is related to its higher hydrophobicity that promotes
a prolonged interaction with the sodium channel
binding site, resulting in a higher efficacy than other
anesthetics.17,18,39

Although we have not compared this new light-
cured tetracaine-based anesthetic gel with others in
the market, from a clinical standpoint, it is clear that
the light-cured gel does not flow away from the
applied site. This keeps the product from being
diluted by saliva and keeps it in the site to be
anesthetized, which is an advantage over products
marketed as spray, ointment, gel, or adhesive.30,40,41

The purpose of this study was to assess the efficacy
of the gel against a placebo. We are currently
conducting a randomized clinical trial to compare
this light-cured tetracaine-based anesthetic gel with
other commercial products on the dental market.

Even though the use of a clamp to restore NCCLs
is very common, studies that compare the pain
associated with this procedure are rare. A recent
article showed that 70% of patients reported pain
when adapting a #212 clamp or retraction cord
without any topical anesthetic. In these cases,
injectable anesthesia was required most of the
time.11 The risk of pain during clamp placement in
this earlier study11 was very similar to the results of
the present study; 56% of patients reported pain
during clamp placement. Therefore, the performance
of our new light-cured topical anesthetic gel is an
interesting finding because a 20% reduction in the
risk of pain was observed. It may be an alternative to
replace injectable anesthesia in some cases, thereby

Table 2: Means 6 Standard Deviations of Pain Intensity for Both Groups Using the Two Pain Scales, as well as, mean difference
and the Correlation Coefficient of the Paired Data

Pain Scale Means 6 Standard Deviation Mean Difference
(95% Confidence Interval)

Correlation Coefficient
(p-Value)*Light-cured Anesthetic Gel Placebo Gel

Visual analog scale (0-10 cm) 2.462.9 3.462.8 –1 (–2.3 to –0.3) 0.50 (p,0.0001)

Verbal rating scale (0-4) 0.861.0 1.261.1 –0.4 (–0.9 to –0.07) 0.43 (p=0.001)

* Wilcoxon signed-rank test.

Table 3: Medians and Interquartile Range of Pain Intensity for Both Groups Using the Two Pain Scales

Pain Scale Medians (Interquartile Range) p-Value*

Light-cured Anesthetic Gel Placebo Gel

Visual analog scale (0-10 cm) 1.2 (0-3.8) 3 (1.0-5.6) 0.005

Verbal rating scale (0-4) 0 (0-1) 1 (0-2) 0.015

* Wilcoxon signed-rank test.
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overcoming the patient’s fear of needles and the
numbness related to local anesthesia.

Some studies have tested the adaptation of a
clamp in children undergoing rubber dam isolation
for the placement of sealants23,24,30 and have had
positive results for light-cured tetracaine-based
anesthetic gel, corroborating the findings of our
study. It is known that because of the anatomy of
NCCLs, which often present subgingival margins,
there is need of gingival retraction, and retraction
requires an effective gel containing a potent anes-
thetic salt.

From a clinical perspective, we may say that a
reduction of 20% was observed in the risk of pain.
This means that for every five patients needing
treatment, one did not experience pain with the
anesthetic gel. The number of patients that required
for rescue anesthesia was not different between
groups as it depends on whether the patient
considers the discomfort bearable or unbearable.22

Finally, we should discuss the limitation of the
present study. The intensity and risk of pain are
subjective measures, and therefore depend on indi-
vidual interpretation.42,43 When the patient reported
pain on the first side treated, there was a tendency to
feel pain on the opposite side. As the gels were
randomized, this bias was minimized, but probably
not completely eliminated. Further well-delineated
clinical studies should be conducted to compare the
use of different gels for clamp adaptation in NCCLs
to minimize pain.

CONCLUSION

The new light-cured tetracaine-based anesthetic
reduced the risk of pain in 20% of patients. Those
who experienced pain had a pain intensity that was
one unit lower (VAS 0-10) than the placebo gel.
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