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Introduction: The substitution of reference drugs for similar, new or existing drugs in the market is a dilemma
present in daily dental procedures. In order to decide whether or not to adopt a new drug in relation to the
reference, a clinical trial can provide the necessary evidence.
Methods: A total of 179 healthy volunteers (18–25 years) requiring extraction of mandibular third molars
completed the study. Subjects were randomized into 4 groups: right, left, Arteek-SP and Septanest. Allocations
consisted of 4% Articaine hydrochloride with 1:10000 epinephrine. The primary aim of this randomized
controlled trial was to determine whether the test drug Arteek-SP was noninferior by a margin of 10% in the
proportion of patients with total absence of pain, compared to the reference drug Septanest in the extraction of
mandibular third molars using inferior alveolar nerve blocks. Secondary outcomes included, hemodynamic pa-
rameters, volume (mL), pain scores assessed during one visit and reported postoperative discomfort assessed
during 8 days. Noninferiority was declared if total absence of pain for both groups was equal to 0.9, with a
significance level of 5% (P < 0.05) and power at 90% (β ¼ 0.1) at 95% confidence level.
Results: Arteek-SP was applied during the first surgery to 90 volunteers (50.28%) and Septanest was applied to 89
subjects (49.72%). Less than 10% difference was identified, in the proportion of patients with total absence of
tooth pain P < 0.05 and in the gum P < 0.1, at 95% CI, when Arteek-SP was applied first in comparison with
Septanest, establishing noninferiority.
Conclusion: The clinical performance of the test drug Arteek-SP is noninferior to the reference drug Septanest.
They can be considered interchangeable in terms of cost or convenience.
Registration: ClinicalTrials.org, number NCT4166890.
1. Introduction

The substitution of drugs is a dilemma present in daily dental pro-
cedures, whether it is using original or similar formulations or selecting
from different brands [1]. This situation is common in health institutions
and practitioners looking for lower cost-benefit drugs but showing
apprehension to new ones due to their manufacturing origin and missing
scientific information. In order to substitute for a new drug, evidence
must be available to check the pharmacokinetic performance of this
substitute in relation to the reference drug. Consequently, to decide
whether to adopt a new alternative or not, a clinical trial can provide the
necessary evidence [2], because patients need effective and safe drugs
that are rigorously investigated. The surgical extraction of the third
molars using inferior alveolar nerve block (IANB) is one of the most
common treatments among dental procedures. There are multiple
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reasons to perform this procedure, especially because lower third molars
are the teeth most frequently included, retained or impacted [3].
Therefore, the use of local anesthetics is essential to perform these
treatments. Therefore, pain control during any surgical procedure is one
of the most important factors reducing the fear and anxiety associated
with a dental procedure [4, 5].

The most common local anesthetic used in dentistry is Articaine, a
tertiary amine. Articaine has good liposolubility properties that diffuse
easily through soft and hard tissue, exerting adequate pain control [6, 7].
Articaine is regularly used in daily surgeries due to its faster onset,
shorter elimination time, rapid recovery from sensory and motor
blockade and minimal adverse effects [8]. Additionally, it is assumed to
be a safe local anesthetic with few contraindications [1, 9].

The primary aim of this study was to compare non-inferiority of the
test formulation Arteek-SP produced by NewStetic, Colombia, on the
021
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assumption, it was at least as effective, following IANBs, gum flap,
osteotomy, tooth section, extraction and suture, to the reference formu-
lation Septanest produced by Septodont, France. Reported outcomes
were on the basis of time, injected volume of solutions and pain. A sec-
ondary objective of this study was to evaluate the safety of the test drug
compared to the reference drug, regarding hemodynamic parameters,
adverse effects, and postoperative complications. Our null hypothesis
stated that the sensitivity of pain in patients with the application of the
tested drug Arteek is not inferior to the effect of the active control Sep-
tanest in the up to 10%.

2. Materials and methods

A randomized, triple blind, controlled, crossover clinical trial was
carried out on 179 subjects, in compliance with the CONSORT guidelines
(Consolidated Standards of Reporting Trials) [10, 11]. Eligibility criteria
included both male and female patients between 18 and 25 years of age
presenting bilateral asymptomatic mandibular third molars (mesioan-
gular) with the absence of systemic illness. The third molar classification
was addressed combining clinical and panoramic x-ray assessment.

Exclusion criteria included medical history suggestive of known or
suspected allergies to amides, systemic disease, pregnancy/lactation,
subjects who took analgesics 24 h before and presented an episode of
infection in the past 6 months.

This study was approved by the School of Dentistry ethics committee
(02/2017), University of Antioquia, in accordance with Article 67 of the
resolution 008430/93 of the Ministry of Health and Social Protection of
the Republic of Colombia and registered in ClinicalTrials.gov
(NCT04166890). All volunteers provided written informed consent
after attending the study presentation and before any procedure was
performed.

The sample size per group (n ¼ 155) was calculated with the two-
sample proportion test for Non-Inferiority function (TwoSamplePro-
portion.NIS) of TrialSize Package version 1.4 for R [12]. Based on the
results of previous studies [13, 14], the difference in the pain rate of each
Figure 1. Flow chart of study desig
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anesthetic brand (�δ) was specified at�0.1 and prevalence (p) of success
(proportion of patients with total absence of pain) for both groups was
equal and defined at 0.9. The level of significance and the power of the
trial were adjusted at 5% (P < 0.05) and 90% (β ¼ 0.1), respectively.
Therefore, 179 patients were sufficient to declare noninferiority between
the brands at 95% confidence level (95% CI).

The subjects randomly received a combination of IANBs: 4% articaine
HCL with 1:100,000 epinephrine (Arteek-SP, NewStetic, Guarne,
Colombia) against 4% articaine HCL with 1:100,000 epinephrine (Sep-
tanest, Septodont, Saint-Maur-des-Foss�es, France) (Figure 1). The study
was conducted in full at the Clinics of the School of Dentistry, University
of Antioquia, between September 2017 and December 2019, when all the
volunteers recruited were attended and the trial was completed
successfully.

An independent dentist blinded to the groups, prepared the treat-
ments, color coded the anesthetics and marked them A or B. A pair of
cartridges (blue-green) were labeled with the specified side (right or left)
and packed in a numbered envelope (1–196); they were then delivered to
each patient in order of arrival to the appointment. The treatment groups
can be seen in Table 1. It was guaranteed that neither the participants,
nor the surgeon, nor the clinical monitor knew about the allocation of
treatments at the time of intervention. The team in charge designed the
study protocol. Participants were invited to participate and enrolled by
the clinical monitor.

Participants were asked to be present 30 min before the scheduled
procedure to record baseline values regarding safety of the solutions.
Heart rate (HR), blood pressure (BP) and oxygen saturation (SO2) were
recorded before the administration of the anesthetic, 4 min after the
injection, when pain was reported and after completion. The participants
were instructed to self-report the pain intensity using their hands, when
requested during the procedure, following the Heft-Parker visual analog
scale (VAS). A scale from 0 to 10 was used, where 0 corresponded to no
pain and 10 to unbearable pain [15].

The same surgeon (C–P.L.) performed all the inferior alveolar nerve
blocks (IANB). According to the randomization, molar 38 was extracted
n and volunteer's recruitment.

http://ClinicalTrials.gov


Table 1. Randomization (Latin square design).

4 Groups 49 unique numbers

Total 196 participants (392 sides)

Group 1
NS Right Inferior Molar

Group 2
SD Left inferior Molar

Group 3
NS Left inferior Molar

Group 4
SD Right Inferior Molar

1 95 4 111 6 117 2 88

5 98 7 118 16 119 3 90

8 99 11 120 18 122 9 94

13 104 12 127 19 125 10 96

21 107 15 134 35 126 14 102

22 108 17 136 36 128 20 103

23 110 26 139 42 132 24 105

29 123 28 140 43 137 25 121

33 130 30 141 44 146 27 124

38 135 31 143 45 148 34 129

41 138 32 150 49 151 37 131

48 147 40 159 59 155 39 133

51 149 47 160 70 157 46 142

54 152 50 161 72 158 52 144

57 156 55 175 81 163 53 145

60 167 58 179 82 165 56 153

73 168 64 183 87 166 61 154

74 169 68 186 89 171 62 162

75 172 71 188 93 174 63 164

76 173 77 190 106 178 65 170

78 176 79 191 112 182 66 181

80 177 92 194 113 187 67 184

84 180 97 195 114 189 69 185

86 196 100 115 192 83 193

91 101 116 85

109

Latin square design was divided into four groups based on 49 unique numbers, total number of volunteers 196 (392 sides), following a Latin square design (18, 23).
Group 1 and 3 were allocated with test drug (Articaine Arteek-SP, NewStetic –NS-), Groups 2 and 4 were allocated with the reference test drug (Septanest, Septodont
–SP-). Table was designed following a Latin square.

Table 2. Demographics.

n %

Gender

Male 59 32.96

Female 120 67.04

Age

18-19 50 27.93

20-21 57 31.84

22-23 40 22.35

24-25 32 17.88

Social/economical strata*

1 11 6.15

2 45 25.14

3 117 65.36

4 6 3.35

Anesthetic applied in first surgery

Arteek 90 50.28

Septanest 89 49.72

* The volunteers were classified following local social/economical strata
ranging from 1 to 6, (1–2 low income; 3 middle-low; 4 middle income and 5–6
high-income background).
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first followed by molar 48 in the second surgery. Volunteers received 1.8
mL of anesthetic solution (either NewStetic or Septodont). After this in-
jection, every volunteer received an additional injection of 0.7 mL of the
same articaine solution into the area to guarantee complete anesthesia of
the area. The procedure commenced, when VAS scored 0 for gum, tongue
and lip, following a standard protocol [15, 16, 17, 18]. In cases where
volunteers reported pain, they were asked to show the value according to
the previously explained VAS, and hemodynamic values were immedi-
ately measured. Then sufficient complementary anesthesia was injected
and the event was recorded. The procedure ended with the suture of the
intervened area. Intraoperative bleeding was monitored in all proced-
ures. For postoperative pain management the oral Diclofenac (50 mg
every 8 h) was prescribed, during 3 days. The recommended rescue
therapy was an injection of Diclofenac (75 mg). To assess clinical post-
operative parameters, the clinical monitor scheduled an appointment for
suture removal and clinical evaluation of the healing process 7 days after
completion of the procedures [19, 20, 21]. Adverse effects were moni-
tored throughout the study period, and all the patients were on follow up
for a year.

The primary outcome of the study was to measure the onset of the
anesthesia when the tactile and painful sensitivity were blocked (2–6min
after administration of the anesthetics). When the inability to block
tactile sensitivity or painful sensitivity after 10 min occurred, or there
was a need to use more than two cartridges or reach a dosage of 120 mg
of articaine per procedure, it was considered as a failure.

The secondary outcomes were assessed evaluating the dose-response
values, injected volume (mL) and time, simultaneously with the visual
3

analog pain scale. Duration of the anesthetic effect was measured 4 min
after the initial administration of the anesthetic solutions, until the vol-
unteers expressed sensitivity and pain to stimuli. The safety of Articaine



Table 3. Vital signs measurements.

Arteek-SP Septanest

30 min before Start surgery During Completion 30 min before Start surgery During Completion

SBP (mm Hg) 111.08 � 13.22 112.25 � 11.43 112.57 � 11.56 116.89 � 11.78 112.17 � 11.63 113.67 � 11.83 114.73 � 13.69 118.10 � 12.90

DBP(mm Hg) 72.88 � 8.53 71.10 � 8.16 70.15 � 8.62 74.94 � 9.14 74.79 � 8.16 72.75 � 8.69 71.57 � 9.48 75.78 � 9.34

HR (bpm) 81.51 � 12.77 83.33 � 12.83 87.55 � 13.37 85.77 � 12.13 81.91 � 12.04 84.94 � 13.16 89.91 � 13.34 86.26 � 13.13

SO2 (%) 96.35 � 1.59 96.35 � 2.14 96.51 � 2.03 96.69 � 1.91 96.45 � 1.59 96.55 � 1.91 96.83 � 1.62 96.74 � 1.57

SBP: systolic blood pressure, DBP: diastolic blood pressure, HR: heart rate. Significant differences according to Kruskal-Wallis test between anesthetics in each measure
at P < 0.05 (*).
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solutions was evaluated by the recording of hemodynamic parameters,
and self-reported postoperative discomfort.

Statistical comparisons between the surgery duration, time of latency,
onset of the anesthesia, and vital signs were tested non-parametrically
using the Kruskal-Wallis test. Differences in the proportions of patients
that required complementary anesthesia or reported pain sensation be-
tween the anesthetics were evaluated with a two-proportions Z-test. The
Wilcoxon test was used to compare the mean VAS score. All statistical
tests were carried out at P < 0.05 significance level in R version 1.4 (R
Foundation for Statistical Computing, Vienna, Austria).

3. Results

A total of 179 healthy volunteers needing bilateral extraction of
mandibular third molars with no clinical sign of eruption were included
in the study. Ninety-six percent of the participants (both genders) came
from low-income socioeconomic backgrounds (Table 2). The summary of
measured hemodynamic parameters (heart rate, blood pressure, and
Figure 2. Comparison of Arteek-SP and Septanest solutions with 95% CI. A. Time
outcome). C. Time until pain sensation appeared (secondary outcome). D. Total su
asterisk are significantly different (P < 0.05) based on a Kruskal-Wallis test.
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saturation of oxygen) can be found in Table 3. Only small differences (P>

0.05) were reported, when comparing the tested drugs before and after
completion of the procedure. The study did not reveal statistically sig-
nificant differences in measured values by either drug along the pro-
cedure. However, there was a significant difference when both drugs
were compared at certain times between each other. The Septanest
showed an increase in heart rate during the surgery compared to Arteek-
SP at the level of P < 0.05 (see Table 3). There were no reported adverse
effects or harms caused by both tested drugs along the study. At the time
of the first scheduled check-up, none of the volunteers requested the use
of the rescue therapy. During the suture removal, clinical evaluation of
the tissue showed an adequate healing with no signs of inflammation or
infection.

The duration (latency) of both anesthetics showed very similar and
non-significant results (P > 0.05) in different mouth zones – gum, lip,
tongue, and tooth as depicted in Figure 2A. Moreover, no significant
differences were observed neither in onset times between the brands
of anesthetics measuring the time until numbness sensation appeared
of latency in the different mouth zones. B. Onset of the anesthesia (primary
rgery duration. E. Volume of applied anesthetic. Comparisons marked with an



Figure 3. Comparison of pain scores of Arteek-SP and Septanest solutions. A. Proportion of patients with and without pain sensation in different mouth zones. B.
Minutes between anesthetic application and pain sensation with 95% confidence intervals C. VAS pain scale. D. Proportion of patients that require complementary
anesthesia at different steps of the surgery.
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(Arteek-SP 2.77 � 0.09 min; Septanest 2.75 � 0.10min) (Figure 2B),
nor the measured time between the anesthetics' application and pain
sensation (residual analgesia), where the measured average time was
111.19 � 3.62 min for Arteek-SP and 110.95 � 3.75 min for Sep-
tanest, respectively (see Figure 2C). Also, the total surgery duration
did not reveal any significant difference between the two anesthetics
(21.15 � 0.56 min for Arteek-SP and 21.42 � 0.61 min for Septanest)
(Figure 2D).

However, the average of injected volume of anesthetic revealed a
significant difference between Arteek-SP and Septanest (0.131 mL)
(Figure 2E), where the mean volume of Arteek-SP was 2.49 � 0.09 mL
while for Septanest was 2.38 � 0.08 mL (P < 0.05). This result corre-
sponds to the fact that during the different stages of surgery (i.e., flap
elevation, osteotomy, tooth section) the proportion of patients who
required complementary anesthesia was higher for Arteek-SP anesthesia,
although the differences were not statistically significant. The surgery
step in which patients required complementary anesthesia more
frequently was the tooth section, where 58.10% (Arteek-SP) and 49.72%
(Septanest) subjects received complementary anesthetic injection
(Figure 3D). Intraoperative bleeding remained minimal during all sur-
geries. It is important to note that although the difference in volume
(0.131 mL) was statistically significant, it was not considered clinically
relevant.

During tooth section, 74% of volunteers reported pain and 58% of
them in the gum at 9.08 � 0.19 min for Arteek-SP and 8.94 � 0.17 min
for Septanest (Figure 3A, 3B). Average VAS score for pain for the gum
was 1.25 (Arteek-SP) and 1.12 (Septanest), while for the tooth was 3.94
(Arteek-SP) and 3.91 (Septanest) (Figure 3C). All of these results were
found non-significant comparing Arteek-SP to Septanest.
5

4. Discussion

Most of the participants of this study were considered as vulnerable
students needing extra support with a higher number of females
participating in the study (Table 1), however no significant differences
were observed regarding gender. All procedures were performed in one
visit, minimizing the financial burden on the volunteers, which were then
provided access to prime drugs not regularly used by the public health
service, due to elevated cost or simply by unawareness and these were
free of charge.

In the present study, the hemodynamic parameters were statistically
insignificant before and after the completion of extraction (P > 0.05).
There was a heart rate increase during the first 10 min caused by the
application of both brands and gradually decreased to the initial values
after the completion of the procedure. These results were congruent to
previous studies reported by other authors [22, 23, 24] An increase in
heart rate after injection was likely caused by increased endogenous
catecholamine because of the pain induced from the injection, as shown
by Meral et al. [25]. It is worthy to note that the study did not evaluate
the nutritional conditions, which could affect the interindividual re-
sponses in the measurements of hemodynamic parameters.

Aspreviously reportedbyotherauthors, therewas a suddenhypotension
recorded soon after the administration of the Articaine solutions (Arteek-SP
and Septanest). It returned to baseline values within an hour after the in-
jection. Therewere no statistical differences in the values of the systolic and
diastolic blood pressure 1 h after (P > 0.05) [24, 25]. The similarity of
physiological responses (hemodynamic parameters) in both treated groups
showed a normal biological response to articaine and to the clinical envi-
ronment, supporting the evidence of the safety of Articaine solutions.
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Pain measurement is always difficult to establish, because its
perception and intensity are multifactorial, however the direct self-
report is the most common in clinical practices [7]. The clinical
settings provided a minimum comfort for patient and surgeon; also
factors such as noise, temperature and a busy environment were al-
ways a concern, making it difficult to exclude the influence of stress
on volunteers. These conditions could possibly increase acute
stressors, such as cortisol and catecholamine as reported by Russell &
Lightman [26].

The onset of the anesthesia and pain control are consistent with
other reports evaluating 4% Articaine [27, 28]. The minimum possible
volume was used to block the inferior alveolar nerve and buccal nerve.
Nonetheless, it was necessary to use more volume of Arteek-SP
compared to Septanest (Figure 2E). Although it was clinically imper-
ceptible, the difference was statistically significant (P < 0.04). The
presence of sodium metabisulfite included as an antioxidant in com-
mercial formulas of local anesthetics [29] extends the half-life of
epinephrine in the body [8, 30]. Thus, it might play a role modifying
the volume of solution injected. It is speculated that different concen-
trations of preservatives in the formulas might be the reason for the
differences in the volumes used, prolonging the anesthesia when Sep-
tanest was the first anesthetic injected and the opposite for Arteek-SP.
Consequently, the volumetric difference was in favor of the reference
drug Septanest. This outcome could affect the duration of the anes-
thetic effect, proving superiority of the reference drug (Septanest) in a
secondary endpoint (anesthesia duration). However, the total surgery
time and the time until pain sensation after injection did not reveal any
significant differences (Figure 2C, D). One highly experienced surgeon
performed all the interventions, which positively facilitated standard-
ized procedures and the precise administration of the anesthetics and
reduced multiple operator bias. This could also make small technical
adaptations masking possible pharmacokinetic variations between the
compared brands (Figure 3A, B, D); however, this specific bias could
not be addressed. Another possibility for the volumetric difference
could be the materials and fabricating processes each manufacturer
employed (stiffer rubber plunger, rubber diaphragm or quality of the
glass tube). Nevertheless, there was no need to use more than two
cartridges of anesthesia per procedure; therefore no data were excluded
from the study.

Furthermore, the use of the visual analog scale, which is a widely used
and proven method, still presents challenges to measure pain, due to its
individual perception and multifactor causes (Figure 3C). Thus, further
trials should include sampling saliva or blood to analyze pain related
molecular markers along with the analog scale of Heft-Parker to reduce
possible bias.

The proportion of patients with total absence of pain, showed less
than 10% difference. In conclusion, the results of this study showed that
the test drug Arteek-SPwas within themargin calculated compared to the
reference drug Septanest establishing noninferiority. This study provides
valuable information to make an evidence-based decision to adopt or
substitute anesthetic brands in daily clinical practice for effective man-
agement of surgical tooth extraction, in terms of availability, cost or
convenience.
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