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Background. The ability to control pain is an essential part of dental procedures and the need for optimal pain control and
reduction of discomfort is the primary concern of every dentist. This study aims to compare the pain and vital signs during
inferior alveolar nerve block between conventional and a new modification of the two-step injection techniques. Methods. In this
institutional single-blind randomized clinical trial, attendees of dental school at Mazandaran University of Medical Sciences
from February to May 2022 were included. Inclusion criteria were 20–60 years old and healthy (ASA1) individuals who were
willing to participate in this study. Individuals who were taking medications affecting their understanding of pain and patients
with active infections at the injection site were excluded. These individuals were divided into two groups. First, superficial
anesthesia was performed and afterward, conventional and two-step injection techniques were performed. For the two-step
injection method, 6mm of the needle was injected into the mucosa and one-third of the local anesthetic solution was released
from the computer-controlled injection toolkit. Afterward, a 25mm 30-gauge needle was reinserted into the previous hole
delivering the remaining local anesthetic. The pain during injection was measured by a patient-reported numerical rating scale
(NRS). Moreover, vital signs were monitored immediately before and after the injection. Kolmogorov–Smirnov test,
Mann–Whitney U test, independent T-test, and Fisher’s exact χ2 test were performed for statistical analysis (α= 0.05). Results.
This study involved 32 adults aged between 20 and 50 years old with 1 : 1 female/male sex distribution. The pain score was
significantly higher in the conventional injection technique compared to the two-step injection technique in all sex and age
groups. There were no significant differences in vital signs between the conventional and two-step injection techniques. There
was no significant difference in the mean pain scores of females and males, regardless of their injection techniques. Conclusion.
Utilizing the two-step injection technique in patients for inferior alveolar block reduces pain during injection without altering
patients’ vital signs significantly. This trial is registered with IRCT20220106053646N1.
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1. Introduction

The ability to control pain is an essential part of dental
procedures and the need for optimal pain control and reduc-
tion of discomfort is the primary concern of every dentist.
Dentists throughout history have attempted to use various
approaches, from alcohol to herbal remedies, to relieve
patients’ pain. However, the injection of local anesthetics
can be a source of fear and pain and thus, patients may refuse
to get injections during dental procedures or postpone their
dental appointment [1]. There are various causes that lead to
dental fear in patients, including previous personal and
familiar experiences, personal characteristics, media illustra-
tions of dental procedures, observation of sharp needles, and
hearing the sound of dental handpieces. As a result, varied
techniques have been utilized to reduce patients’ pain-
induced fear and anxiety, such as low-level laser therapy,
superficial anesthesia, music therapy, psychosomatic meth-
ods, cold therapy of soft tissues, distracting techniques,
employment of fine needles, computer-controlled local anes-
thetic delivery technique, and jet injection. However, all of
these techniques have some restrictions and, therefore, they
need to be superseded by more suitable approaches for pain
reduction [2–11]. Inferior alveolar nerve block (IANB) has
been widely used for the anesthesia of mandibular molar and
premolar teeth during various dental procedures. In the con-
ventional method for IANB, the clinicians use the anatomical
landmarks, including the coronoid process, anterior and pos-
terior border of themandible, sigmoid notch, andmandibular
condyle, to locate the injection site [12, 13]. The conventional
technique of IANB is a challenging approach for clinicians
because it requires adequate knowledge of the anatomy of
jaws and for patients due to causing pain during the injection
[14]. In addition to the pain caused by needle penetration and
injection, the infusion of anesthetic solutions and interstitial
pressure in tissue can cause a significant feeling of pressure in
patients [15, 16]. Moreover, needle removal, numerous injec-
tions, inadequate needle design, and poor injection technique
may lead to postoperative pain due to tissue damage [17].

The two-step injection techniques were proposed by
Walton and Torabinejad [18] and Levine [19] to reduce injec-
tion pain. Compared to the conventional method, reports
suggest that the two-step injection method is preferable to
the conventional IANB [20]. This method involves the initial
application of the anesthetic solution just under the mucosal
surface. After waiting for a few minutes, the needle is inserted
toward the target site and the remaining anesthetic solution
is injected at the target site [20]. The choice of anesthetic is
based on the surgeon’s preference and the patient’s medical
profile. This technique is often performed by 4% prilocaine
as the primary factor for superficial injection, followed by
lidocaine or articaine for the anesthetic injection at the desired
site in the second step [21].

Limited studies have been conducted on the evaluation of
the success of the two-step injection technique for anesthesia.
In the studies by Park et al. [22], Joseph et al. [23], and Rao
et al. [24], the patients experienced less pain during the modi-
fied two-step injection method compared to the conventional

method. In addition, the study by Sandeep et al. [25] showed
that the two-step injection method significantly reduced pain
in children. On the other hand, a study by Nusstein et al. [20]
showed that employing this method leads to less pain only in
females. Moreover, the study by Blagova and Yanev [26] dem-
onstrated that utilizing this technique does not lead to any
significant difference in pain levels compared to the conven-
tional technique.

Due to the controversial findings of previous studies, it is
essential to evaluate the two-step injection technique in dif-
ferent populations from different backgrounds and different
age groups. This study aims to compare the pain level and
vital signs of individuals in IANB using the conventional and
a new modification of the two-step injection techniques.

2. Materials and Methods

2.1. Case Selection and Randomization. In this parallel single-
blind randomized controlled trial, 32 individuals from all
patients who attended dental school at Mazandaran Univer-
sity of Medical Sciences from February to May 2022 were
selected. According to the sample size calculation mentioned
below, the sample size of this study was calculated based on
the study of Park et al. [22] as a minimum number of 12
patients for each group.

n ¼ z1−α=2 þ z1−β
� �

2 × σ1
2 þ σ2

2ð Þ
μ1 − μ2ð Þ2 ¼ 12:7; ð1Þ

α ¼ 0:01;   β ¼ 0:1: ð2Þ

All procedures followed were in accordance with the
principles stated in the Declaration of Helsinki “Ethical Prin-
ciples for Medical Research Involving Human Subjects,”
adopted by the 18th World Medical Assembly, Helsinki, Fin-
land, June 1964, and as amended most recently by the 64th
World Medical Assembly, Fortaleza, Brazil, October 2013.
All procedures performed in this study were approved by
the Ethical Committee of Mazandaran University of Medical
Sciences (#IR.MAZUMS.REC.1400.671). Patients included
in this study were informed before the examination, and
an informed consent form was signed by all participants.
As inclusion criteria, the individuals who were 20–60 years
old, healthy (ASA1), and willing to participate in this study
were recruited. For standardization of the psychological con-
dition, which can affect individuals’ pain perception [27],
the General Health Questionnaire-28 (GHQ-28) was uti-
lized. The reliability and validity of this questionnaire have
been approved [28]. In addition, participants who were tak-
ing medications that alter their understanding of pain and
patients with active infections at the injection site were
excluded from this study [27, 29]. For the random alloca-
tion of patients into two groups, the block technique with
eight blocks with a size of 4 was employed by using the ran-
dom allocation software 2.0 (Mahmoud Saghaei, Isfahan,
Iran) [30].
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2.2. Preparation for Injection. The patients were seated on the
dental unit for 10min to restore heart rate and blood pres-
sure to normal levels [31]. The patients were in a semisupine
position (45°) and were asked to open their mouths widely.
Thereafter, oral mucosa got dried with a piece of gauze and
20% benzocaine topical anesthetic gel (Dentonics, North
Carolina, USA) was applied using the applicator in the nee-
dle penetration zone for 2min (Figure 1).

2.3. Injection Techniques

2.3.1. Conventional Injection Technique. A 25mm 30-gauge
needle (Transcodent, Schleswig-Holstein, Germany) was used
for conventional IANB injection. Moreover, a computer-
controlled injection toolkit (ICT injection SE, GENOSS,
Gyeonggi-do, South Korea) was utilized for injecting at
different speeds (controlling the speed allows a full cartridge
to be injected within 250, 120, or 50 s). The needle was inserted
into the tissue by using the computer-controlled injection
toolkit with the highest speed (50 s for injecting 1.8ml of
anesthetic solution). During the penetration of the needle,
0.4ml of 2% lidocaine with 1 : 80,000 epinephrine anesthetic
solution (Darou Pakhsh, Tehran, Iran) was injected. The rest
of the anesthetic solution (1.4ml) was injected after the needle
reached the mandibular bone in 1min.

2.3.2. New Modification of Two-Step Injection Technique. In
this modification of the two-step injection technique, the first
step of injection was operated by using a 12mm 30-gauge
dental needles (Transcodent, Schleswig-Holstein, Germany)
at the lowest speed of the computer-controlled injection
toolkit (250 s/1.8ml). Because the topical anesthetic gel,
which was applied before, had affected the 5mm depth of
soft tissue [16], 5mm of the first needle was injected into the
mucosa and one-third of the 2% lidocaine with 1 : 80,000

epinephrine local anesthetic solution (Darou Pakhsh, Teh-
ran, Iran) was released (Figure 2).

After waiting for 2min, the second needle was used,
which had the same properties as the needle used for the
conventional technique. The entire length of a 25mm
30-gauge needle was reinserted into the previous short nee-
dle penetration hole at the highest speed (50 s/1.8ml) mov-
ing to the desired area for delivering the remaining local
anesthetic solution (1.2ml) (Figure 3).

Before, during, and after the injection, patients’ vital signs,
including the heart rate, blood pressure, and respiratory rate,
were monitored and recorded in both groups by using a vital
sign monitor (CMS6000, Shenzhen, China) that was attached
to the patients. These injection procedures were performed by
an oral and maxillofacial surgeon with 10 years of experience.
Afterward, the participants reported their pain during the
injection by employing a numerical rating scale (NRS) from
0 to 10 (from 0 which indicates no pain to 10 which indicates
the worst pain possible).

Because of the procedure of intervention during this
study, it was not possible to make the patients and operators
blind due to observing the use of a second needle. Therefore,
the blinding was only applied to statistical analysis.

2.4. Statistical Analysis. Kolmogorov–Smirnov test, Mann–
Whitney U test, independent t-test, and Fisher’s exact χ2 test
were performed for statistical analysis by SPSS 22 (IBM,
NY, USA). p-Value <0.05 was considered as statistically
significant.

3. Results

Thirty-two individuals participated in this study (16 indivi-
duals for each group). The demographic information of the
individuals is shown in Table 1. The demographic variables
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FIGURE 1: Applying topical anesthetic gel.
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and participants’ vital signs before injection were not signifi-
cantly different between the two groups (p>0:05).

Utilizing an independent t-test showed that pain scores
were significantly higher in the conventional method com-
pared to the two-step injection technique (p-value <0.001)
(Table 2).

There was no significant relationship between pain score
and vital signs and demographic variables. However, the pain

score was significantly higher in conventional techniques in
all sexes, age ranges, and education levels (Table 3).

4. Discussion

This study investigated the self-reported pain scores and
vital signs of individuals during IANB using a new modifi-
cation of two-step and conventional injection techniques. The
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FIGURE 2: Step 1: 5mm needle insertion into the tissue.
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FIGURE 3: Step 2: Final injection for local anesthetic solution delivery.
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findings demonstrated that the individuals who received the
conventional technique for injection experienced more pain
compared to those with the two-step injection technique.
In addition, the pain scores of all sex and age ranges were
significantly higher in the conventional injection technique
compared to the two-step injection technique. Moreover,
monitoring participants’ vital signs showed that there were
no significant differences between individuals’ vital signs
before and after injection in both groups.

According to the findings of this study, the pain scores
and vital signs were not significantly different between males
and females, regardless of their injection techniques.

In clinical dentistry, local anesthesia is a unique combi-
nation of methodology, anesthetic substances combination,
and equipment. Pain and fear during dental routine treat-
ments and surgeries are among the most important reasons
for avoiding dental procedures among patients [23]. More-
over, an anesthetic injection with little or no pain leads to less

TABLE 1: Demographic information and individual’s vital signs before injection.

Injection techniques

Variables Total Conventional technique Two-step technique p-Value

Sex (number)a
Male 16 8 8

>0.999
Female 16 8 8

Age range (number)a
20–29 7 2 5

0.32930–39 21 11 10
40–49 4 3 1

Education (number)a
Bachelor’s degree and below 7 3 4

0.643Master’s degree 17 10 7
PhD and above 8 3 5

Heart rate (mean)b 81.06 81.63 80.5 0.7
Systolic blood pressure (mean)b 117.19 117.5 116.88 0.705
Diastolic blood pressure (mean)b 77.19 78.13 76.25 0.413
Respiratory rate (mean)b 18.41 18.38 18.44 0.904
GHQ-28 score (mean)b 38.78 39.06 38.5 0.532
aFisher’s exact χ2 test. bIndependent t-test.

TABLE 2: Pain score in individual’s variables.

Injection techniques

Variables Total p-Value Conventional technique Two-step technique p-Value

Sex (mean)a
Male 2.19

0.579
3.88 0.50 <0.001

Female 2.63 4.75 0.50 <0.001

Age range (mean)a
20–29 1.57

0.371
4.50 0.40 0.011

30–39 2.80 4.63 0.71 <0.001
40–49 2.40 3.83 0.25 <0.001

Education (mean)a
Bachelor’s degree and below 1.86

0.683
4.33 0.0 0.001

Master’s degree 2.71 4.10 0.71 <0.001
PhD and above 2.25 5.00 0.60 0.001

Heart rate (r)b −0.12 0.503 −0.11 −0.38 –

Systolic blood pressure (r)b −0.11 0.556 −0.34 −0.43 –

Diastolic blood pressure (r)b −0.06 0.767 −0.31 −0.57c –

Respiratory rate (r)b 0.30 0.102 0.25 −0.08 –

GHQ-28 score (r)b 0.06 0.727 −0.09 −0.06 –

aIndependent t-test. bPearson correlation test. cSignificant p-value <0.05.

TABLE 3: Comparison of pain score in two groups.

Groups Mean Minimum–Maximum p-value

Two-step injection technique 0.50 0–2
<0.001

Conventional injection technique 4.31 2–6

International Journal of Dentistry 5



fear, which can significantly improve patient behavior during
dental procedures. One of the most important aspects of
dental treatments is patients being pain-free during the treat-
ment [23]. Therefore, the application of novel techniques
that can improve the patient’s and physician’s experience
by reducing the pain of local anesthetic injection is beneficial.
According to the results of this study, the individuals’ pain
during the two-step injection technique was significantly
lower compared to the conventional technique. Thus, the
two-step injection technique can be employed to reduce indi-
viduals’ pain and fear during dental procedures.

The findings of this study were in agreement with the
studies by Park et al. [22], Joseph et al. [23], and Rao et al.
[24]. In these studies, the patients experienced significantly
less pain during the modified two-step injection method
compared to the conventional injection method. According
to the study by Sandeep et al. [25], the two-step injection
method significantly reduced pain in children compared to
the traditional one-step conventional injection technique.
On the other hand, Blagova and Yanev [26] postulated that
there was no difference in pain score between the conven-
tional and the modified two-step INAB injection methods.
The cause of this incompatibility can be related to the differ-
ence between the devices used for anesthesia and the scale
used for pain assessment in two studies. Blagova and Yanev
[26] utilized a standard aspiration-type dental syringe to inject
anesthesia solution and used Heft–Parker visual analog scale
for pain assessment. Moreover, a study by Nusstein et al. [20]
showed that employing this method leads to less pain only in
females.

Because of this controversy regarding the result of reduc-
ing pain by using two-step injection techniques in the above-
mentioned studies, we developed a new modification of
the two-step injection technique. In this new modification,
we tried to reduce pain compared to the two-step injection
techniques that had been used in other studies by consider-
ing effective properties such as injection speed and needle
length. Penetration of the needle into the oral mucosa is the
first phase of the pain experience during anesthetic injections
for dental and oral treatments. Previous analysis of pain percep-
tion at the needle penetration stage showed a 14%–22% inci-
dence of moderate to severe pain [32]; therefore, we applied
a topical anesthetic gel before injection. Another factor that
can significantly affect patient comfort during a local anesthetic
injection is the injection speed of the solution. A study by Kanaa
et al. [33] assessed the impact of injection speed on patient
comfort during IANB injection and showed that a controlled
injection speed reduces patients’ pain and increases local anes-
thetic efficacy. Employing newer technologies can be lucrative in
various fields of dentistry; for instance, utilizing a computer-
controlled injection toolkit leads to pain reduction during injec-
tion by controlling injection speed [34–37]. As a result, we used
a computer-controlled injection toolkit for this new modifica-
tion. Furthermore, the study by Rao et al. [24] demonstrated
that the pain of injection is related to needle characteristics such
as the needle length and diameter. In addition, shorter needle
length causes less pain in individuals because the needle

resistance during insertion into the tissue decreases, and the
needle bends less during injection [38]. Moreover, a short-
length needle can potentially cause less distortion and less tissue
damage during the injection procedure and decrease patients’
discomfort. The higher needles gauge allows a very small
amount of anesthetic solution to be injected and as a result,
less soft tissue expansion occurs [24]. In the new modification
of this study, unlike previous studies, 12 and 25mm 30-gauge
dental needles were utilized.Moreover, employing an ICT injec-
tion SE toolkit is a contemporary and novel methods of IANB
that was used in this study. Utilizing a computer-controlled
injection toolkit has received positive feedback in recent years
due to its advantages such as low weight (only 72 g) which
prevents early fatigue of the operators’ hand and leads to easy
handling, inserting and removing the anesthesia cartilage is easy,
and it has three different injection speeds.

In addition, the results of this study showed that in both
sexes, there was a significant difference between the pain
score of conventional and the two-step injection techniques
and that the pain score was reduced during the two-step
injection technique. Similar to our findings, a study by
Park et al. [22] demonstrated that the pain in both sexes
was significantly lower with the two-step injection method
than with the conventional injection method, while the study
by Nusstein et al. [20] demonstrated that females experi-
enced less pain compared to males; the results of this study
showed that pain scores in males and females had no signifi-
cant differences in both conventional and two-step injection
groups. The conflicting results can be explained by utilizing
different methods of injection in the two studies. Moreover,
other studies have shown that females reported more pain
than men for many types of injections, particularly during
needle penetration [17, 20].

The results of this study also showed that none of the vital
signs showed significant differences in the two groups of con-
ventional and two-step injection techniques.Moaddabi et al. [39]
showed that blood pressure increased after lidocaine injec-
tion; the results of this study demonstrated that this injec-
tion did not cause significant differences in participants’
vital signs. However, because no study has examined the
vital signs before and after injection of conventional and
two-step injection techniques, it is not possible to compare
this finding with other studies. Moreover, the previous stud-
ies did not use the GHQ-28 for individuals having the same
pain perception and psychological condition.

The limitation of this study was the lack of the possibility
of patients and operators blinding. Furthermore, another
limitation of this study was the patient’s lack of cooperation.
Moreover, utilizing this technique can cause extra costs for
patients and dentists due to using multiple needles and a
computer-controlled injection toolkit.

5. Conclusion

Utilizing the new modification of the two-step injection tech-
nique in patients for IANB reduces pain during injection,
which is not related to sex and age and does not change
the patient’s vital signs significantly.

6 International Journal of Dentistry



Data Availability

The datasets analyzed during this study are not publicly
available but are available from the corresponding author
on reasonable request.

Ethical Approval

All procedures followed were in accordance with the princi-
ples stated in the Declaration of Helsinki “Ethical Principles
for Medical Research Involving Human Subjects,” adopted
by the 18th World Medical Assembly, Helsinki, Finland,
June 1964, and as amended most recently by the 64th World
Medical Assembly, Fontaleza, Brazil, October 2013. All pro-
cedures performed in this study were approved by the Ethical
Committee of Mazandaran University of Medical Sciences
(#IR.MAZUMS.REC.1400.671).

Consent

Patients included in this study were informed before the
examination, and an informed consent form was signed by
all participants.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Authors’ Contributions

Amirhossein Moaddabi: Conception and design of study,
acquisition of data, drafting of article, and final approval of
manuscript. Alessandra Valletta: Conception and design of
study, critical revision of the manuscript, and final approval
of manuscript. Mohammad Koochek Dezfuli: Acquisition of
data, analysis of data, drafting of article, and final approval of
manuscript. Parisa Soltani: Conception and design of study,
analysis of data, critical revision of the manuscript, and final
approval of manuscript. Saeedeh Ebrahimikiyasari: Concep-
tion and design of study, acquisition of data, drafting of arti-
cle, and final approval of manuscript. Abolfazl Hosseinnataj:
Analysis of data, critical revision of the manuscript, and final
approval of manuscript. Kioumars Tavakoli Tafti: Conception
and design of study, analysis of data, drafting of article, and
final approval of manuscript. Gianrico Spagnuolo: Concep-
tion and design of study, critical revision of the manuscript,
and final approval of manuscript.

Funding

This study was funded by Mazandaran University of Medical
Sciences (61125) and was performed as a partial requirement
for obtaining DDS degree.

Abbreviations

IANB: Inferior alveolar nerve block
NRS: Numerical rating scale.

References

[1] P. Milgrom, J. T. Newton, C. Boyle, L. J. Heaton, and
N. Donaldson, “The effects of dental anxiety and irregular
attendance on referral for dental treatment under sedation
within the National Health Service in London,” Community
Dentistry and Oral Epidemiology, vol. 38, no. 5, pp. 453–459,
2010.

[2] F. Ghaderi, R. Ghaderi, M. Davarmanesh, M. Bayani, and
S. Arabzade Moghadam, “Pain management during needle
insertion with low level laser,” European Journal of Paediatric
Dentistry, vol. 17, no. 2, pp. 151–154, 2016.

[3] G. Lathwal, I. K. Pandit, N. Gugnani, and M. Gupta, “Efficacy
of different precooling agents and topical anesthetics on the
pain perception during intraoral injection: a comparative clinical
study,” International Journal of Clinical Pediatric Dentistry, vol. 8,
no. 2, pp. 119–122, 2015.

[4] G. Iorgulescu, “Music therapy in dental medicine,” Interna-
tional Journal of Music and Performing Arts, vol. 3, no. 2,
pp. 19–24, 2015.

[5] S. A. Abdelmoniem and S. A. Mahmoud, “Comparative evalua-
tion of passive, active, and passive–active distraction techniques
on pain perception during local anesthesia administration in
children,” Journal of Advanced Research, vol. 7, no. 3, pp. 551–
556, 2016.

[6] B. Jagtap, K. Bhate, S. Magoo, S. N. Santhoshkumar,
K. S. Gajendragadkar, and S. Joshi, “Painless injections—a
possibility with low level laser therapy,” Journal of Dental
Anesthesia and Pain Medicine, vol. 19, no. 3, pp. 159–165,
2019.

[7] S. Daly, N. C. A. Claydon, R. G. Newcombe, J. Seong,M. Addy,
and N. X. West, “Randomised controlled trial of a microneedle
patch with a topical anaesthetic for relieving the pain of dental
injections,” Journal of Dentistry, vol. 107, Article ID 103617,
2021.

[8] S. F. Malamed,Handbook of Local Anesthesia, Mosby, St. Louis,
7th edition, 2019.

[9] K. Gajendragadkar, K. Bhate, B. Jagtap, S. N. Santhoshkumar,
K. Kshirsagar, and S. Magoo, “Making inferior alveolar nerve
block more comfortable via computer-controlled local anesthetic
delivery: a prospective clinical study,” Journal of Dental Anesthesia
and Pain Medicine, vol. 19, no. 3, pp. 135–141, 2019.

[10] A. Moaddabi, D. Hasheminia, S. Bagheri, P. Soltani, and
R. Patini, “Effect of opaque eye coverage on anxiety in candidates
for surgical removal of impacted third molars: a randomized
clinical trial,” Oral Surgery, Oral Medicine, Oral Pathology and
Oral Radiology, vol. 132, no. 3, pp. 267–272, 2021.

[11] E. Shadmehr, S. Hashemi, S. S. Hashemi, Y. J. Chung,
A. Goudarzi, and A. Khademi, “The effect of adding clonidine to
articaine and epinephrine on post-treatment pain: a randomized
clinical trial study,” Iranian Endodontic Journal, vol. 16, no. 4,
pp. 210–216, 2021.

[12] H. A. Buch, “Clinical anatomy of inferior alveolar nerve block
anesthesia,” Clinical Anatomy, vol. 24, no. 4, pp. 515–517,
2011.

[13] D. G. Palti, C. M. de Almeida, A. de Castro Rodrigues,
J. C. Andreo, and J. E. O. Lima, “Anesthetic technique for
inferior alveolar nerve block: a new approach,” Journal of
Applied Oral Science, vol. 19, no. 1, pp. 11–15, 2011.

[14] M. Rathee and M. Brizuela, Inferior Alveolar Nerve Block,
StatPearls Publishing LLC, Treasure Island (FL), 2022.

[15] E. Kaufman, J. B. Epstein, E. Naveh, M. Gorsky, A. Gross, and
G. Cohen, “A survey of pain, pressure, and discomfort induced

International Journal of Dentistry 7



by commonly used oral local anesthesia injections,” Anesthesia
Progress, vol. 52, no. 4, pp. 122–127, 2005.

[16] M. N. Hochman, M. J. Friedman, W. Williams, and
C. B. Hochman, “Interstitial tissue pressure associated with
dental injections: a clinical study,” Quintessence International,
vol. 37, no. 6, pp. 469–476, 2006.

[17] S. G. Boynes, “Evaluating the advances and use of hypodermic
needles in dentistry,” Compendium of Continuing Education in
Dentistry, vol. 35, no. 9, pp. 649–654, quiz 656, 2014.

[18] R. E. Walton and M. Torabinejad, Principles and Practice of
Endodontics, W.B. Saunders Company, 3rd edition, 2002.

[19] A. H. Levine, “Preventing pain: the one-two injection,” TIC,
vol. 27, no. 7, Article ID 6, 1968.

[20] J. Nusstein, G. Steinkruger, A. Reader, M. Beck, and J. Weaver,
“The effects of a 2-stage injection technique on inferior alveolar
nerve block injection pain,” Anesthesia Progress, vol. 53, no. 4,
pp. 126–130, 2006.

[21] M. J. Wahl, M. M. Schmitt, and D. A. Overton, “Injection pain
of prilocaine plain, mepivacaine plain, articaine with epineph-
rine, and lidocainewith epinephrine,”General Dentistry, vol. 54,
no. 3, pp. 168–171, 2006.

[22] S. Park, S. Lee, N. Lee, and M. Jih, “Two-step needle insertion
technique to reduce pain in children during local anesthesia,”
Journal of the Korean Academy of Pediatric Dentistry, vol. 47,
no. 2, pp. 99–108, 2020.

[23] R. M. Joseph, A. P. Rao, N. Srikant, Y. M. Karuna, and
P. A. Nayak, “Comparison of patient comfort during the first
stage of conventional versusmodified two-stage inferior alveolar
nerve blocks in pediatric patients,” Anesthesia Progress, vol. 66,
no. 4, pp. 221–226, 2019.

[24] A. Rao, D. Thakkar, A. Rao, Y. M. Karuna, and N. Srikant,
“Evaluation of a modified two-stage inferior alveolar nerve
block technique: a preliminary investigation,” Dental Hypothe-
ses, vol. 8, no. 2, pp. 34–38, 2017.

[25] V. Sandeep, M. Kumar, P. Jyostna, and V. Duggi, “Evaluation
of 2-stage injection technique in children,” Anesthesia Progress,
vol. 63, no. 1, pp. 3–7, 2016.

[26] B. Blagova and N. Yanev, “Two-versus one-stage inferior nerve
block-is there a difference in the application pain levels? A
prospective clinical study,” Acta Medica Croatica, vol. 74,
pp. 329–335, 2020.

[27] S. H. P. Simons and D. Tibboel, “Pain perception development
and maturation,” Seminars in Fetal and Neonatal Medicine,
vol. 11, no. 4, pp. 227–231, 2006.

[28] M. A. Rashidi, A. Pournajaf, M. Kazemy, and S. Kaikhavani,
“Evaluating general health status using Goldberg’s General
Health Questionnaire among the staff of Ilam University of
Medical Sciences in 2015,” Journal of Ilam University of
Medical Sciences, vol. 26, no. 3, pp. 16–26, 2018.

[29] T. Ueno, H. Tsuchiya, M. Mizogami, and K. Takakura, “Local
anesthetic failure associated with inflammation: verification of
the acidosis mechanism and the hypothetic participation of
inflammatory peroxynitrite,” Journal of Inflammation Research,
vol. 1, pp. 41–48, 2008.

[30] M. Saghaei, “Random allocation software for parallel group
randomized trials,” BMCMedical ResearchMethodology, vol. 4,
Article ID 26, 2004.

[31] S. B. Nikolic, W. P. Abhayaratna, R. Leano, M. Stowasser, and
J. E. Sharman, “Waiting a few extra minutes before measuring
blood pressure has potentially important clinical and research
ramifications,” Journal of HumanHypertension, vol. 28, pp. 56–
61, 2014.

[32] J. M. Nusstein and M. Beck, “Effectiveness of 20% benzocaine
as a topical anesthetic for intraoral injections,” Anesthesia
Progress, vol. 50, no. 4, pp. 159–163, 2003.

[33] M. D. Kanaa, J. G. Meechan, I. P. Corbett, and J. M. Whitworth,
“Speed of injection influences efficacy of inferior alveolar nerve
blocks: a double-blind randomized controlled trial in volunteers,”
Journal of Endodontics, vol. 32, no. 10, pp. 919–923, 2006.

[34] R. Patini, E. Staderini, M. Cantiani, A. Camodeca, F. Guglielmi,
and P. Gallenzi, “Dental anaesthesia for children–effects of
a computer-controlled delivery system on pain and heart
rate: a randomised clinical trial,” British Journal of Oral and
Maxillofacial Surgery, vol. 56, no. 8, pp. 744–749, 2018.

[35] E.-J. Kwak, N.-S. Pang, J.-H. Cho, B.-Y. Jung, K.-D. Kim, and
W. Park, “Computer-controlled local anesthetic delivery for
painless anesthesia: a literature review,” Journal of Dental
Anesthesia and Pain Medicine, vol. 16, no. 2, pp. 81–88, 2016.

[36] M. Mehdizadeh, K. Tavakoli Tafti, and P. Soltani, “Evaluation
of histogram equalization and contrast limited adaptive histogram
equalization effect on image quality and fractal dimensions of
digital periapical radiographs,” Oral Radiology, 2022.

[37] A. Fathi, S. Hashemi, S. Tabatabaei, R.Mosharraf, and R. Atash,
“Adhesion to zirconia: an umbrella review,” International
Journal of Adhesion and Adhesives, vol. 122, Article ID 103322,
2023.

[38] E. Delgado-Molina, M. Tamarit-Borras, L. Berini-Aytés, and
C. Gay-Escoda, “Comparative study of two needle models in
terms of deflection during inferior alveolar nerve block,”
Medicina Oral, Patologia Oral y Cirugia Bucal, vol. 14, no. 9,
pp. e440–e444, 2009.

[39] A. Moaddabi, P. Soltani, M. Zamanzadeh et al., “Comparison
of the effects of articaine and lidocaine anesthetics on blood
pressure after maxillary infiltration technique: a triple-blind
randomized clinical trial,” International Journal of Dentistry,
vol. 2021, Article ID 8894160, 4 pages, 2021.

8 International Journal of Dentistry




