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Abstract
Objectives The aim of this study was to investigate the effec-
tiveness of a local anesthetic agent comprising of 4% articaine
with 1:100,000 adrenaline, administered through an infiltra-
tion technique prior to the extraction of mandibular permanent
first molar teeth.
Materials and methods The study adopted a split mouth ap-
proach and involved patients who needed simple extractions
of permanent mandibular first molar teeth on both sides. A
combination of buccal and lingual infiltrations was used on
one side, while the conventional inferior alveolar nerve block
(IANB) technique, with a 1.8-ml cartridge of 4 % articaine
with 1:100,000 epinephrine, was administered to the other.
The patients’ pain perception was assessed using visual ana-
logue scale (VAS) and verbal rating scale (VRS) after the
injection, followed by extraction.
Results As a part of the study, 104 teeth were extracted from
mouths of 52 patients. The difference in pain perception was
statistically insignificant (p > .05) regarding the local anesthet-
ic injection between the two techniques. The difference in pain
perception regarding the extraction between the two tech-
niques was also statistically insignificant (p < .05).
Conclusion No difference in pain perception between the two
techniques among the study population was noted. This indi-
cates that the extraction of permanent mandibular first molar
teeth is possible without the administration of an IANB with
the use of 4 % articaine with 1:100,000 epinephrine.

Clinical relevance The buccal and lingual infiltrations are
slightly less painful than the conventional IANB technique.

Keywords Infiltration . Inferior alveolar nerve block .

Articaine .Mandibular first molar . Tooth extraction

Introduction

Local anesthesia refers to a temporary loss of sensation in a
circumscribed area of the body. It is produced by an inhibition
of the conduction process of the action potential in peripheral
nerves without depressing the level of consciousness [1].
Profound local anesthesia results in complete absence of pain,
temperature, and touch sensations, although it does not anes-
thetize the proprioceptive fibers of the involved nerves [2].

Articaine, which was previously known as BCarticaine,^
was originally synthesized in 1969 by H. Rushing and his
colleagues and entered clinical practice in 1976. Articaine is
a unique hybrid of an amide- and ester-class local anesthetic
due to the presence of both an amide and an ester intermediate
chain in its chemical structure that contributes to rapid drug
metabolism [3]. It is also unique in that it consists of a thio-
phene ring instead of a benzene ring, which significantly in-
creases the lipid solubility of articaine [4–6].

The thiophene ring consists of a sulfur molecule, which has
led some practitioners to avoid the use of articaine in patients
with sulfur- and sulfa-based drug allergies [5, 6]. Nonetheless,
articaine remains a very popular local anesthetic worldwide,
especially in Europe. Articaine appears to be a safe and effec-
tive drug for use with routine clinical dental procedures, and
its adverse effects are very rare [7].

The infiltration and inferior alveolar nerve block (IANB)
techniques are the most frequently utilized injection tech-
niques for achieving local anesthesia in a variety of oral
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surgeries [3]. Mandibular infiltration has been routinely
avoided in treating mandibular molars due to its questionable
effectiveness, likely arising due to a thickness of a buccal
cortical plate, which precludes dissemination of the local an-
esthetic solution [8]. Infiltration anesthesia is a commonmeth-
od used to anesthetize maxillary teeth [3].

The IANB injection is the anesthetic technique of choice
when extracting lower mandibular posterior teeth. However,
this technique does not always result in successful pulpal an-
esthesia, as highlighted by failure rates that are reported to
range from 20 to 25 %. Some authors attribute this failure rate
to the limited accessibility to the inferior alveolar nerve and a
wide anatomical variation among patients [9]. The IANB
technique involves insertion of a needle near the mandibular
foramen in order to deposit a local anesthetic solution in close
proximity to the nerve before it enters the foramen. The use of
IANB is associated with several complications, which include
pain, trismus, needle breakage at the point of injection, facial
paralysis, and hematoma [10, 11]. Other, less frequent, com-
plications include extraocular muscle paralysis and necrosis of
the skin of the chin [12]. Recently, practicing clinicians started
investigating the possibility of making the infiltration anesthe-
sia an effective alternative to the IANB approach [13–17]. The
duration of IANB and its associated discomfort due to lip and
tongue numbness usually exceeds the length of the dental
treatment, especially extraction.

The aim of this study was to investigate the effectiveness of
a local anesthetic agent comprising of 4 % articaine with
1:100,000 adrenaline, administered through the infiltration
technique prior to the extraction of mandibular permanent first
molar teeth.

Materials and methods

This prospective controlled study followed a split mouth pro-
tocol and involved 56 patients, who were referred from the
Initial Treatment Unit of the Dental Teaching Center to Oral
and Maxillofacial Surgery Clinics at Faculty of Dentistry at
Jordan, University of Science and Technology, for the extrac-
tion of bilateral mandibular permanent first molar teeth.

In order to participate in the study, patients had to be above
the age of 18, have no relevant medical history, and not be
taking any medication that would alter pain perception, such
as opioids. These inclusion criteria were applied by viewing
participants’ written health histories and asking patients to
provide pertinent information.

Patients were excluded from the study if they met any of
the following criteria: familiarity with the researcher, known
or suspected allergies to local anesthetics or sulfites, pregnan-
cy, history of significant medical conditions (American
Society of Anesthesiology Class II or higher), an active infec-
tion or presence of pus at the site of injection, need for an

emergency extraction because of intense pain, inability to pro-
vide informed consent, and failure of local anesthesia after
more than half an hour.

The lower first molars of patients that were recruited for the
study were examined clinically and radiographically for the
presence of any signs of periodontal disease, including, tooth
mobility, bone resorption, and periapical pathosis.

After the treatment was explained to the patient, he/she was
encouraged to ask questions to alleviate any worries or doubts
before signing the consent form. Approval was obtained from
the Institutional Review Board (IRB), at Jordan University of
Science and Technology. All recruited patients provided in-
formed written consent. Prior to commencing the treatment,
all participants were interviewed by the researcher in the Oral
and Maxillofacial Surgery Clinic using a health history form
for recording the following data: name, gender, age, job, mar-
ital status, address phone number, medical history, medica-
tions, oral hygiene measures, past dental history, and social
history (including cigarette smoking frequency and the num-
ber of cigarettes smoked per day, whereby those that reported
≥5 were considered smokers).

Of the original 56 patients, 52 met the inclusion criteria and
reported none of the exclusion criteria. These patients received
two separate injections, whereby a combination of Buccal and
lingual infiltration injections was administered on one side of
the mouth, whereas a standard IANB was employed on the
other, via a 1.8-ml cartridge of 4 % articaine with 1:100,000
epinephrine (Septanest, Septodont, Saint Maur des Fossés,
Cedex, France). Each patient received each treatment over
two visits, separated by at least 1 week. All anesthetic injec-
tions were administered by the same surgeon and no topical
anesthetic was used before injection.

The infiltration injections were administered using stan-
dard cartridges of 1.8 ml 4 % articaine. For the buccal infil-
tration, the needle was positioned toward the mandibular first
molar at the location of the apex bisecting the approximate
location of the mesial and distal roots. After aspiration, the full
cartridge was deposited over a period of 60 s. The lingual
infiltration was administered to the lower first molar, at an
approximate location at the root apices at the lingual site of
the lower first molar. A 0.9 ml cartridge of articaine was de-
posited slowly over 30 s.

The IANB LINDSAY technique was also administered
using one cartridge of 1.8 ml for the inferior alveolar and
lingual nerve block and a cartridge of 0.9 ml for the long
buccal nerve block. Subjective symptoms included tingling
and numbness of the lower lip and tip of the tongue.
Objective symptoms comprised of the absence of pain sensa-
tion during mucosal puncturing with a probe around the tooth,
as well as the absence of pain at the start of extraction. Each
patient was frequently asked for the incidence of lip numb-
ness. If profound lip numbness was not achieved, the block
injection was repeated by applying an additional amount of
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local anesthetic solution. If the waiting time to commence the
surgical procedure exceeded 30 min, the patient was excluded
from the study. The amount of local anesthetic solution need-
ed to complete the extraction was recorded (expressed in ml)
for both techniques.

A visual analogue scale (VAS) provides easy, sensitive,
valid, and reliable means to measure a variety of subjective
parameters in both clinical and research settings [18]. The
most common VAS consists of a 10-cm horizontal line with
one end defined as complete absence of pain and the other as
the worst pain imaginable. Verbal rating scale (VRS) contains
series of verbal pain descriptors pertaining to different levels
of pain intensity, ranging from the least to most intense. When
administering this scale, the patient is asked to choose the
word that best matches the level of perceived pain. The main
advantages of these scales include that they are easy and sim-
ple to score, provide validity and reliability, and can be read to
the patient by the interviewer, making them particularly suit-
able for older individuals [19].

For the evaluation of the pain induced by the injection,
three scales were employed, comprising of 100-mm VAS
and two VRS (VRS1 and VRS2).

Following local anesthetic injection, each patient was
asked to make a vertical mark in the line corresponding to
the pain that was experienced during the injection, and the
distance from the left end of the scale to the patient’s mark
was used as a numerical index of the severity of pain experi-
enced. The VRS1 allowed the patient to choose among Bmild,
^ Bmoderate,^ and Bsevere^ pain. The VRS2 also offered only
three categories describing the intensity of Bpainless than ex-
pected,^ Bas expected,^ and Bgreater than expected.^ All par-
ticipants were first asked to complete the VAS, whereby the
effectiveness of each anesthesia technique was assessed by
evaluating the presence or absence of pain. The reason for
extraction was also recorded.

For the side of patient’s mouth on which the infiltration
technique was used, after the sequence of the anesthetic ad-
ministration, a 5-min waiting period was allowed to elapse
before the tooth was extracted, while surreptitiously checking
for lip numbness. The extraction was performed by forceps or
elevator after examining local anesthetic success by punctur-
ing the surrounding mucosa. If the patient expressed any signs
of pain, waiting time was prolonged by 5-min increments, up

a maximum of 30 min. If pain was still present after 30 min
have elapsed, change to standard IANBwas necessary and the
patient was excluded from the subsequent analyses. Following
tooth removal, each patient was asked to rate the pain induced
by extraction using the VAS and VRS scales. The time of
extraction in minutes from the first relatively painless applica-
tion of forceps and elevator until complete tooth removal was
also recorded. Any intraoperative complications that occurred
during the extraction were recorded as well. The extraction
procedure was performed by the same surgeon.

The data yielded by administering the above scales and
questionnaires were numerically coded, before being analyzed
using Statistical Package for Social Sciences (SPSS) software
(version 15.0 SPSS® Inc., Chicago, IL, USA), descriptive
statistics, paired sample t test, and independent samples t test,
to determine if the differences were statistically significant (at
p < .05).

Results

From the 56 patients seen at the clinic, 52 remained in the study,
as four were excluded. Of those, one patient required surgical
extraction with mucoperiosteal flap reflection, two patients
failed to attend the next appointment scheduled for extraction
of the tooth on the other side, and one individual did not re-
spond to anesthesia within the prescribed 30 min. Thus, the
study sample comprised of the remaining 52 patients, from
whom 104 permanent mandibular first molar teeth were ex-
tracted. As previously noted, the split mouth study protocol
was adopted, whereby 52 permanent mandibular first molar
teeth of one side were extracted using the infiltration technique,
whereas the other 52 teeth were extracted under the conven-
tional inferior alveolar nerve block technique. The study sample
comprised of 19 male and 33 female patients, aged from 18 to
60 years, with the mean age of 33 ± 11.26 years, as shown in
Table 1.

When patients’ medical histories were analyzed, the find-
ings revealed that 39 (75 %) participants had previous extrac-
tions in the mandible, whereas the remaining 13 (25 %) did
not. In addition, 28 patients (53.8 % of the sample) reported
being smokers; however, no statistically significant differences
were found between smokers and nonsmokers (p = .12).

Table 1 Gender and age
distribution among study
population

Gender Age (years) Total (%)

18–27 28–37 38–47 48–57 >57

Male 3 9 4 2 1 19 (36 %)

Female 9 7 5 9 3 33 (64 %)

Total (%) 12 (23.1 %) 16 (30.8 %) 9 (17.2 %) 11 (21.1 %) 4 (7.7 %) 52 (100 %)
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The reasons for requiring extraction included caries,
retained roots, orthodontics, and endodontic failure. The ex-
tractions performed following the application of the infiltra-
tion technique included 13 (25 %) due to caries, 32 (61.5 %)
due to root retention, 3 (5.8%) due to orthodontic reasons, and
4 (7.7%) due to endodontic failure. The extractions performed
following the application of the IANB technique comprised of
10 (19.2 %) due to caries, 39 (75 %) due to root retention, and
3 (5.8 %) due to orthodontic reasons, with no teeth extracted
due to endodontic failure. There were no statistically signifi-
cant differences between causes of extraction between the two
techniques (p = .052), as shown in Fig. 1.

Intraoperative complications that were encountered during
the extraction procedure included fracture of the tooth crown
or the root, trauma to the soft tissues, and pain. On the inferior
alveolar nerve block side, fracture of tooth was encountered in
six extractions, soft tissue trauma was recorded in one extrac-
tion, and patients reported pain in three cases, with no com-
plications encountered in 42 extractions, which corresponds to
11.5, 1.9, 5.8, and 80.8 % of the sample, respectively. On the
infiltration side, tooth fracture was encountered in seven ex-
tractions (13.5 %), with no complications in the remaining 45
extractions (86.5 %). No significant differences were noted
between the two techniques (p = .10).

The amount of local anesthesia injected was recorded for
both techniques (expressed in ml) and ranged from 2.7 to
5.4 ml with a mean of 3.6 ± 0.9 for IANB technique and 2.7
to 3.6 ml with a mean of 2.7 ± 0.02 for the infiltration tech-
nique. The difference between the two techniques regarding
the amount of local anesthesia was statistically significant
(p = .04), as shown in Fig. 2.

The waiting time between administering the IANB tech-
nique and commencing extraction ranged from 4 to 23 min
with a mean of 13.13 ± 4.25, while for the infiltration tech-
nique, it ranged from 5 to 30 min with a mean of 18.55 ± 7.6.

The difference in the mean waiting time between two tech-
niques was statistically significant (p = .02), as shown in Fig. 3.

The extraction time following the application of IANB and
was anesthesia ranged from 8 to 34 min with a mean of
13.42 ± 5.31 and for the infiltration technique it ranged from
7 to 27 with a mean of 16.92 ± 14.58. The difference in the
extraction time between the two techniques was not statisti-
cally significant (p = .12).

The VAS scores for the pain experienced due to the IANB
injection ranged from 14 to 75 mm with a mean of
41.37 ± 15.16 mm, while for the infiltration technique, the
pa t ients repor ted 15 to 71 mm with a mean of
38.58 ± 15.18mm. The difference between the two techniques
was not statistically significant (p = .28).

Following the application of the IANB technique, 37
(71.2 %) patients reported experiencing mild pain, and the
remaining 15 (28.8 %) reported no pain, whereas severe pain
was not reported by any of the patients. For the infiltration
technique, 24 (65.4 %) patients reported mild pain and two
(3.8 %) reported severe pain, with the remaining 26 patients
reporting no pain. The difference between the two techniques
was not statistically significant (p = .82).

For the IANB technique, 36 (69.2 %) patients stated that
the pain experienced was less severe than they expected and
none described it as greater than they expected. For the infil-
tration technique, 35 (67.3 %) patients noted that the pain
experienced was less severe than they expected and 17
(32.7 %) rated it Bas expected.^ There were no statistically
significant differences between the two techniques (p = .76).

The VAS scores pertaining to the extraction procedure per-
formed following the administration of the IANB technique
ranged from 0 to 70 with a mean of 16.78 ± 15.18, and for the
infiltration technique, it ranged from 0 to 35 with a mean of
12.78 ± 11.73. The difference between the two techniques was
statistically insignificant (p = .11).

Fig. 1 Causes of extraction
between two technique groups
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Following the application of the IANB technique, mild
pain during extraction was reported by 42 (80.8 %) patients,
and only one individual (1.9 %) reported severe pain. In the
infiltration technique, 37(68 %) patients reported mild pain
and 15 (32 %) reported moderate pain. The difference be-
tween the two techniques was statistically significant
(p = .006), as shown in Fig. 4.

Following the administration of the IANB technique, 46
(88.5 %) patients indicated that the pain they experienced
was less severe than expected, while this rating was noted
by 51 (98.1 %) patients in the infiltration technique. No one
stated that the pain was greater than they expected in either
technique. The difference between the two techniques was
statistically significant (p = .02), as shown in Fig. 5.

Finally, while female patients reported overall higher mean
pain ratings for injection, the gender differences were not sta-
tistically significant (p = .05).

Discussion

The long-held view that an IANB with subsequent lingual
nerve block and long buccal nerve block injection is necessary

to attain adequate anesthesia for the extraction of permanent
mandibular teeth is now being challenged by both researchers
and practitioners. The administration of a local anesthetic is
the most common procedure in dentistry. While IANB is the
most widely used mandibular injection technique for achiev-
ing local anesthesia for restorative and surgical procedures, it
has a significant failure rate. This adverse outcome is typically
attributed to its susceptibility to anatomical variations in the
mandibular foramen and difficulty of anesthetizing a number
of accessory innervations pathways [20]. Infiltration anesthe-
sia is the most frequently employed technique in the upper jaw
through which pulpal anesthesia is gained by diffusion of local
anesthetic solution into the cancellous bone via the thin corti-
cal plate of the maxillary alveolus [13]. Several authors have
conducted studies comparing pain from various forms of an-
esthetic [14–16]. However, to our knowledge, no controlled
trials comparing pain experienced with these two approaches
to anesthetic injection have been conducted to date. The use of
primary infiltration anesthetic technique when treating or
extracting the mandibular teeth has been investigated in the
past, with some studies reporting that infiltration is effective
for many treatments in the mandibular deciduous dentition
[21, 22]. Corbett et al. [16] compared the efficacy of buccal
infiltration with Articaine to buccal plus lingual infiltration
with articaine, whereby the mean pain score for the of overall
injection was 20.9 mm on a 100-mm VAS without topical
anesthesia. Buccal alone and buccal plus lingual infiltration
injections were also compared for efficacy of pulpal anesthe-
sia of the mandibular first molar using lidocaine in a study by
Meechan and Kanaa [23]. In addition, 95 % success was
shown for mandibular premolar forceps extraction with buccal
infiltration with articaine only [24, 25]. Infiltration in the buc-
cal vestibule opposite the mandibular first molar by A100
3.6 mL may be a good option for extraction of mandibular
third molars, with supplemental lingual anesthesia [26].
Buccal infiltration at the first mandibular molar is more effec-
tive than lingual infiltration in the same region in obtaining
anesthesia of the mandibular first molar and premolar teeth
[27].The pain of the local anesthetic injection is known to be
poorly tolerated by patients. It provides many advantages over
block technique, because it is simple to use, more comfortable
to patients, provides hemostasis, counters collateral supply,
avoids nerve trunk damage (particularly inferior alveolar
nerve block which is frequently used), minimizes the risk of
intravascular injection, is safer in bleeding diatheses such as
hemophilia, and minimizes needle stick injury [13]. Authors
of two recent investigations reported that articaine was supe-
rior to lidocaine in producing pulpal anesthesia in the mandib-
ular first molars after buccal infiltration [14, 15]. Therefore,
this study evaluated pulpal anesthesia using articaine for ex-
traction of mandibular permanent first molar teeth. Articaine
has the clinical reputation for successfully penetrating bone,
allowing successful pulpal anesthesia of mandibular teeth

Fig. 2 Mean amount of local anesthesia injected between two techniques

Fig. 3 Mean waiting time between two techniques
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with buccal injection. Thus, practitioners could use this tech-
nique routinely to anesthetize the mandibular posterior teeth
and avoid the lip numbness typically associated an inferior
alveolar nerve block. Some authors have shown that only
buccal or buccal plus lingual infiltrations could provide suc-
cessful anesthesia, in 32 % to 67 % of patients with lidocaine
and 57% to 92%with articaine, even without giving standard
IANB [14–16, 23]. Corbett et al. [16] found that efficacy of
buccal or buccal plus lingual infiltrations of 4 % articaine with
epinephrine for first molar pulp anesthesia was similar to that
of an IANB using lidocaine with epinephrine. Some studies
also indicate that articaine is able to diffuse through soft and
hard tissues more reliably than other local anesthetics.
Moreover, pertinent literature suggests that mandibular buccal
infiltration of articaine provides pulpal anesthesia of the lower
first molar, obviating the need for an IANB [16]. The purpose
of the current study was to evaluate the possibility of
extracting the mandibular molar teeth by infiltration tech-
nique, as well as compare the patients’ perceived level of pain
associated with both injection and extraction. In this

investigation, no study power or sample size calculations were
performed. The research protocol chosen was split mouth,
whereby the extraction of permanent lower first molars in both
sides was performed in each study participant.

The study population comprised of 52 patients, of whom
19 were males and 33 females. The participants were aged 18
to 60 years, with an average of 33 years. The age range in this
study was similar to that in the sample of another study [15];
however, the mean age in this study is higher. Subjects youn-
ger than 18 years were not included in this study, since evi-
dence suggests that young patients may find the process chal-
lenging due to psychological aspects, such as strong anxiety,
possibly leading to panic, in addition to the potential difficulty
of evaluating pain [25]. Regarding previous extractions in the
mandible, only Uckan et al. [28] considered this variable in
the recruitment of their sample, with the experience of previ-
ous extraction in the maxilla being a condition of inclusion in
their study. In the present study, such experience was not re-
quired for inclusion. However, previous extraction experience
yielded statistically significant differences in pain perception

Fig. 4 Verbal rating scale 1 for
extraction in two techniques

Fig. 5 Verbal rating scale 2 for
extraction in two techniques
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among the participants (p = .03). Therefore, we posit that
some of the patients that required extraction in the past may
have had negative experience, which would likely affect their
pain rating. In addition, patients’ smoking status was based on
their self-reports rather than measurement of nicotine level,
even though relying on patients to provide this data has been
found to lead to underestimates of up to 4% [29]. In this study,
all individuals that noted smoking ≥5 cigarettes per day were
classified as smokers, whereas all others were classified as
nonsmokers. Still, the pain perceptions were unaffected by
this variable, as no statistically significant differences between
smokers and nonsmokers were noted (p = .12).

The bilateral permanent mandibular first molars were ex-
tracted to conduct this study that adopted split mouth design,
in line with the work of Padhye et al. [30] The lower perma-
nent first molar was chosen due to many clinical trials con-
ducted in endodontic field, focusing on this tooth. Some stud-
ies also assessed it for possibility of pulpal anesthesia using an
infiltration technique only, owing to the slightly thinner buccal
plate compared to the most posterior teeth [3].

In the present study, the reasons for tooth extraction includ-
ed caries, orthodontics, remaining roots, and endodontic fail-
ures and had no effect on the study results (p = .052). Patients
that presented with any signs of periodontal disease were ex-
cluded from the study because a decrease in the bony support
around these teethmay facilitate the escapement of buccally or
lingually administered local anesthesia to periodontal liga-
ment. As a result, this becomes intraligamentary anesthesia
administration, rather than infiltration, which would adversely
affect the accuracy of results of the study that investigates the
ability of local anesthetic agent to pass through a bony barrier
buccally and lingually. Similarly, because the effect of local
anesthetic decreases, patients with symptomatic teeth that re-
quired an emergency extraction due to irreversible pulpitis
were excluded from the study. In fact, available evidence sug-
gests that local anesthetic failure is eight times higher in symp-
tomatic teeth, due to irreversible pulpitis, compared to normal
vital teeth [15], and thus may need repeated block to be anes-
thetized due to hyperalgesia [31]. Furthermore, patients pre-
senting with teeth showing any signs of symptomatic
periapical infection or surrounding inflammation were also
excluded because, during inflammation, polymodal
nociceptors are sensitized and their excitation threshold de-
clines, whereby even light normally innocuous stimuli would
activate them and cause pain. Because all injections were giv-
en by the same practitioner, operator difference was not a
factor in the findings of this study.

Intraoperative complications that were encountered during
the extraction procedure included fracture of the tooth, wheth-
er fracture of the crown or the root, soft tissue trauma, and
intolerable pain. Supplemental anesthesia according to the
study protocol was administered to patients that reported in-
tolerable pain. The difference in the occurrence of

intraoperative complications between the two techniques
was not statistically significant (p = .10). In addition, the
amounts of buccally and lingually administered local anesthe-
sia were recorded for each patient (in ml) until complete tooth
removal. As the researcher performed all procedures and mea-
surements, any errors introduced could be ignored, since they
would apply equally to both techniques. The mean amount of
buccally and lingually administered local anesthesia was sig-
nificantly different between the two treatments (p = .04). This
clearly demonstrates that, if the IANB is to be avoided, less
local anesthetic could be used. This is most likely because
three sites would be anesthetized (inferior alveolar, lingual,
and long buccal), which require a proper technique with an
adequate amount of solution. In the infiltration technique, a
larger volume with higher concentration of anesthetic agent is
deposited closely to the tooth, assuming that articaine is capa-
ble to penetrate and diffuse through dense compact bone to
reach the sensory supply of the tooth [3]. In fact, in the case of
2 % lidocaine with epinephrine, 2 ml of anesthetic solution
was reported effective [32]. Therefore, in the present study, all
patients were given only 1.5 cartridge for the infiltration tech-
nique, with a similar amount used for IANB, lingual, and long
buccal nerve blocks before beginning the extraction proce-
dure. Moreover, additional anesthesia was delivered only
when it was judged that it was needed to complete the proce-
dure. In the current study, the volume of anesthetic agent was
similar for both techniques. The protocol of local anesthetic
administration adopted in this work allowed adequate waiting
time and amount of local anesthesia in both techniques to
diffuse and provide adequate anesthesia for both hard and soft
tissues. Thus, if the desired effect was not achieved at the end
of the procedure, it would be the result of inability of the
anesthetic solution to diffuse through thick bony barriers. As
previously noted, waiting time was measured from the time of
the needle insertion until the appropriate manifestation of an-
esthesia suitable for whatever work is to be carried out pain-
lessly and was recorded for both techniques. The mean
waiting time in the infiltration technique was longer than for
the IANB technique and this difference was statistically sig-
nificant (p = .02). This finding suggests that, in the infiltration
technique, longer time was needed to allow the anesthetic
agent to pass through thick bony tissue to reach and anesthe-
tize the pulp of the molar teeth, compared with the IANB,
which deposited the anesthetic agent near the mandibular fo-
ramen, where the main inferior alveolar nerve trunk enters the
mandible. The waiting times for the IANB ranged from 5 to
20 min with a mean of 10.13 ± 4.25, whereas for the infiltra-
tion technique, it ranged from 5 to 30 min with a mean of
20.55 ± 7.6. These values are similar to the findings reported
elsewhere, as the authors reported that higher diffusion of
articaine was obtained after a waiting period of 15 min [33].
Extraction time was recorded for each patient, measured in
minutes from the relatively pain-free application of an elevator
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or forceps until total removal of the tooth from its socket. The
difference in the mean of extraction time between the two
techniques was statistically insignificant (p = .12). This sug-
gests that extraction difficulty was comparable between the
two techniques, strengthening the study results. The IANB
was administered first, in order to lessen the stress for the
patient due to waiting for a long period and the patient was
encouraged to come to the next visit for the infiltration tech-
nique. Topical anesthesia was not applied prior to needle in-
sertion in this study because the efficacy of topical anesthesia
in posterior mandible is questionable and it may be considered
as a confounding variable that can mask the subject’s pain
perception [34]. A 25-gauge needle was used, as it has been
shown to minimize needle deflection because of its larger
diameter and heavier construction [35]. In addition, local an-
esthetic solution was deposited over a period of 1 min. The
adequacy of anesthesia was determined by the presence or
absence of pain, as indicated by the patient. The perception
of pain induced by the injection and the pain perception during
extraction were assessed using one visual analogue scale and
two verbal rating scales in all subjects. As suggested by Brigg
and Closs [20], the VAS scores were obtained before admin-
istering the VRS, to minimize bias caused by patient trying to
match the word chosen with a mark on the VAS. The main
advantage of these scales is that they directlymeasure the level
of discomfort perceived by the patient and are considered to
have a good reliability and validity when participants self-
report the pertinent information [20]. While the VAS is more
sensitive and allows the use of parametric statistical methods,
the VRS is easier to administer, especially for elderly patients,
as well as allows for nonparametric statistical methods. [36]
Therefore, in order to increase the reliability of the study re-
sults, three different scales were used. Many authors used a
combination of VAS and VRS to assess patients’ perceptions
of pain during the anesthetic injections and extractions [28,
37, 38]. Subjects were instructed to score the VAS based on
the overall level of discomfort experienced during the injec-
tion. In this study, the experienced injection pain and discom-
fort is possibly due to the needle piercing through the mucosa,
the needle tip hitting periosteum, the rate of local anesthetic
deposition, and the expansion of the tissue in the
pterygomandibular space on one side and buccal with lingual
tissues on the other side [39]. The mean VAS score associated
with the two techniques was comparable (p = .28), which is in
contrast with the findings reported by Sharaf [20]. The differ-
ence in pain perception between the infiltration and IANB is,
on the other hand, similar to that reported by Jung et al. [16]
The results of VAS regarding the injection pain were mirrored
by the result of VRS1, where the vast majority of patients
rated the injection pain associated with both techniques as
mild, with a few individuals rating it as moderate and none
as severe. The difference between the two techniques was not
statistically significant (p = .82). On the other hand, when

rating the injection pain associated with IANB, only half of
the patients noted it as mild, with a similar number experienc-
ing moderate pain and some reporting severe pain. The VRS2
results revealed that the vast majority of patients expected the
injections to be more painful than they actually are. Moreover,
it seems that patients in general expect the infiltration injection
to be more painful than the IANB one. This is probably the
reason behind lack of significant differences between the two
techniques with respect to the expected injection-related pain
(p = 0.76). It is likely that previous extraction experience
prepares patients for pain associated with injections. The ma-
jority of patients in this study had previous extractions and
hence injections in the mandible. When the VAS scores for
the extraction itself are considered, no significant differences
between the two techniques were noted (p = 0.11). On the
other hand, the VRS1 scores for pain induced by extraction
revealed statistically significant differences between the two
techniques. The vast majority of participants rated pain of
extraction as either mild or moderate, with only a few rating
it as severe. These differences can be explained by varying
pain thresholds among patients and the intense pressure felt by
some patients during the extraction, which may be difficult to
differentiate from pain. Regarding patient’s expectation of ex-
traction pain, the VRS2 scores pertaining to the two tech-
niques indicate that the difference in the extraction pain per-
ception was not due to the anesthetic injection. In addition, the
fact that the majority of patients, regardless of the technique,
noted that the pain was less severe than they expected is dif-
ficult to explain, given that the majority had mandibular ex-
traction in the past. It is possible that the fear of tooth extrac-
tion exaggerated patient’s expectation before the actual extrac-
tion. The VAS and VRS results for the extractions suggest that
the extraction of mandibular molar teeth without the adminis-
tration of IANB injection is possible, whereby the buccal and
lingual administration of articaine is used instead. This study
was designed so that IANB injections would be given to any
patient for whom the infiltration approach was insufficient.
However, none of the participants required additional IANB
injection. This makes the success rate of infiltration technique
for mandibular first molar extraction without IANB 100 %.
When extraction reasons were ranked according to their re-
spective success rates, the order was remaining roots > ortho-
dontic treatment > profound caries > endodontic failure. This
finding can be explained by the fact that most of the extrac-
tions were performed on root remnants, with only a small
percentage of vital pulp teeth. The pain that occurred due to
the IANB failure can probably be ascribed to the presence of
accessory innervations, anatomical variations, or faulty
technique.

While female patients reported overall higher mean pain
ratings for injection, the gender differences were not statistical-
ly significantly different (p = .05). When the type of injection
was ignored in the analyses and the pain perceptions of male
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and female patients were compared, the extraction-related pain
was significantly higher in female than in male group (p = .01),
which can be explained by the posited lower pain threshold in
females [39]. On the other hand, Unruh [40] reported that fe-
males have higher pain tolerance, experience pain more fre-
quently, and can endure pain for longer periods compared to
males. In addition, the perception of extraction pain was found
to increase with extraction duration, which is consistent with
the findings reported by Badcock et al. [39] However, when the
type of injection was ignored in the analyses, the reason for the
tooth extraction did not affect the perception of extraction pain,
which contradicts the findings reported by Fan et al. [38]
Although these authors stated that articaine is associated with
nerve sensation alteration more highly than other local anes-
thetic agents, none of the participants in the present study ex-
perienced this complication. However, a comparison of the two
injection techniques for extraction of lower molar teeth has
never been conducted in the past. In this study, lip numbness
that occurred in five patients following the infiltration technique
may be due to wide diffusion of the local anesthetic agent
Articaine to the mental foramen due to the close proximity of
injection site to themental foramen. Phillips et al [41] noted that
the foramen is alignedwith the long axis of the second premolar
in 63 % cases. In addition, when the foramen was mesial or
distal to the long axis of the second premolar, it was within
2 mm of the long axis.
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