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Objective: The aim of this study was to compare the success rate of anaesthesia with 3% prilocaine and felypressin (0.03 IU/mL) in maxillary first and second molar teeth with irreversible pulpitis.
Methods: The study population was 159 patients (53 males, 106 females) who had maxillary first or second
molar teeth with irreversible pulpitis (84 first molars, 75 second molars). A buccal infiltration of 3% prilocaine
with 0.03 IU/mL felypressin was used as the primary anaesthetic technique. In addition to using a categorised
pain score, sound, eye movement and body motion were considered signs of anaesthesia efficacy. The data
were analysed with independent t and Chi‐square tests. Significance was set at α=0.05.
Results: Overall, the success rate was 56.6% in maxillary molars, 53.6% in maxillary first molars, and 60% in
maxillary second molars. There was no statistically significant difference between maxillary first and second
molars in terms of anaesthesia success rate (P>0.05). The overall success rate of intraligament supplementary
injections was 50%, and intrapulpal supplementary injections was 97.91%. No significant difference was found
between maxillary first and second molars in terms of the success rate of the supplemental techniques (P>0.05).
Conclusion: No significant difference was found between maxillary first and second molars in terms of
anaesthesia success rate when 3% prilocaine with 0.03 IU/mL felypressin was used as an anaesthetic solution
for the infiltration injection.
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HIGHLIGHTS
•

•

•

This study compared the success rate of anaesthesia with 3% prilocaine and felypressin (0.03 IU/mL)
in maxillary first and second molar teeth with irreversible pulpitis.
A categorised scale based on patients’ need for further anaesthesia was used to evaluate the patients’
pain and anaesthesia success.
Anaesthesia success rate between maxillary first and
second molars with irreversible pulpitis was not significantly different following buccal infiltration injections of 3% prilocaine with 0.03 IU/mL felypressin.

INTRODUCTION
Effective pain management can be
a challenge in endodontic practice
(1). Therefore, numerous investigations have evaluated different
anaesthetic solutions and techniques to introduce practical strategies for pain management during
endodontic treatment (2-7).

Lidocaine has been the most popular anaesthetic agent employed
by dentists around the world (8).
However, a recent network systematic review and meta-analysis reported that lidocaine was
weaker than prilocaine and articaine in terms of the success rate of anaesthesia for inferior alveolar
nerve block (IANB) injections in patients with irreversible pulpitis (7). Furthermore, another study
described that prilocaine has a shorter onset of anaesthesia than lidocaine in a buccal infiltration technique and can be used when lidocaine is contraindicated (9). Therefore, based on recent
studies, it would be helpful to investigate prilocaine in combination with anaesthetic solutions for
anaesthetising teeth with irreversible pulpitis.
It has been generally accepted that mandibular molars are the most difficult teeth to anaesthetise,
especially if irreversible pulpitis is present (1, 8). Therefore, most investigations in endodontics
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have focused on the success of IANB injections. Several studies have compared the anaesthesia success rate in maxillary
molars with irreversible pulpitis (10-15), but these studies
have only evaluated maxillary first molars. However, due to
the anatomical variations, such as different cortical plate
thicknesses over the maxillary first and second molars and the
position of the malar bone, it may be possible to have different success rates when infiltration injections are used as the
primary anaesthetic technique for maxillary first and second
molars (16-19).

Before commencing the treatment, patients were interviewed
and graded with a four-category pain scale (no pain, mild
pain, moderate pain, severe pain). One well-experienced
practitioner performed all steps of the treatment. All patients
received a complete description of the procedure and were
asked to raise their hand if they felt any pain or discomfort
during access cavity preparation and root canal instrumentation. In addition, during the treatment, the practitioner paid
full attention to the patients’ responses, such as any sound, eye
movement, or body motion (SEM) (21).

Supplementary injections should be used when a primary
anaesthesia technique has not provided adequate anaesthesia (1). However, it has been reported that the success rate of
supplementary techniques is not the same in different regions
of the oral cavity (20).

For each patient, 20% benzocaine gel (Premier, Philadelphia,
PA, USA) was used as a topical agent to anaesthetise the buccal mucosa at the injection site. After 1 minute, all patients received 1.8 mL of 3% prilocaine with 0.03 IU/mL felypressin (Persocaine, Daru Pakhsh, Tehran, Iran) as the anaesthetic agent by
needle penetration (27-G 25 mm needle; Nik Rahnama Kar Co,
Tehran, Iran). An infiltration injection was used as the primary
anaesthetic technique. The place of injection was between the
mesiobuccal and the distobuccal roots of the maxillary first or
second molars. The injection was slowly administered for over
1 minute. Five minutes after injection of the anaesthetic solution, the tooth was isolated with a dental dam, and the access
cavity preparation was commenced.

Therefore, the aim of the present investigation was to compare the efficacy of 3% prilocaine with 0.03 IU/mL felypressin
as the anaesthetic agent for maxillary first and second molar
teeth. The primary hypothesis of this clinical investigation was
that there is no significant difference between anaesthesia
success rates for maxillary first and the second molars. The secondary hypothesis was that there is no significant difference
between the success rates of supplementary techniques for
anaesthetising maxillary first and second molars.
MATERIALS AND METHODS
In a prospective investigation with Ethics Committee reference number IR.KMU.REC.1398.236, the study population
were all patients with the following inclusion criteria that attended a private office limited to endodontic treatments from
April 2016 to October 2019.
Sample size calculations required 70 patients in each group to
detect a difference of 20% in the success rate of anaesthesia.
The inclusion criteria were males and females with ASA I and
II health classification, 18 to 65 years old, maxillary first and
second molars with irreversible pulpitis, and no systemic contraindication. Furthermore, they had no history of hypersensitivity to 3% prilocaine with 0.03 IU/mL felypressin, the presence of pulp bleeding after preparing the access cavity, and no
history of analgesic consumption during the 12 hours before
treatment. Irreversible pulpitis was defined with a history or
presence of spontaneous pain and lingering pain to a cold
stimulus.
The exclusion criteria were lactation or pregnancy, presence
of a periapical radiolucency, sensitivity to percussion, chronic
consumption of alcohol or any medication that may affect
pain perception. Furthermore, unrestorable teeth, teeth with
severe periodontal involvement, moderate to severe spontaneous pain, pulp necrosis, and teeth with swellings or sinus
tracts were excluded.
After applying the inclusion and exclusion criteria, 159 patients (53 male, 106 female) with 84 first and 75 second maxillary molars with irreversible pulpitis were included.

If a patient felt pain and raised their hand or any SEM were
noted, the practitioner stopped working and asked the patient about the quality of pain and if they needed another
anaesthetic injection for pain relief. The anaesthetic injection
was considered a “success” if the patient had no pain or mild
pain and no need for supplementary techniques. The injection was considered a “failure” if the patient had moderate to
severe pain or asked for a further anaesthetic injection. If a
patient’s initial response was “success” but later raised a hand
or had a positive SEM response following the treatment without supplementary injection, the anaesthetic injection was
categorised as a “failure”, and a supplementary injection was
administered. Supplementary injections were palatal, intraligamentary and intrapulpal injections, as required for each case.
In the palatal infiltration technique, 0.5 ml of 3% prilocaine
anaesthetic solution with felypressin 0.03 IU/mL was injected gently in the middle of the space between the midpalatal
raphe and the palatal gingival margin using a 27-G, 25 mm
length needle, while the needle tip was toward the bone. The
needle penetration depth was based on preoperative periapical radiography. The tooth’s length was estimated using the
parallel technique based on the periapical radiograph taken
with an XCP (Dentsply Sirona, RINN, Konstanz, Germany). In
maxillary first molar, since the malar bone process may prevent determining the needle penetration depth, the needle
was penetrated as far as possible.
The needle for the maxillary second molar was penetrated
based on the estimated working length. In case of anaesthesia failure and need for supplementary injection, the same
syringe was used. The intraligamentary technique was performed with a 27-G, 25 mm length needle placed at an angle
of 30 degrees to the longitudinal axis of the tooth, entering
the mesial gingival sulcus with maximum penetration and
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0.2 ml of 3% prilocaine anaesthetic solution with felypressin
0.03 IU/mL was injected with pressure. This was also done on
the distal side of the tooth. The distinction between “success”
and “failure” of supplementary injections was similar to the
main infiltration technique. “Failures” of the main technique
received supplementary injections, and “failures” of a supplementary technique received another injection. One week later,
all patients were questioned to ask about any side effects from
the infiltration and supplementary injections.
Continuous and categorical data were analysed with an independent t-test and a Chi‐square test, respectively. P<0.05 was
considered statistically significant. Statistical analysis was performed using SPSS software version 22 (IBM Corp., Armonk,
NY, USA).
RESULTS
One hundred fifty-nine patients were eligible to participate
in this study. The patients’ characteristics, such as gender and
mean age, are summarised in Table 1. There was no significant
difference in gender, mean age, and the number of the first
and second maxillary molars (P>0.05).
At the beginning of the study, a palatal injection was used as
a supplementary technique. However, since one patient felt
discomfort following an injection into the soft palate when
her maxillary second molar was being treated, supplementary
injections were subsequently limited to intraligamentary and
intrapulpal injections. Other than that, no side effects were
reported by the patients. Overall, 56.6% of the teeth were
successfully anaesthetised, with no significant difference between the genders (P>0.05). Table 2 illustrates the success
rate of buccal infiltration and intraligamentary and intrapulpal injection in teeth that did not anaesthetise after buccal
TABLE 1. Characteristics of the patients
Teeth
		
		
Characteristic
Age (years)
Gender
Male
Female
N		

Maxillary
first molar
Mean (±SD)

Maxillary
second molar
Mean (±SD)

P-value

39.61 (±13.08)

41.53 (±10.93)

0.318

26
58
84

27
48
75

0.500

infiltration. Higher anaesthesia was achieved in maxillary second molars (60%) compared to first molars (53.6%); however,
there was no significant difference (P>0.05). Overall, 50% of
the intraligamentary injections and 97.9% of the intrapulpal
injections were successful. There was also no significant difference between maxillary first and second molars when intraligamentary and intrapulpal injections were used.
DISCUSSION
The results of this study confirmed the primary and secondary
hypotheses that there was no significant difference between
maxillary first and second molars in terms of anaesthesia success rates following infiltration injections and supplementary
injections (P>0.05).
Previous studies have reported a range of 30 to 100% success
rate for maxillary first molars with irreversible pulpitis by using
either 2% lidocaine with different concentrations of adrenaline or 4% articaine with 1:100000 adrenaline when infiltration
injections were used as the primary anaesthetic technique
(11-15). In this study, after injection of 3% prilocaine with 0.03
IU/mL felypressin, the anaesthesia success rate for maxillary
first molars was 53.6% which is within the range reported for
other anaesthetic agents (11-15, 22).
A few studies have evaluated the anaesthesia success rate for
maxillary molars (11-15, 22), but no study has compared the
anaesthesia success between maxillary first and second molars.
Anatomical differences such as cortical plate thickness, root
divergence, and the presence of the maxillary sinus between
the buccal and palatal roots might have the potential influence
on the anaesthesia success rate in maxillary molars. For example, Kang et al. (17) 2015 showed that the mesiobuccal root of
the second maxillary molar has the thickest mean horizontal
distance to the buccal cortical plate in the posterior maxillary
segment. Anatomical considerations need to be considered in
clinical practice, hence the focus of this study (16-19).
Two separate investigations reported no significant difference in anaesthesia success rates of maxillary molars following buccal infiltrations compared with buccal and palatal
infiltrations (22, 23). Therefore, in this study, only buccal infiltrations were used.
There are several possible side effects when prilocaine is used
as an anaesthetic agent. Methemoglobinemia and paresthesia are two important side effects (8). Moreover, it should be

N: Number

TABLE 2. Success rates of different techniques in maxillary first and second molars
Teeth		 Maxillary first molar			 Maxillary second molar

Techniques
Infiltration
Intraligamentary*
Intrapulpal*

Success		 Failure
n (%)		
n (%)

Success		Failure
n (%)		
n (%)

45 (53.6)		
9 (47.3)		
28 (100)		

45 (60)		
10 (52.6)		
19 (95)		

39 (46.4)
10 (52.7)
0 (0.0)

*The supplementary techniques only employed when the infiltration injections had been failed

30 (40)
9 (47.4)
1 (5)

P-value

>0.05
>0.05
>0.05
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emphasised that anaesthetic solutions with felypressin should
not be used for pregnant women since it may induce methemoglobinemia and premature delivery due to uterine contractions (24). In this study, the patients reported none of these
side effects, but the sample size was limited to only 159 patients. The only side effect was using a palatal injection as the
supplementary technique for a maxillary second molar that
anesthetised soft palate. For that reason, only intraligamental
and intrapulpal injections were subsequently used as supplementary injections.
The intraligamental injection has been the most popular
supplementary technique amongst dentists in the USA (25).
The technique is easy to use and can be administered even
after a dental dam has been placed. However, the results of
the present study showed that only 50% of intraligamental
injections as a “supplementary” technique were successful,
with no significant difference between the maxillary first
and second molars (P>0.05). Previous investigations have reported anaesthesia success rates for intraligamentary injections to range from 31.8% to 82% in mandibular molars (6,
26-28). However, in these studies, mandibular molars were
the teeth that were anaesthetised. The anatomic location of
the teeth may have a significant impact on the success rate
of intraligamentary injection due to the difference in bone
density and cortical bone thickness (20). However, this study
had no significant difference between maxillary first and
second molars.
The Heft-Parker visual analogue scale (VAS) (29) has been used
in most investigations of anaesthesia success rates for teeth
with irreversible pulpitis by asking the patients to grade their
pain during endodontic treatment (27, 30-33). It has been reported that the pain threshold is similar among individuals,
but their pain tolerance is significantly different (34). However,
whether the VAS scores give researchers any indication of the
patients’ pain threshold or their pain tolerance is not clear.
This study used a categorised scale and whether the patients
needed further anaesthesia to evaluate the patients’ pain and
anaesthesia success. The success of the injection was assumed
if the patients had no or mild pain during access cavity preparation and root canal instrumentation and no need for a supplementary injection. In addition to the categorised pain scale,
the treating practitioner’s observations of any SEM were also
used to signify the presence of pain during treatment. Studies
mainly use the SEM evaluation for pain perception in children
(21, 35). For that reason, in addition to just asking about the
patients’ pain quality and evaluating their pain score as a reference to needing supplementary anaesthesia, the practitioner
offered another anaesthesia injection. This method seems
more accurate since even mild pain in a patient with low pain
tolerance may mean that the patient needs a supplementary
injection. Moreover, if a patient rejected the first offer of a supplementary injection but the SEM observations were positive
following the treatment, the practitioner would know that the
patient either had a fear of receiving another injection or low
pain tolerance. The advantage of this method of evaluating
anaesthesia success is that it replicates the clinical scenario
encountered by dentists during endodontic treatment.
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The intrapulpal injection has been considered as the most
successful technique among the various supplementary injections, although the most important drawback of this technique is the significant injection pain which is very important
when managing patients with low pain tolerance (20). However, one study has suggested that placing 20% benzocaine on
the pulp exposure may significantly decrease pain during the
intrapulpal injection (36).
It has been reported that premedication can influence the
success rate of anaesthesia in mandibular posterior teeth (37).
One of the exclusion criteria in most investigations evaluating
anaesthesia success rate in patients who have used analgesics
less than 12 hours before the treatment. Patients with mild
pain are less likely to use analgesics before treatment, in contrast, it can be assumed that most patients with moderate to
severe spontaneous pain may use premedication. Therefore,
only the patients with mild spontaneous pain were included.
The present study’s results showed that maxillary first molars
had an anaesthesia success rate of 53.6% and second molars
had a 60% anaesthesia success rate. Several investigations
have reported an anaesthesia success rate on maxillary molars;
however, some did not mention if they included or excluded
patients based on their pain severity, i.e., mild, moderate, severe (11-13). Another study only included patients with mild
pain (14). Results of studies that included emergency patients,
i.e., patients with vital pulp with spontaneous moderate to severe pain, showed that buccal infiltration had a 54% anaesthesia success rate in maxillary first molars. However, they used
2% lidocaine with 1:200000 epinephrine in their study (22).
CONCLUSION
This study showed no significant difference between maxillary first and second molars with irreversible pulpitis following
buccal infiltration injections of 3% prilocaine with 0.03 IU/mL
felypressin. In addition, there was no significant difference in
anaesthesia success rate between maxillary first and second
molars when intraligamentary and intrapulpal injections were
also used.
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