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Abstract Background/purpose: Local anesthetics and anesthetic techniques affect the pat-
terns of pulpal blood flow (PBF) and pulpal anesthesia in human teeth. This study aimed to
determine PBF changes and pulpal anesthesia of intact mandibular first molars and canines af-
ter administration of 4% articaine with epinephrine 1:100,000 using inferior alveolar nerve
block (IANB).
Materials and methods: Ten healthy subjects received IANB of 4% articaine with epinephrine
1:100,000. Laser Doppler flowmetry and electrical pulp testing were combined to assess PBF
changes and pulpal anesthesia of intact mandibular first molars and canines. The data were
analyzed using one-way repeated-measures analysis of variance and StudenteNewmaneKeuls
test.
Results: IANB with 4% articaine and epinephrine 1:100,000 did not have any significant change
in PBF for the first 20min post injection in mandibular first molars, and for 45min post injec-
tion in the canines (P> 0.05). However, a hyperemic response occurred during 25e60min post
injection in the molars, and between 60 and 75min post injection in the canines (P< 0.05).
Thereafter, the PBF in both teeth returned to the baseline. Onset of pulpal anesthesia was
8.60� 2.12 min in the molars, and 9� 1.94min in the canines. Duration of pulpal anesthesia
was 82.40� 41.56 min in the molars, and 84� 47.40 min in the canines.
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Conclusion: In case of successful IANB, 4% articaine and epinephrine 1:100,000 caused insignif-
icant changes in PBF up to 30min but a hyperemic response at later time points. Thereafter,
the PBF returned to the baseline.
ª 2020 Association for Dental Sciences of the Republic of China. Publishing services by Elsevier
B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).
Introduction

The inferior alveolar nerve block (IANB) is the gold standard
anesthetic technique for inducing anesthesia in mandible.1

Odor et al.2 evaluated the effect of IANB with 2% lidocaine
and epinephrine 1:100,000 on pulpal blood flow (PBF) and
pulpal anesthesia in mandibular teeth. They found PBF
reduction by 42% in mandibular canine and by 24% in
mandibular molar, and duration of pulpal anesthesia was
76min in the canine and 58min in the molar.2 In addition to
2% lidocaine, 4% articaine is frequently used due to its
faster onset and longer duration of pulpal anesthesia.3 Like
other amide local anesthetics, both 2% lidocaine and 4%
articaine possess vasodilatation properties;4 therefore,
they should be used together with epinephrine as vaso-
constrictive adjunct to extend their anesthetic efficacy.5,6

However, the vasoconstrictive effect of epinephrine may
limit the blood supply to the dental pulp which is enclosed
within the rigid tooth structure.7 Prolonged reduction in
PBF may increase the risk of pulpal ischemia and it may be
not safe for pulpal health.8 In the study of Sukapattee
et al.9 who observed the PBF changes in teeth with full
coverage crown preparation, they found IANB administra-
tion of 4% articaine with epinephrine 1:100,000 did not
produce PBF change at 5 min post injection; however, after
that the PBF signals were recorded from exposed dentine,
not enamel.

To complete explication of the clinical effect of IANB
with 4% articaine and epinephrine 1:100,000, both electric
pulp testing (EPT) and laser Doppler techniques were used
to study the effect of local anesthesia on pulpal anesthesia
and pulpal blood flow of mandibular teeth.2,7 Hence, the
objective of the present study was to determine PBF
changes and pulpal anesthesia of mandibular first molars
and canines after IANB administration of 4% articaine and
epinephrine 1:100,000 in 10 adult human subjects.
Materials and methods

Subjects

The study was approved by the Ethical committee of the
Faculty of Dentistry, Mahidol university (COA.No.MU-DT-IRB
2016/029.0606 version 2), and complied with the principles
of the Declaration of Helsinki. The study was explained to
each subject and each subject gave a written informed
consent prior to inclusion in the study. Ten human subjects
(5 men and 5 women) with American Society of Anesthesi-
ologists classification 1 (ASA I) physical status, age range
22e37 yr (mean 29.20, S.D. 5.55), intact mandibular teeth
and healthy gingiva were included in the study. The sub-
jects with dental caries, periodontal disease, allergy to 4%
articaine or amide type drugs, or being pregnant were
excluded from the study.

In case of IANB failure (when an IANB failed to provide
pulpal anesthesia), a new subject was recruited for
replacement. In this study, all subjects had lip numbness
with the IANB, but one subject was excluded and replaced
with a new one because of no pulpal anesthesia in the
experimental teeth.

Experimental procedures

Following the protocol of Vongsavan et al.7 PBF of the
mandibular first molars and canines were measured prior to
IANB injection as the baseline recordings. Thereafter, PBF
changes were monitored at 1, 5, 10, 15, 20, 25, 30min post
injection, and afterwards at 15-min intervals until PBF
returned to the baseline. To assess pulpal anesthesia in
both teeth, EPT readings were made before IANB injection,
at 2, 4, 6, 8, 10 min post injection, and afterwards at 10-
min intervals until the tooth sensitivity returned to base-
line. Systolic blood pressure (SBP), diastolic blood pressure
(DBP) and heart rate (HR) were also monitored by the
cardiovascular monitoring device (DASH 4000; GE medical
systems, Milwaukee, WI, USA) before injection, at 2, 10 min
post injection and subsequently at 20-min intervals until
the completion of the study.

Inferior alveolar nerve block anesthesia

After topical anesthesia with 20% benzocaine gel (Precain�
B; Pascal, Bellevue, WA, USA) for 1min, IANB injections of
4% articaine and epinephrine 1:100,000 (Ubistesin� Forte;
3 M ESPE, Seefeld, Germany) were given using the direct
technique (Halstead approach) with standard dental aspi-
rating syringes (Hu-Friedy, Leimen, Germany) and 27-G,
21mm dental needles (Terumo�, Tokyo, Japan). To avoid
undesirable systemic effects of inadvertent intravascular
injection,10,11 Aspiration was done prior to delivering
1.7 mL of anesthetic solution slowly over 60 s.12

Pulpal blood flow assessment

PBF recordings were obtained using a laser Doppler flow-
meter (Periflux System 5000; Perimed AB, Järfälla, Sweden)
and infrared laser light (wavelength 780 nm) throughout the
study. According to the protocol of Vongsavan et al.7 the
laser probe (type 415e159; external diameter 1.0 mm;
optical fiber diameter 0.125 mm, fiber separation 0.25 mm)
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was inserted into the probe holder (type PH 07e5), incor-
porated into removable acrylic splint which attached to the
opaque black rubber dam (Four D Rubber Co. Ltd., Heanor,
England). The probe holder was positioned to ensure that
the probe was perpendicular to the buccal-enamel surface
of the tooth, with its tip over the central long axis of the
crown, and its center at 2mm above the gingival margin.13

After calibration of the probe,14 the blood flow signals were
recorded from the digital output of the LDF machine using a
computer running the Perisoft software program version
2.50.7

After each experiment, white card measurements were
also made to calculate the offset due to noise in the
detection system.14 For each blood flow recording at each
test period, the mean and standard deviation values of
blood flow were calculated in perfusion unit (P.U.), and the
offset was subtracted from the mean.13

In 2 subjects, PBF recordings of healthy mandibular
contralateral first molars and canines were also made as
the controls to confirm no PBF change in un-anesthetized
teeth throughout the test period.7 This additional PBF re-
cordings verified that the well control procedures were
performed such as the subjects were in the same position
and the same operating environment throughout the test
periods.7,13,14
Figure 1 Means and standard deviations (S.D.) of pulpal blood
following inferior alveolar nerve block at time 0. Statistically signi
flow compared with baseline value.
Electrical pulp testing

An electric pulp tester (SybronEndo; Elements Diagnostic,
Orange, CA, USA) was used to assess tooth sensitivity and
pulpal anesthesia during the experiment by placing the
probe on the middle 1/3 of the buccal surface of the test
tooth with fluoride toothpaste as a conducting medium.
When the subject felt no response to the maximum
signaling (80) of the electrical stimulus, pulpal anesthesia
was occurred.15,16

Healthy mandibular contralateral first molars and ca-
nines were used as the un-anesthetized controls to ensure
that the pulp tester was operating properly and each sub-
ject was responding accurately during the study.7
Statistical analysis

The data of pulpal anesthesia, pulpal blood flow recordings,
systolic blood pressure (SBP), diastolic blood pressure (DBP)
and heart rate (HR) were reported as means� S.D. (stan-
dard deviation). Differences between the means under the
different time periods were analyzed using one-way,
repeated-measures analysis of variance (one-way RM
ANOVA). Where this showed significant differences between
flow values with time in mandibular canines and first molars
ficant increases (P < 0.05) in *canine and **molar pulpal blood
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the means, the StudenteNewmaneKeuls test was used to
make comparisons between them. P values less than 0.05
were considered to be statistically significant.

Results

Pulpal blood flow

After the IANB administration, the PBF in the molars
slightly increased from 4.82� 1.93 perfusion units (P.U.)
before injection to 5.48� 1.86 P.U., 5 min post injection.
However, this change was not statistically significant
(PZ 0.537, nZ 10). No significant PBF change was recor-
ded in the mandibular first molars of all subjects during the
first 20 min post injection (PZ 0.080). However, a hyper-
emia response e a significant rise in blood flow from the
baseline level was observed between 25 and 60 min after
injection (P< 0.05). The molar blood flow reached the
highest values with a peak of 7.65� 3.45 P.U. (increased
by 58% compared to the baseline values) at 45 min after
injection. Thereafter, the blood flow gradually decreased
to the baseline.

The canine blood flow decreased from 5.90� 4.34 P.U.
before injection to 4.69� 3.19 P.U., 5 min after injection in
every subject, but this change was not statistically signifi-
cant (PZ 0.307). Following that, a gradual increase in the
canine blood flow was observed, increasing from
Figure 2 Means and S.D. of EPT readings with time in mandibular
at time 0 * and ** denote significant differences from baseline value
5.85� 4.36 P.U. at 10min after injection to 7.95� 4.99 P.U.
at 45min after injection; however, no significant change
was recorded (PZ 0.056). A significant rise in PBF in the
canines was observed between 60 and 75min after injec-
tion (P< 0.05). The maximum PBF in the canines was
8.35� 3.91 P.U. (increased by 41% compared to the base-
line values) at 60min after injection. The blood flow then
returned to the baseline. The mean PBF values following
the IANB injections are presented in Fig. 1.
Pulpal anesthesia

All un-anesthetized control teeth responded normally to
electrical pulp testing throughout the experiments. In
anesthetized side of mandibular arch, mean changes in EPT
readings in mandibular molars and canines are shown in
Fig. 2. Complete pulpal anesthesia was achieved success-
fully in both mandibular first molars and canines after IANB
administration. From 10-min intervals to 40-min intervals,
all the subjects had complete pulpal anesthesia in both
mandibular first molars and canines (mean EPT reading
scoreZ 80, S.D.Z 0). The mean onset of pulpal anesthesia
in the molars was 8.60� 2.12 min (nZ 10). The mean
duration of pulpal anesthesia in the molars was
82.40� 41.56min. In the canines, the mean onset of pulpal
anesthesia was 9.00� 1.94) min, and the mean duration of
pulpal anesthesia was 84.00� 47.40) min.
canines and first molars following inferior alveolar nerve block
(P< 0.001) in mandibular canines and first molars, respectively.



Figure 3 Mean and S.D. values of (a) systolic/diastolic blood pressure (b) Heart rate, recorded at each time interval.
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Cardiovascular parameters

The mean� S.D. of SBP, DBP and HR recordings are shown in
Fig. 3. There were no statistically significant differences
with time for SBP (PZ 0.957), DBP (PZ 0.256), and HR
(PZ 0.150).
Discussion

The present study demonstrated the effect of IANB of 4%
articaine and epinephrine 1:100,000 on blood flow and
anesthesia of mandibular teeth in 10 human healthy sub-
jects. The mandibular molar was chosen as the represen-
tative of posterior teeth, and the mandibular canine was
used as the representative of anterior teeth in this study.2

This study did not perform the long buccal nerve block
because the long buccal nerve block can probably mask the
effect of inaccurate IANB anesthesia.17 The results of this
study found IANB with 4% articaine and epinephrine
1:100,000 did not induce any significant change in PBF for
the first 20 min post injection in mandibular first molar, and
for 45 min after injection in the canine. This was then fol-
lowed by a hyperemic response between 25 and 60min
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after injection in the molar, whereas a significant increase
in PBF was observed between 60 and 75min after injection
in the canine. Thereafter, the PBF in both teeth returned to
the baseline.

In contrast to the study of Odor et al.2 they found IANB
with 2% lidocaine and epinephrine 1:100,000 caused a
reduction in PBF in the ipsilateral mandibular molars and
canines. These varying results may be due to the concen-
tration difference in the local anesthetics. Both 2% lido-
caine and 4% articaine have almost identical vasodilator
properties,4 but the doubled concentration in the case of
articaine (4%) may enhance more vasodilating action and
the local resorption of epinephrine may be facilitated.18 In
the present study, the subjects received IANB, but did not
receive the long buccal supplement. Thus, the buccal
gingiva lateral to the mandibular molar was not anes-
thetized,1 and could have possibly helped to provide
normal peripheral blood supply to the dental pulp. This may
be another reason why the PBF did not fall.

The results of this study is also in contrast to the results
of Vongsavan et al.7 who found intraosseous injection with
4% articaine and epinephrine 1:100,000 at distal site of
mandibular first molar caused a successful pulpal anes-
thesia in the first molar with a duration of 38min and
produced a decrease in molar blood flow of 60% with the
duration of 31min, but not in the ipsilateral mandibular
canine. Variation in anesthetic techniques may affect the
different patterns of PBF and pulpal anesthesia because the
anesthetic solutions were placed in different neurovascular
relationships. For intraosseous anesthesia, anesthetic so-
lution acts locally on the networks of dental and alveolar
nerve plexus, and the epinephrine acts directly on the ar-
terioles supplying the dental pulp.1,7 Whereas, in human
inferior alveolar nerve block, anesthetic solution is placed
in the ptergomandibular space and acts on the neuro-
vascular relationship of inferior alveolar nerve, lingual
nerve and inferior alveolar vessels.19,20 Thus, IANB anes-
thesia is able to produce regional block anesthesia of the
inferior alveolar and lingual nerves, bringing about a pro-
longed anesthetic effect in the subjective teeth as well as
the ipsilateral mandibular teeth, even though the local
anesthetic is placed at far away from the teeth.1 Although
IANB with 4% articaine and epinephrine 1:100,000 did not
cause a decrease in the blood flow of mandibular teeth due
to the vasodilatation properties of 4% articaine over-
whelming the vasoconstrictor effect of epinephrine,16,21

but the effect of epinephrine on the inferior alveolar ar-
tery likely led to a delayed clearance of the epinephrine
and the local anesthetic solution from the affected tis-
sues.6,22 Sequentially, this resulted in a prolonged effect of
the local anesthetic solution, hampering nervous sensations
of the tooth.

A hyperemic response at a later time was observed in
mandibular first molars and canines. This transient hyper-
emic reaction may be due to a pulpal regulatory response,
allowing the increase of pulpal blood flow to affected tis-
sues through pulpal vasodilation.23 This might promote a
clearance of local anesthetics. Thereafter, the PBF in both
teeth returned to the baseline.

Regarding the onset and the duration of pulpal anes-
thesia, our results indicate that the onset periods were
8.6min in the molars and 9min in the canines, which were
almost identical to the results found by Tofoli et al.24

(7 min) and those found by Tortamano et al.3 (7.4 min).
Our duration periods were 82min in the molars and 84min
in the canines, which were higher than those found by
Tofoli et al.24 (66min), but were lower than those found by
Tortamano et al.3 (106.6 min). In addition, our study
confirmed that a slow IANB injection (60 s) to deposit one
cartridge of 4% articaine and epinephrine 1:100,000 did not
produce significant changes in blood pressure and heart
rate of a healthy subject, due to the low dosage of
epinephrine in the anesthetic solution.1,25

In summary, IANB with 4% articaine and epinephrine
1:100,000 produced successful pulpal anesthesia which
lasted for 85min, and caused insignificant changes in PBF
up to 30min but a hyperemic response at a later time was
observed in mandibular first molars and canines. There-
after, the PBF in both teeth returned to the baseline. Thus,
this technique of anesthesia can be deemed safe to anes-
thetize mandibular teeth with normal pulp.
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