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Abstract

Creating favorable local anesthesia is an important step for enhancing patient’s satisfaction and completion of

the dental treatment. Anesthetizing teeth by solely using inferior alveolar nerve block is not effective enough to

acquire adequate pulpal anesthesia in young permanent mandibular molars with deep caries, especially in teeth

diagnosed with irreversible pulpitis. Promising supplemental injections are therefore essential to increase the

success of pulpal anesthesia in these teeth. The aims of this literature review are 1) to provide useful information that

dental practitioners should know regarding characteristics of young permanent teeth that can compromise success

of pulpal anesthesia, 2) to present current literatures related to pulpal anesthesia in young permanent mandibular

molars, and 3) to discuss practical practice in achieving pulpal anesthesia that clinicians may implement in their

daily practice.
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Introduction

Delivering effective pain control by local anesthesia
during operative and pulpal treatment in pediatric dentistry
is essential for completion of the required procedures and
enhancing patient’s positive dental experience and atti-
tude. The most commonly used local anesthetic technique
in both primary and permanent mandibular teeth is inferior
alveolar nerve block (IANB).!") Despite this technique’s
popularity among dental practitioners, several studies
have reported fluctuating success rates of pulpal anesthe-
sia by IANB in mandibular teeth of adult patients, rang-
ing between 25% to 93% for teeth with normal pulp@->),
and between 19% to 70% for irreversible pulpitis.3-6-8)
Consequently, various approaches have been proposed
and studied to increase the success of IANB, for exam-

ple, use of different local anesthetic agents, pre-emptive
premedication, supplemental injection techniques and
pharmacological management.(9) These approaches were
reported to successfully improve the success of [ANB in
adult patients up to 98%.(!%15) However, in the young
permanent mandibular molars with deep caries, these
methods were not as successful as those in the adult
patients.

The aims of this review are to 1) explain unique char-
acteristic of deep carious young permanent mandibular
molars that can jeopardize their profound pulpal anes-
thesia 2) discuss different studied options for increasing
the pulpal anesthetic success of IANB in young patients
and 3) highlight important clinical steps for clinicians to

provide adequate pulpal anesthesia in pediatric patients
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with deep carious young permanent mandibular molars.

The unique deep carious young permanent teeth — why
are they more difficult to anesthetize?

To gain pulpal anesthesia, local anesthetics should be
capable of functionally inhibiting sodium influx into the
peripheral neural fibers in the pulp tissue, thus blocking
the excitation or conduction to the nerve endings and
disrupting the pain sensory pathway.®>!®) Sensory nerve
fibers of the dental pulp are afferent endings of the tri-
geminal nerve. These fibers reach the root canal through
the apical foramen, enter into the root pulp, and finally
form the neuro-vascular bundle.'”) Innervation, vascu-
larization and composition of dental pulp in young and
aged permanent teeth are dissimilar and could probably
be accounted for difference in anesthetic success between
them.(!”"') Young pulps consist of an extensive network
of vascular and neural structures scattering throughout
the pulp. When the pulpal vessels and nerves entered the
coronal part, vascular branches flowed toward the lateral
and occlusal surfaces of the pulp and reached the cuspal
horns, then a rich subodontoblastic plexus of nerves and
blood vessels was formed.(')

In a physiologic aging process, continuous secre-
tion of secondary dentinal matrix by odontoblasts and a
progressive calcification originates and progresses from
the radicular to the coronal pulp, resulting in a reduction
in size of pulp chambers and root canals.!'”) This phe-
nomenon eventually leads to a decrease of the number of
blood vessels and nerves supply.('?) Histologically, over
90% of the aged pulp had calcification and nerve degen-
eration, whereas young pulps had no evidence of pulpal
calcification in either coronal or radicular pulp tissues.'®)
Furthermore, higher expression of growth factors, like
bone morphogenetic protein, transforming growth factor
alpha, vascular endothelial growth factor A, and fibroblast
growth factors family were presented in the young dental
pulp. In contrast, a high expression of genes involving in
apoptotic processes were evident in the aged pulp.?

In a pathological condition, teeth with inflamed
pulpal tissue have additional difficulties attaining pulpal
anesthesia because the low tissue pH in areas of inflam-
mation affects the activity of the local anesthetic agent
by reducing the amount of the base form of the anes-
thetic solution needed to penetrate the nerve sheath and

membrane. Therefore, there is less ionized form of the
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anesthetic within the nerve to produce profound anes-
thesia. Moreover, neurons and their axons innervating
an inflamed tissue could have altered resting membrane
potentials and reduced thresholds of excitability. Chemical
changes extending throughout the affected nerve fibers
may alter their capacity to be anesthetized.>?! In young
pulp, a more prevalent and greater extent of inflammatory
process was observed than in the mature pulps.??

Put it all together, the more well-supplied of neural
and vascular elements, the absence of pulp calcification,
the more gene expression of cellular and tissue develop-
ment, and higher response to noxious stimuli in the deep
carious young permanent teeth may be associated with
their higher sensitivity and also may lead to higher pulpal
anesthetic failure in the deep carious young permanent
teeth than in the aged teeth.(17-1%:22)

The inferior alveolar nerve block — the most commonly
used technique for anesthetizing mandibular teeth
Mandibular molars are innervated by an inferior
alveolar nerve, lingual nerve and buccal nerve which
are branches of the mandibular nerve, the third division
of the trigeminal nerve.?®) Techniques for anesthetizing
mandibular teeth include inferior alveolar nerve block
(IANB) and long buccal nerve block.(!®) The IANB is
the most commonly used injection technique for achiev-
ing local anesthesia of mandibular teeth in both primary
and permanent dentitions.!") Moreover, this technique is
the most common technique studied regarding efficacy
of pulpal anesthesia of permanent mandibular molar in
pediatric patients.?® Techniques for IANB administra-
tion in both adult and pediatric patients are thoroughly
described elsewhere.(!%2%) After administration of IANB,
soft tissue anesthesia should occur within 4.5 to 6 minutes
and pulpal anesthesia should occur within 5 to 19 minutes.*)
The major advantage of IANB is that one injection pro-
vides anesthesia to a wide area, which is useful when
providing treatment throughout a quadrant of dental arch.
IANB has some drawbacks including difficulty in achiev-
ing anesthesia because of anatomic variations, deep and
invasive needle penetration, delayed onset of anesthesia,
high incidence of positive aspiration, and multiple possible
complications, such as trismus, paresthesia, hematoma,
and undesired soft and/or hard tissue anesthesia with pos-
sible patient-induced injury, particularly in children.?*%)
TANB can also be difficult to perform and has the highest
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percentage of clinical failures (up to 81%) even when it
is administered properly.(1624

Previous studies have reported that the anesthetic
success of JANB ranged between 25-93% in mandibular
teeth with normal pulp>*> and between 19-70% in
mandibular teeth with irreversible pulpitis.®:%®) Most
clinical studies were performed in adult patients (age over
18 years old) and had corresponding results that [ANB
alone could not provide complete efficacy of pulpal

anesthesia, especially in patients suffering from irreversible
pulpitis,(45:810.26-30)

Different strategies used for increasing the success of
inferior alveolar nerve block in young patients
Factors associated with the local anesthetic failure
can be categorized into two major categories: the operator
dependent factors, including technique administration and
anesthetic solution, and the patient dependent factors,
including anatomical, pathological and psychological
factors.®! Consequently, several strategies have been
introduced to achieve profound pulpal anesthesia of man-
dibular teeth, especially in the ones with inflamed pulp
tissue, by manipulating those aforementioned factors.
These strategies include changing the local anesthetic
agents, increasing the volume of the anesthetic solution,
preemptive medication, and inhalation sedation. More-
over, several supplemental injection techniques have been
introduced, for example, intra-osseous injection, intra-
ligamentary injection, supplemental mandibular buccal
infiltration, and intraseptal injection.(!%2132) It should be
noted that most clinical studies about pulpal anesthetic
success in permanent teeth were performed in subjects
who are older than 18 years of age. There are only few
studies focusing on pulpal anesthetic success in young

permanent teeth.

Local anesthetic agents and pulpal anesthesia: Does
the type of anesthetic agent, volume, or epinephrine
concentration matter?

Lidocaine is the most widely used local anesthetic
agent in dental treatment because it was the first agent
available for dentistry and has been used as the gold stan-
dard for comparison of any new types of local anesthetic
agents.(®) However, the pulpal anesthetic success of
IANB in teeth with irreversible pulpitis of adult patients
when using 2% lidocaine with 1:100,000 epinephrine var-
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ied between 23% to 70%.® To overcome this shortcoming
of lidocaine’s unreliable anesthetic result, many studies
focused on exploring alternative anesthetic solutions that
provide higher success. Articaine is an agent that has
been widely studied and conveyed promising results. The
pulpal anesthetic success rates of 4% articaine with
1:100,000 epinephrine were reported to range between
24% to 88%.333) Most studies reported higher success
rates of articaine than those of lidocaine. A recent
systematic review and meta-analysis concluded that there
is a higher success of articaine than lidocaine when used
for supplementary injection via infiltration technique after
IANB during endodontic treatment of mandibular teeth
with irreversible pulpitis (p<0.05).%*3) This superiority
of articaine over lidocaine may relate to its intramolecu-
lar hydrogen bonding in thiophene ring which facilitates
its bone penetration.** Moreover, the presence of the
thiophene ring enhances the lipid solubility of articaine,
leading to its better diffusion of the solution through the
neuronal membrane, when compared to other local anes-
thetic solutions.®® Several literatures support the use of
articaine in pediatric patients for its safety and efficiency
but its use is restricted, based on the manufacturer's
instructions, for children above the age of four years.*>)
However, many studies have shown that articaine is safe
for children under 4 years of age, and that the pharmaco-
kinetic profile of articaine is very similar for children and
adults.33-36) Moreover, there is no conclusive evidence
demonstrating its toxicity in children. The findings of

Elheeny

supported the efficient and safe use of 4%
articaine with 1:100,000 epinephrine in children below
4 years old.G?

Another potential method to increase pulpal anesthe-
sia success is to increase the injection volume of the local
anesthetic agent. However, there is no general agreement
regarding the influence of the volume of anesthetic solu-
tion on the success rate of pulpal anesthesia in mandi-
bular teeth. While several investigations have shown that
higher volumes of anesthetic solution may increase the
success rate849); conversely, other studies have reported
no significant difference of the pulpal anesthetic success
with higher volumes.®#!4?) In addition, vasoconstrictor
such as epinephrine may have several potential benefits.
It decreases the peak plasma concentration of the local
anesthetic agent, increases the duration and the quali-

ty of anesthesia, reduces the minimum concentration of
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anesthetic needed for nerve block, and reduces blood loss
during surgical procedures.*>) Interestingly, the concen-
tration of epinephrine seems not to be associated with the

anesthetic efficacy of anesthetic solution.**)

Preemptive medication and inhalation sedation: useful
adjuncts for patients with irreversible pulpitis

Several types of medication, including benzodiaze-
pines, nonsteroidal anti-Inflammatory Drugs (NSAIDs),
corticosteroids and nitrous oxide/oxygen inhalation have
been used to achieve profound pulpal anesthesia of man-
dibular teeth.*>*%) The concept of using benzodiazepines
is based on the fact that the drug can decrease anxiety and
that may also increase anesthetic success rate.*> The
reasons for using NSAIDs and corticosteroids are to inhibit
inflammation and to induce analgesia by inhibition of
cyclooxygenase activity enzymes.*”) The reason behind
the use of nitrous oxide/oxygen inhalation is its anxiolytic
and analgesic effects. Consequently, nitrous oxide/oxygen
has been recommended for patients whom profound local
anesthesia cannot be obtained.®)

In pediatric patients, one clinical study showed that
preemptive medication and use of nitrous oxide/ oxygen
inhalation sedation may potentially increase success of
pulpal anesthesia in mandibular molars diagnosed with
symptomatic irreversible pulpitis.*®) All patients in this
study received 10 mg/kg (maximum of 600 mg per dose)
of ibuprofen syrup immediately after a meal, 1 hour
before a treatment procedure. After that, patients received
nitrous oxide/ oxygen via nasal hood by the slow titration
or rapid induction method, as appropriate for each patient,
until the patient reached a good stage of sedation. The
range of nitrous oxide concentration administered was
between 30% and 50%. After 5 minutes, the treatment
began, and the concentration of nitrous oxide/ oxygen
was maintained throughout the procedure. Before starting
the treatment, all patients then received IANB with long
buccal nerve block for a permanent mandibular molar
with 1.7 ml of 4% articaine with 1:100,000 epinephrine.
In patients premedicated with ibuprofen using nitrous
oxide/ oxygen inhalation sedation, the success rate was
71%, whereas patients in the control group who received
premedication and 100% oxygen had success rate at only
19%. Although this study exhibited significant favorable
effect of nitrous oxide/ oxygen sedation by increasing the

difference of success rates up to 52%, the 95% confidence
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interval of this difference had a very wide range (22.9%
to 80.7%). In fact, this may be the result of small sample
size in this preliminary (16 and 17 patients in the treatment
and control groups, respectively). Therefore, to confirm
the beneficial effect of nitrous oxide/ oxygen inhalation
sedation in pediatric patients with permanent mandibular
molars diagnosed with symptomatic irreversible pulpitis,
further well designed randomized controlled trial with a

larger sample size is required.

Supplemental injection following inferior alveolar nerve
block

Intraosseous injection (10) is one of the most
successful methods among all supplemental anesthe-
sia techniques because the technique allows delivery of
local anesthetic solutions directly into the cancellous bone
surrounding the affected tooth via special equipment.!
Several systems for 1O injection are available with high
cost, including Stabident (Fairfax Dental Inc., Miami,
FL), X-Tip (Dentsply International Inc, Tulsa, OK, USA),
IntraFlow (Pro-Dex Inc, Santa Ana, CA), and Quick Sleeper
5 devices (DHT, Cholet, France).(10-13:15:49) Advantages of
10 injection are immediate onset (< 30 seconds), lack of
lip and tongue anesthesia (appreciated by most patients),
and smaller doses required.!'®3%) Clinical studies report-
ing success rates of pulpal anesthesia from supplement
10 following IANB ranged between 68% to 98% (Table
1).(10-1549) However, in pediatric patients, this IO supple-
mental technique also has several disadvantages. First, this
method is technically more difficult to perform than the
other injection techniques and requires special equipment.
Secondly, if leakage occurs during injection, patients may
suffer from bitter taste of the anesthetic agents. Third, high
occurrence (46-93%) of palpitations is reported when
the vasopressor-containing local anesthetic is used.?
Fourth, the perforators which are used to drill a hole in
the bone can accidentally penetrate teeth and may induce
post-operative pain.(!>3?)

Intraligamentary injection (IL) involves the use
of high injection pressure to force the local anesthetic
solution through the periodontal ligament in order to reach
the pulpal nerve supply by entering the cancellous bone
through natural perforations in the socket wall, not by
travelling down the length of the ligament. Thus, this in-
jection is considered a form of intraosseous anesthesia.3?
The IL technique, as described by Malamed'® and Walton



36

and Abbott®D, involves slow administration of a small
amount (at least 0.2 ml for each surface of the tooth) of
anesthetic solution.*?) The needle is forced to maximum
penetration until it is wedged between the tooth and the
crestal bone.'® To ensure that the solution is being forced
into the tissue, the operator must feel resistance.("'®) The
most critical factor leading to success of the technique is
that the injection is performed against resistance (back
pressure).®? The success of supplemental IL in achieving
pulpal anesthesia after failed [ANB has been reported to
be 48% to 84% (Table 1).(!433:3% The advantage of IL is
its rapid onset (immediate or within 30 seconds), smaller
doses of anesthetic agent required, and convenience of
administration under rubber dam isolation, thus decreas-
ing contamination during the pulp treatment. 2% How-
ever, disadvantages of IL include its variable and rela-
tively short pulpal anesthetic duration (approximately
23 minutes)®>?), peri- and post-operative pain due to
high pressure during injection, and possibility of tooth
extrusion with premature contact.3?) These complications
are often a consequence of injecting too fast and with too
much force.*>) Additionally, IL was reported to produce
a bacteremia in over 96.6% of children.®® Nevertheless,
this rate could be decreased significantly by a preoperative
mouthwash with chlorhexidine for 30 seconds.>
Supplemental mandibular buccal infiltration (MBI)
is performed by retracting the cheek, pulling the tissue
taut, and orientating the needle bevel toward the bone. The
needle is gently inserted into the height of the mucobuccal
fold over the target tooth.!®) Pulpal anesthesia through
MBI can be achieved only if the anesthetic solution is
able to spread from the periosteum through the thickness
of cortical bone to the apexes of the teeth.®”) Recent
systematic review and meta-analysis concluded that
using articaine is superior to lidocaine for supplementary
MBI after failed IANB during endodontic treatment in
mandibular posterior teeth with irreversible pulpitis of
adult patients.*® Previous clinical studies have demon-
strated that the success rate of pulpal anesthesia in these
teeth by IANB alone (14.8-55.6%) can improve to 65.4-
91.7% by combination of IANB with supplementary MBI
(Table 1).4142939 MBI is a simple technique that does not
require any special equipment, while providing a long
pulpal anesthetic duration (approximately 40 minutes),
and does not cause any serious complications.**) Fur-

thermore, the onset of pulpal anesthesia in mandibular
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teeth by immediate MBI was significantly faster than that
of IANB alone.® However, MBI is contraindicated in
infected or acute inflamed areas or areas where the apices
of the teeth are covered by dense bone. Moreover, it is
not recommended for large area because multiple needle
insertions would be required, and larger total volumes of
local anesthetic would be administered.'®)

Intraseptal injection (ISA) is performed by delivering
anesthetic solution through the interdental papilla
(2-3 mm apical to the apex of the papillary triangle) sub-
periosteally against the interdental septum. Hence, the
needle should contact the underlying bone. Under injec-
tion pressure, the anesthetic penetrates porosity of the
alveolar cortex, diffuses through the medullary bone, and
achieves anesthesia of the dental pulp and adjacent gin-
gival tissues. This injection method is effective because
the nature of the dental alveolus, which has openings of
intrabony vascular channels at the osseous crests of the
interdental septum. %061 It has been recommended that
ISA should be delivered at the mesial and distal aspects
(0.2-0.4 ml per side in a minimum of 20 seconds) of the
tooth to gain complete pulpal anesthesia.®” Prevailing
resistance to the flow/movement of the anesthetic solu-
tion and ischemic discoloration of the neighboring soft
tissues are the main signs of success of this technique.®)
According to the literature, the reported armamentarium
for ISA has included a variety of syringe types, anesthetics
administered, and needle lengths and gauges. This may
imply that the materials employed are less important for
success than the injection technique itself.®”) Success
rates of ISA have ranged between 76% and 90% depend-
ing on how success was measured in each dental proce-
dure (extraction, restorative procedure, and evaluation
with an electric pulp tester), pulpal diagnosis, preoperative
pain scale, pain assessment protocol, and location of teeth
as shown in Table 1.9%%%) Dianat et al.(®® have shown that
IANB with supplemental intraseptal and buccal infiltra-
tion of 4% articaine with 1:100,000 epinephrine produced
a greater success than IANB and MBI or IANB alone in
mandibular molars with symptomatic irreversible pulpitis
of adult patients. The efficacy of ISA is similar to that
of the 10, and they both have higher success than the IL
because a greater amount of anesthetic solution can be
delivered. However, injection into inflamed gingival tissue
should be avoided.'® The most common complications

of ISA were injection site soreness; pain or bleeding when
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Table 1: Clinical studies examining success rates of four different supplemental injection techniques (intraosseous, intraligamentary, man-

dibular buccal infiltration, and intraseptal injections) following inferior alveolar nerve block in mandibular permanent teeth

Authors,
Year

Reisman et al.,
199700

Nusstein ef al.,
199827

Prohi¢ et al.,
200512)

Fan et al.,
200943

Kanaa et al.,
2009

Parirokh et al.,
20103

Kanaa et al.,
201219

Type
of study

Cohort

Cohort

Retrospec-

tive

Cohort

RCT

RCT

RCT

Patient
age
(years)
18-55
(n=48)

19-68
(n=51)

98 teeth

18-46
(n=57)

> 18
(n=36)

>18
(n=84)

> 18
(n=182)

Teeth studied

Molar and premolar
(Irreversible pulpitis)

Molar and premolar,
both maxillary and
mandibular (Irreversible
pulpitis)

Molars with clinical
indication for extraction

First molars
(Irreversible pulpitis)

First molar, first and
second premolar, and
lateral incisor

First molar
(Irreversible pulpitis)

Molar, premolar, canine,
and lateral incisor
(Irreversible pulpitis)

local anesthetic agent

TANB with 1.8 ml of 2% lidocaine
with 1:100,000 epinephrine

+ 10 with 1.8 ml of 3% mepiva-
caine plain

IANB with 1.8 ml of 2% lidocaine
with 1:100,000 epinephrine

+ 10 with 1.8 ml of 2% lidocaine
with 1:100,000 epinephrine

Classical mandibular block (no
other information provided)

+ 10 with 2% lidocaine with
1:100,000 epinephrine

IANB with 1.7 ml of 4% articaine
with 1:100,000 epinephrine

+ IL with 0.4 ml 4% articaine with
1: 100,000 epinephrine

Group I: IANB with 2.0 ml of 2%
lidocaine with 1:80,000 epinephrine
+ MBI with 2.0 ml of 4% articaine
with 1:100,000 epinephrine

Group II: IANB with 2.0 ml of 2%
lidocaine with 1:80,000 epinephrine
+ dummy injection added

Group I: IANB with 1.8 ml of 2%

lidocaine with 1:80,000 epinephrine
Group II: IANB with 3.6 ml of 2%
lidocaine with 1:80,000 epinephrine
Group III: IANB with 1.8 ml and

buccal infiltration with 1.8 ml of 2%
lidocaine with 1:80,000 epinephrine

After failed IANB with 2.0 ml of
2% lidocaine HC1 with 1:80,000
epinephrine (positive response to
EPT)

Group I: + repeated IANB with
2.0 ml of 2% lidocaine HCL with
1:80,000 epinephrine

Group II: + MBI with 2.0 ml of
4% articaine HCL with 1:100,000
epinephrine

Group III: + IL with 0.18 ml of 2%
lidocaine with 1: 80,000 epineph-
rine

Group IV: + MBI with 0.2 ml

of 2% lidocaine with 1: 80,000
epinephrine + IO with 1.0 ml of 2%
lidocaine with 1: 80,000 epineph-
rine

Success rates

-TANB: 25%
- IANB + 1%'10: 80%
- TANB + 2" 10: 98%

- IANB: 19%
- IANB +10: 88%

- IANB: 74.5%
- IANB +10: 94.9%

- IANB +IL: 83.33%

First molar

- Group I: IANB +
MBI: 91.7%

- Group II: IANB +
dummy: 55.6%
First and second
premolars

- Group I: IANB +
MBI: 88.9%

- Group II: IANB +
dummy: 66.7%
Lateral incisor

- Group I: IANB +
MBI: 77.8%

- Group II: IANB +
dummy: 19.4%

- Group I: IANB 1.8 ml:
14.8%

- Group II: IANB 3.6
ml: 39.3%

- Group III: IANB 1.8
ml + MBI 1.8 ml: 65.4%

- Group I: IANB +
repeated IANB: 32%
- Group II: IANB +
MBI: 84%

- Group III: IANB +
IL: 48%

- Group IV: IANB +
MBI + 10: 68%
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Webster et al.,  Prospective 18-65 Premolar or molar

2016© Cohort (n=100) (symptomatic
irreversible pulpitis)

Chompu-inwai  Prospective 6-18 Molar (all pulpal

etal., 2018©D  Cohort (n=60)  diagnosis)

Dianat et al., RCT 18-65  Molar (symptomatic

20190 (n=90) irreversible pulpitis)

Chompu-inwai  Prospective 6-18 Molar (all pulpal

et al., 2020%  Cohort (n=60)  diagnosis)
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TANB with 1.8 ml of 2% lidocaine
with 1:80,000 epinephrine

+ ISA with 1.4 ml of 4% articaine
with 1:100,000 epinephrine

TIANB with 1.7 ml of 4% articaine
with 1:100,000 epinephrine
Group I: + IL with 0.4 ml of 4% ar-
ticaine with 1:100,000 epinephrine
Group II: + IL with 0.8 ml of 4%
articaine with 1:100,000 epineph-
rine

Group III: + IL with 1.2 ml of 4%
articaine with 1:100,000 epineph-
rine

Group I: IANB with 1.7 ml of 2%
lidocaine with 1:100,000 epineph-
rine

Group II: IANB with 1.7 ml of 2%
lidocaine with 1:100,000 epineph-
rine + MBI with 1.7 ml of 4% artic-
aine with 1:100,000 epinephrine
Group III: IANB with 1.7 ml of
2% lidocaine with 1:100,000 epi-
nephrine + MBI with 1.7 ml of 4%
articaine with 1:100,000 epineph-
rine + ISA with 1.7 ml of 4% artic-
aine with 1:100,000 epinephrine
After IANB with 1.7 ml of 4% art-
icaine with 1:100,000 epinephrine
Group I: + MBI with 0.425 ml

of 4% articaine with 1:100,000
epinephrine

Group II: + MBI with 0.85 ml

of 4% articaine with 1:100,000

- IANB + ISA: 29%

- IANB: 26.7%

- Group I: JANB +IL
0.4 ml: 63.4%

- Group II: IANB + IL
0.8 ml: 71.7%

- Group III: IANB + IL
1.2 ml: 80%

- Group I: IANB:
30.33%

- Group II: IANB +
MBI: 66.66%

- Group III: IANB +
MBI + ISA: 80.00%

-IANB: 33.3%

- Group I: IANB +
MBI 0.425 ml: 68.3%
- Group II: IANB +
MBI 0.85 ml: 85%

- Group III: IANB +
MBI 1.275 ml: 95%

epinephrine

Group III: + MBI with 1.275 ml
of 4% articaine with 1:100,000
epinephrine

RCT: randomized controlled trial; IANB: inferior alveolar nerve block; 10: intraosseous; IL: intraligamentary; MBI: mandibular buccal

infiltration; ISA: Intraseptal; +: supplemental injection with

eating, chewing, brushing, or flossing; and gingival bruis-

ing or discoloration.(®®

Results from clinical studies in deep carious young
permanent mandibular molars

The study of pulpal anesthetic success in deep carious
permanent mandibular molars of patients who were
younger than 20 years old was reported by Chompu-
inwai et al. in 2018”7 and in 2020.°®) Both studies(¢7:%®)
showed that, the success of preoperative pulpal anesthe-
sia following TANB with 1.7 ml of 4% articaine with
1:100,000 epinephrine in the deep carious permanent

mandibular molar diagnosed with all diagnoses (normal

pulp, reversible and irreversible pulpitis) were 26.7% and
33.3%, respectively. Moreover, the investigators reported
that the success rate of preoperative pulpal anesthesia in
teeth, diagnosed with irreversible pulpitis, was as low as
21.4%.07) Their results supported that the use of IANB
alone was not sufficient, especially in young permanent
mandibular molars with deep caries. To increase the suc-
cess rate of preoperative pulpal anesthesia, supplemental
injection with ¥ cartridge of 4% articaine with 1:100,000
epinephrine (approximately 1.3 ml) via IL and MBI tech-
nique were used in the first®”) and second studies.(®®
Success rates of the pre-operative pulpal anesthesia

increased significantly to 80% with the supplemental
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IL7 and to 95% with the MBL(®®) However, the success
rate of intra-operative pulpal anesthesia in all diagnosis
was only 72.9% in supplemental IL(®”) and only 66.7% in
MBI technique®®, suggesting that these two supplemen-
tary techniques cannot provide adequate pulpal anesthesia
intraoperatively.

Other than the two studies in Thai children(¢7:6®),
pulpal anesthetic success in young permanent teeth was
also studied in the French patients who were younger than
16 years old using intra-osseous injection (Quick Sleeper
2 system, DHT, Cholet, France) as a primary injection
technique, where the authors found that the success rates
were 89.9% for restorative procedures and 92.3% for
endodontic procedures.'®) In conclusion, the results from
these three studies('>7%%) suggested that there is a need
of highly efficacious technique that can enhance pulpal
anesthetic success in the young permanent teeth with deep
caries because none of the investigated techniques could

reach a 100% success.
Discussion

What are the important steps for clinicians to provide
adequate pulpal anesthesia in pediatric patients with
deep carious young permanent mandibular molars?

Evidently, it is difficult to achieve successful pulpal
anesthesia in deep carious young permanent molars due
to their unique characteristics as previously mentioned.
Hereby, a summary of important clinical steps for increas-
ing pulpal anesthetic success is discussed.

In young permanent teeth with deep caries, pulpal
diagnosis should be acquired after taking a thorough his-
tory, oral and radiographic examination. A major, and
essential, step of pulpal diagnostic process is the use of
pulp sensibility tests which was defined as the ability
of nerve fiber in the dental pulp to respond to stimuli.
Positive response to sensibility tests indicates that the
nerve fibers are functioning and may indirectly deter-
mine that the tooth is vital. The most common methods of
pulp sensibility tests are cold and electric pulp testing.®”)
Importantly, immature permanent teeth contained few-
er myelinated axons within the pulp, and thus had in-
complete innervation at the pulpo-odontoblast layer(’?)
and an incomplete formation of the Raschkow’s plexus.
Consequently, these immature teeth will have a higher

threshold to electric pulp testing and can give a higher
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rate of false negative results.”) Therefore, unlike in adult
patients, EPT should not be used as routine sensibility test in
pediatric patients. Cold testing with refrigerant sprays cold
test has proved to be more reliable than EPT!7%) and was
used in published clinical studies of vital pulp therapy in
young permanent teeth.(46:67.68.73.74)

After pulpal diagnosis, i.e., normal pulp, reversible
pulpitis, and irreversible pulpitis, is obtained, clinicians
should be aware that there is no ‘one shot fit all’ that can
give predictable pulpal anesthesia, especially in pediatric
patients. Young permanent teeth are likely to have more
anesthetic failure than adult teeth. The more severe the
pulpal diagnosis, the higher failure rate of pulpal anesthe-
sia can be anticipated.*%67-%%) Moreover, even in young
permanent teeth with normal pulp, pulpal anesthetic
failure after IANB was reported at 62.1%.(7) Conse-
quently, supplemental injection after IANB is advocated
prior to any treatment that may provoke pain.
Based on physiology and clinical studies, the most prom-
ising supplemental injection techniques are in order as 10,
ISA followed by IL and MBI, accordingly.(®'®)

Many clinical studies in pediatric patients chose 4%
articaine with 1:100,000 epinephrine over other types of
anesthetic agents for anesthetizing the young permanent
mandibular molars.(6-:67-6873.74) The unique features of
articaine, as it contains thiophene ring resulting in superior
bone penetrating ability®®, especially the thick mandi-
bular cortical bone, may increase success of pulpal anes-
thesia. However, it is important to remember that articaine
is prepared in a 4 % solution, and maximum dosage should
be carefully calculated from the body weight of patients
on the day of treatment, that is not exceed 7 mg/kg and
maximum total dosage should not exceed 500 mg.”

IANB should be administered correctly and care-
fully.®» After administration of IANB, soft tissue anes-
thesia should occur within 4.5 to 6 minutes and pulpal
anesthesia should occur within 5 to 19 minutes.”) The
soft tissue anesthesia is the confirming sign that clinician
had performed IANB accurately. Nevertheless, clinicians
should be aware that profound lip and tongue numbness
does not represent profound pulpal anesthesia. Studies
in pediatric patients reported that after IANB and con-
firmation of soft tissue anesthesia, 73.3% of the patients
responded positively to refrigerant cold test, implying
that pulpal anesthesia was not obtained.®” Consequently,

after IJANB and confirmation of soft tissue anesthesia,
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the selected supplemental injection can be subsequently
performed with proper technique and equipment.

Evaluation of pulpal anesthesia by using refrigerant
cold test prior to operative treatment is highly recom-
mended. If the tooth responded negative to cold test, the
treatment can be initiated. If the tooth responded positive
to cold test, waiting for 15 minutes maximum is recom-
mended because this may be the case of delayed onset of
pulpal anesthesia after IANB.1377570) However, if the
tooth still responds positively to cold test after maximum
waiting time, additional supplemental injection can
be given but should not exceed maximum calculated
dosage, or rescheduling the patient for treatment under
other adjuncts such as preemptive medication and inha-
lation sedation may be a viable option.

Although pre-operative pulpal anesthesia was
achieved, patients may experience pain intra-operatively.
Recently, Murillo-Benitez et al. reported that dental
anxiety in adult patients who received endodontic treat-
ment is significantly correlated to intra-operative pain.
Patients with high levels of anxiety are 2 to 9 times
more likely to feel moderate or intense intra-operative
pain during root canal treatment.””) Notably, patients’
expectations of pain during treatment was higher than
that perceived, and anxiety may play a key role in such an
“over-expectancy” of pain.’® It is important that dentists
should be able to assess the child patients' dental anxiety
as early as possible, so that they may identify the patients
who require special attention and treatment protocol modi-
fications with regards to their fear.(’)

Pain assessment intra-operatively is also important.
Previous studies have reported that pediatric patients still
experience pain intra-operatively at 27.1% to 33.33%,
despite none of these teeth responding to the cold test
prior to the treatment.(7-%%) Pediatric patients should have
a sense of control by giving them opportunity to express
their level of pain during treatment. The Wong-Baker
Faces Pain Rating Scale (WBFPS) is recommended for
pain assessment in children.®?) This scale has adequate
psychometric properties, and is easy, quick to use and
inexpensive to reproduce. The child patients should
be informed that if they experienced any pain during
treatment, they could express their feelings to their den-

tists. In some instances, supplemental injection may be
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necessary, especially in some invasive procedure, such as
pulp excavation. Intrapulpal injection is the last resource
for providing pulpal anesthesia to allow completion of
pulp treatment. This technique could be done by directly
administered the anesthetic solution into the pulp tissue

and wait for 30 seconds prior to continuation of treatment.

Conclusions

Solely anesthetizing young permanent teeth by infe-
rior alveolar nerve block is not effective enough to acquire
adequate pulpal anesthesia in young permanent mandi-
bular molars with deep caries due to their uniqueness
in terms of innervation, vascularization, and composi-
tion. To provide a pain free quality care to the vulnerable
pediatric patients, not only the fundamental understand-
ing of the routinely used IANB, but also the up-to-date
information regarding additional techniques suggested
to improve the pulpal anesthetic efficacy is crucial for
dental practitioners. To date, there is no single approach
that can provide a high success rate of pulpal anesthesia
in deep carious young permanent mandibular molars.
Theoretically intraosseous and intraseptal supplemental
injection following IANB may considerably improve the
pulpal anesthetic efficacy. Consequently, a well-controlled
randomized controlled trial regarding these supplemental
injection techniques is necessary to complete this missing

piece of information.
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