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A Clinical Study on the Effect of
Injection Sites on Efficacy of
Anesthesia and Pulpal Blood Flow
in Carious Teeth

QH Zheng * QC Hong * LL Zhang ¢ L. Ye « DM Huang

Clinical Relevance

Infiltration anesthesia over the midpoint of the line connecting the root apexes of two
adjacent teeth causes less reduction of pulpal blood flow.

SUMMARY

This randomized clinical trial evaluated the
efficiency of maxillary infiltration anesthesia
in carious teeth at two different injection sites
and their impact on the laser Doppler record-
ings of pulpal blood flow (PBF) during a caries
excavation procedure. The null hypothesis
tested was that there are no differences in
the efficiency of anesthesia and PBF reduction
between maxillary infiltrations at the two
injection sites. One hundred twenty patients
were divided into three groups according to
the degree of carious lesion of their maxillary
left central incisors (moderate caries, deep
caries, or no caries). Forty patients in each
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group randomly received infiltrations over
the root apex of maxillary left central incisors
(site X) or over the midpoint of the line
connecting the root apexes of both maxillary
left central and lateral incisors (site Y) using
0.9 mL 2% lidocaine with 1:100,000 adrenaline.
Teeth were pulp tested at five-minute inter-
vals after injection except for the period of
cavity cutting, which was done 12 minutes
after injection. The PBF changes after injec-
tion were monitored by laser Doppler flowme-
try. The observation period in this study was
60 minutes. Success of anesthesia was defined
as no or mild pain on cavity cutting by visual
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analog scale recordings. Deep caries group
showed significantly higher baseline PBF
(p<0.05). All groups showed 100% success of
anesthesia and similar duration time (p>0.05).
Subgroups that had the injection at site Y
showed significantly less reduction of PBF
(p<0.05). Cavity-cutting procedures increased
the amplitude of the PBF around the lowest
value after injection. Independent of the cav-
ity depth, carious anterior teeth anesthetized
by infiltration further from the apex had
significantly less reduction on the pulpal
blood flow compared with teeth anesthetized
by infiltration at the apex.

INTRODUCTION

An intact pulpal blood flow (PBF) is critical for
maintaining the health of the dental pulp.! Because
the dental pulp is enclosed in a low-compliance
environment surrounded by enamel and dentin and
lacks of collateral circulation, it is more vulnerable
and does not easily tolerate injury.! Under the long-
term accumulation of noxious stimuli, even a small
rise of pulpal pressure can significantly affect the
local circulation.?® The reduction of PBF ensuing
from an increase in pulpal pressure fails to provide
sufficient oxygen and nutrients for pulpal cells and
has the compounding effect of reducing the clearance
of large molecular weight toxins or waste products,
thus causing irreversible pulpal pathosis.*®

Maxillary infiltration is a common method for pain
control in dentistry, which provides effective pulpal
anesthesia in more than 60% of the cases.®'?
Epinephrine added to anesthetics benefits the
duration and quality of pulp anesthesia, which
mainly depends on its vasoconstrictor properties on
blood vessels in close proximity to the injection
site.!* Despite its positive effect on anesthesia, the
vasoconstriction effect was considered to have
adverse effects on the pulp status of the teeth,
particularly if the pulp is inflamed preoperatively. '
Many studies have assessed the effects of local
anesthetics with vasoconstrictors on pulpal circula-
tion.'* 1% They confirmed that epinephrine in local
anesthetics does reduce PBF, regardless of whether
it is administered by infiltration or nerve block.
However, it remains unclear how to minimize the
side effect on PBF reduction and simultaneously
provide promising effects of anesthesia.

Dental caries is the main cause of irreversible
pulpal inflammation. Restorative dentistry plays
an important role in active caries control, which
itself may cause significant irritation to the dental
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pulp.’ Besides, the effects of pulpal insults are
considered cumulative. With each succeeding irri-
tation, the pulp has a diminished capacity to
remain vital.! Apart from the well-known chemical
irritants like restorative materials, physical irri-
tations during cavity preparation such as from
heat, desiccation, or vibration are reported factors
that may adversely affect the dental pulp.®17-1°
However, most of the studies were conducted on
human or experimental animal teeth with normal
pulp, which may not reveal the true effects of these
procedures on teeth with carious lesions that are
already causing inflammation of the pulp. More-
over, reduced PBF and its underlying effect by a
local anesthetic with vasoconstrictors were not
considered.

Because the pulp tissue cannot be directly inspect-
ed, indirect methods like thermal and electric pulp
tests were frequently used to evaluate the pulp
vitality. The cold test is a more reliable test
(sensitivity and specificity) to prove the vitality of
the tooth and the success for anesthesia as found by
Petersson and others.?°

It is generally accepted that assessment of the
blood supply within the dental pulp (pulp vitality) is
the earliest indicator and may be the only available
true indicator of the actual state of pulpal
health.??2 However, thermal and electric pulp tests
actually assess the condition of the nerves within the
dental pulp rather than the pulp blood supply. Laser
Doppler flowmetry (LDF) is reportedly able to assess
changes of blood flow within the dental pulp
noninvasively.?? It is considered the most accurate
method for diagnosing the state of pulpal health and
came closest to serving as a gold standard.??2*

To date, no study has assessed the effect of
infiltration anesthesia and following cavity cutting
on the PBF of carious teeth. The aims of the present
study were to (1) evaluate the anesthesia effect at
two injection sites for carious maxillary left central
incisors using 2% lidocaine with 1:100,000 adrena-
line and (2) monitor the dynamic PBF changes
induced by the injection and following cavity cutting
by LDF. We compared two injection target sites in
this study: site X was centered over the root apex of
the carious maxillary left central incisors and site Y
was over the midpoint of the line connecting the root
apexes of both maxillary left central and lateral
incisors. The null hypothesis tested was that there
are no differences in the efficiency of anesthesia and
PBF reduction between maxillary infiltrations at the
two injection sites.

$S900E 98] BIA |0-60-GZ0Z 1e /woo Alojoeignd-pold-swiid-yewssiem-1pd-awiid//:sdiy woll papeojumoc]



24

METHODS AND MATERIALS
Subjects

All patients were informed about the purpose and
procedures used in the study, and they gave their
written informed consent to the protocol approved by
the Sichuan University Committee for Research on
Human Subjects (WCHSIRB-D-2015-104R1).

Eighty participants with unrestored carious max-
illary left central incisors and 40 participants with
healthy maxillary left central incisors were included
in this study, for a total of 120 subjects (66 men and
54 women; age, 18 to 39 years). All subjects were
randomly selected from the pool of patients referred
to the Department of Conservative Dentistry, West
China Hospital of Somatology, from November 2015,
until the number of subjects achieved the require-
ment of this study.

Tooth responsiveness to external stimuli was
evaluated by conventional electrical and thermal
tests. Radiographs were taken to ensure that the
pulp chamber was visible and the periapical status of
the tooth was normal. The extent of caries was
determined by radiographic combined with clinical
examination. Criteria for exclusion were as follows:
caries lesion offended the cervical area of the tooth
crown or caused pulp exposure, gingivitis, or peri-
odontitis; a history of spontaneous pain of teeth; a
history of recent trauma or orthodontic treatment;
active sites of pathology in the area of injection;
allergic to anesthesia; a significant medical history
or medication that might influence anesthesia and
PBF; a history of smoking or drinking; and being
pregnant or breastfeeding.

Participants were divided into three groups ac-
cording to the degree of caries lesion. The moderate
caries group included participants with moderate
caries lesions limited to the shallow dentin layer
(n=40). The deep caries group was participants with
deep caries lesions to the inner dentin layer (n=40).
The no caries group was participants with healthy
intact maxillary left central incisors (n=40). Each
subject was randomly assigned to infiltration at one
of the examined sites.

Laser Doppler Flowmetry

PBF was measured using a LDF (moorVMS-LDF1-
HP, Moor, Axminster, England) with light delivered
at a wavelength of 785 nm produced by a 2.5-mW
laser and a type CP3 probe (Moor) with a cross-
sectional diameter of 1.6 mm. Before each data
collection session, the LDF was calibrated using a
motility standard liquid consisting of a low concen-
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Figure 1. Photographs showing the recording of laser Doppler. (A):
View of the placement of rubber dam, acrylic guard, and application of
the LDF tester. (B): Setup for the recording of the laser Doppler.

tration of polystyrene microspheres in water under-
going thermal motion (Moor Motility Standard,
Moor).

Customized acrylic resin splints were used to
secure the probe in the appropriate positions.
Channels were drilled through the splint to allow
for the insertion of the optical probe for pulpal
recordings. The probe was placed perpendicular on
the labial enamel surface of the tooth crown
approximately 3 mm from the gingival margin, over
the central long axis of the crown (Fig. 1). An opaque,
heavy-gauge rubber dam was placed, and the
participant was allowed to rest in a supine position
in the dental chair for 15 minutes prior to LDF
measurement. Heart rate and blood pressure were
taken throughout the measurement sessions. The
PBF was expressed in perfusion units (PUs), mon-
itored, and subsequently analyzed using data pro-
cessing software (Moor VMS-PC) (Figure 1). All
measurements were performed by the same operator
under standardized environmental conditions at a
constant room temperature. The operator only
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examined
tooth

Figure 2. Schematic diagram of injection sites.

recorded the PU values and did not know the aim
and design of the study.

Experimental Procedures

An electric pulp tester (Analytic Technology, Red-
mond, WA, USA) was used to record pulpal
sensitivity of the subjects in each group in machine
units before the experiment to determine the
baseline response. The contralateral maxillary
canine was used as a control to ensure that the
pulp tester was operating properly and that the
volunteers were responding appropriately during
the study. The current rate was set at 25 seconds to
increase from no output (0) to the maximum output
(80). All the preinjection and postinjection pulp
tests were performed by the same trained person
who was blinded to the anesthetic target site
administered.

After the measurement of the baseline response
using the electric pulp tester, the rubber dam and
splint were put on, and the LDF measurement was
made to obtain the baseline PU value of the
subjects. The rubber dam and splint were then
removed, and the participants in each group
randomly had buccal infiltration at one of the two
sites using 0.9 mL 2% lidocaine hydrochloride with
1:100,000 adrenaline. Site X was centered over the
root apex of the maxillary left central incisor, the
common recommended site (n=20), and site Y was
centered over the midpoint of the line connecting
the root apexes of both maxillary left central and
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lateral incisors (n=20) (Figure 2).The randomiza-
tion process involved selection of one from among 40
sealed envelopes for each group by the operator
immediately before the anesthesia, and this re-
vealed to the operator the target sites to inject. The
participants did not know the site of injection. All
administration was done quantitatively with a 31-
gauge needle (CK-JECT, CK Dental Ind Co, Bu-
cheon, Korea) placed in the submucosa over the
estimated position by a computer-controlled local
anesthetic delivery system at default mode (KM-
7500, KMG Co, Busan, Korea). Criterion for pulpal
anesthesia was no response from the subject at the
maximum output (80 reading) of the pulp tester.
The onset of anesthesia was defined as the time
from the end of injection to the first of two
consecutive 80 readings. The duration of pulpal
anesthesia was defined as the time from the onset of
pulpal anesthesia to the time recorded before two
positive responses to the pulp tester were obtained.’

After the administration, PU value was recorded
for 12 minutes to evaluate the PBF change during
the time from the end of injection to the beginning of
cavity cutting. Pulp sensitivity was recorded at five
and 10 minutes after injection. If the teeth showed
response at the maximum output, one more pulp
electrical test was done five minutes later.

Cavity cutting began on the moderate and deep
caries groups 12 minutes after injection. Each two
minutes, drilling was followed by four minutes
recording of the PU value. The drilling session was
repeated three times to ensure the complete excava-
tion of carious lesions. All the drillings were done by
the same experienced doctor. Teeth in the no caries
group remained undrilled. The PBF was then
monitored continuously, and pulp sensitivity was
recorded at five-minute intervals until the end of the
observation time.

Participants were instructed to definitively rate
any pain felt during the cavity cutting using the
Heft-Parker Visual Analog Scale (VAS)?® on a 170-
mm marked line. The VAS was divided into four
categories: no pain (0 mm), mild pain (1-54 mm),
moderate pain (55-113 mm), and severe pain (114-
170 mm). A designated doctor not involved with the
clinical phase of the study collected and analyzed the
VAS forms. The success of the maxillary infiltration
was defined as the ability to clean the carious lesion
of the tooth without pain (VAS score of 0) or with
mild pain (VAS score of <54 mm). After the study
ended, the cavities were restored following routine
procedures.
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Table 1: Duration of anesthesia and mean pain ratings after cavity cutting in each group (mean+SD)

Injection target sites

Participants

Moderate caries group

Deep caries group No caries group

X Y X Y X Y
Duration of anesthesia (min) 53.2+7.4 47.9+51 51.9+6.8 46.2+5.7 52.6*+7.0 47.0+5.3
Mean pain ratings 14.6+6.7 15.0+£5.9 15171 17.4+x7.3 —_ —

Statistical Analysis

Assuming a 70% anesthetic success rate and a
nondirectional o risk of 0.05, a total sample size of
110 subjects and almost 18 subjects for each of the
six subgroups would be required to show a difference
in anesthetic success of a 30% decrease with a power
of 0.90. The effects of the degree of caries and the
injection sites on the results and their interaction
were analyzed using analysis of variance for factorial
design. Comparisons between and within groups for
the duration of anesthesia, baseline PU value, and
the percentage of fluctuation amplitude (percentage
of fluctuation amplitude of PU value to baseline PU
value) during drilling were analyzed using Tukey’s
test. The data of percentage reduction of the PU
value (percentage of maximal reduction of PU value
to baseline PU value) within 12 minutes after
injection was analyzed using the Games-Howell test.
p<0.05 was considered significant.

RESULTS

All the subjects had successful anesthesia. None of
the subjects showed response to the electric pulp
tester at five minutes after injection. The mean
durations of anesthesia are presented in Table 1, and
no statistical differences were found between the
groups.

The baseline PBF values, the mean percentage
reduction of PBF within 12 minutes after injection,
and the mean percentage fluctuate amplitude of PBF
during cavity cutting in each group are listed in
Table 2. The deep caries group has a higher baseline
PBF than the other groups (p<0.05). The subgroups
with injection at site Y showed a lower percentage

reduction of PBF than those injected at site X
(p<0.05). The degree of caries showed no obvious
effect on the PBF change and had no interaction
with the injection sites (p>0.05). None of the
subjects returned to baseline PBF by the end of the
observation time.

Subjects who had the same treatments showed a
similar trend of PBF change within 60 minutes after
injection. The decrease in PBF is illustrated in
Figure 3. During the first 12 minutes after injection,
the reduction of PBF seemed to be more abrupt in
the subgroups with injection at site X than at site Y
(Figure 4). Obvious fluctuations of PBF were found
during cavity cutting in all study groups (Figure 5).
The percentage fluctuation amplitude of PBF during
the cavity-cutting procedures presented no statisti-
cal differences among the groups (p>0.05). No
obvious fluctuation of PBF was found in the group
with healthy maxillary left incisors (no cavity
cutting).

DISCUSSION

We used the 80 reading (maximum output) of the
electric pulp test as a criterion for pulpal anesthesia
based on the studies of Drevenet and others®® and
Certosimo and Archer.?” Petersson and others®’
reported that the probability of a sensitive reaction
representing a vital pulp was 90% with the cold test
using ethyl chloride and 84% with the electrical test.
Due to the lack of ethyl chloride in the clinical
department during the period of our study, we used
the electrical test instead of the cold test.

All the subjects had successful infiltration, regard-
less of the injection site and degree of caries, which

Table 2: Baseline PBF, percentage reduction and percentage fluctuation amplitude of PBF in each group (mean+SD)?

Injection target sites

Participants

Moderate caries group

Deep caries group No caries group

X Y X Y X Y
Baseline PBF 579+0.90° 575+0.81° 9.91+0.85° 10.09+1.18% 598+0.86° 6.02+0.86°
Maximal reduction of PBF to baseline PBF (%) 57+62 39+8° 58+52 32+10° 57+52 36+7°
Fluctuation amplitude of PBF to baseline PBF (%) 133 142 14+1 12+2 — —

2 In each row, statistical groups are designated by superscript letters (p<0.05).
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Pulpal Anesthesia
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Figure 3. Dynamic changes of PBF
and tooth response to electric pulp

o Pulp Tester Unit

Rl 0 tester of one subject’s injection at site

X in moderate caries group 60 min-
utes after injection. PU%, the per-
centage of the real-time PU value to
the baseline PU value; a, complement
of injection; ¢, beginning of cavity
cutting;, ab curve, stage of PBF
abruptly reduced after injection; bc
curve, phase that PBF slowly de-
clines; d, complement of cavity cut-
ting; e, the percentage PU value at 60
minutes after injection; fg segment,
tooth showed no response at 80
reading of the pulp tester.
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means that no obvious pain was reported during the
cavity-cutting procedure. The reported success rate
of infiltration anesthesia for healthy maxillary
central incisors ranged from 72% to 100%.1%13:28:29
These variations may be partly due to the different
kind and dosage of the anesthetic agents, as well as
the population and operator difference.®

The information about the onset and duration of
infiltration is important for clinic treatment. Kdm-
merer and others®® reported that the mean onset of
infiltration for maxillary central incisors using 4%
articaine with varying dosages of epinephrine was
4.2 to 5.3 minutes. For PBF evaluation, we per-
formed the electric pulp test at five and 10 minutes
after the injection instead of evaluating the timely
onset of the anesthesia. We found that five minutes
was enough for the left maxillary central incisors in
all groups to show no response to a reading of 80. It is
difficult to compare our study with that of Kam-
merer and others®® because of the different kinds of
anesthetics. The present results were close to those
found in research on maxillary lateral incisors with a
similar study design.®® Whether there are differenc-
es in the anesthesia effects between the central and
lateral incisors needs further investigation.

The mean duration of anesthesia of each group
was greater than 45 minutes but limited to one hour,
and no differences were found at the two injection
sites. There are controversies regarding the duration

of infiltration anesthesia for maxillary central
incisors using 2% lidocaine with 1:100,000 epineph-
rine. Similar to our study, Lawaty and others®
reported that anesthesia of short duration (less than
one hour) occurred in 42% of the subjects. In
contrast, Pitt and others'® reported that the dura-
tion of anesthesia exceeded 80 minutes in all of the
maxillary central incisors. Adding the dose of
anesthetics was considered helpful for prolonging
the duration of anesthesia.” In our pilot study,
anesthesia using 1.8 mL 2% lidocaine with
1:100,000 epinephrine can provide a longer duration
of anesthesia. However, considering the possible side
effects induced by prolonged vasoconstriction,®'* 45
minutes was adequate for short dental operative
procedures to minimize injury to the pulp.

The baseline PBF of the subjects in the deep caries
group was much higher than the other groups, which
indicated that there may be primary pulpal conges-
tion in teeth with deep caries, although these
subjects showed normal responses to the thermal
and electrical tests. The increase in baseline PBF
seemed to have no obvious effect on the success rate,
onset, and duration of infiltration for maxillary
central incisors in the present study, yet the long-
term side effects on these teeth should be monitored.

A significant reduction in PBF occurred after the
injection in all subjects, as reported by other
studies.'®*3%31 Pitt and others'® reported a prom-
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Figure 4. Curve of the mean PBF change within 12 minutes after
injection in four study groups. A1, moderate caries group with injection
at site X; A2, moderate caries group with injection at site Y; B1, deep
caries group with injection at site X; B2, deep caries group with
injection at site Y.

Figure 5. An illustration of fluctuation of PU values after each cavity-
cutting section of one subject for each subgroup in the deep caries
group. The horizontal dotted line represents the mean PU value at the
beginning of cavity cutting. B1, deep caries group with injection at site
X; B2, deep caries group with injection at site Y.

inent reduction (31%) of PBF in maxillary central
incisors when 1 mL 2% lidocaine with 1:80,000
adrenalin was administered. Ahn and others'* found
a 73% reduction of PBF in the maxillary premolars
after infiltration using 2% lidocaine with 1:100,000
epinephrine. The variations in PBF reduction be-
tween each study were partly attributed to the tooth
position, dosage of vasoconstrictor, and population.
Our results showed that reduction of PBF in
subgroups injected at site Y was significantly less
than those injected at site X. It is difficult to compare
this result with other studies because none of the
previous studies determined the effect of injection
sites. Site X subgroups showed a 3- to 4-minute
linear decrease of PBF soon after injection followed
by a gradual reduction. Most studies reported that
PBF after injection showed a rapid decrease and a

Operative Dentistry

gradual return toward the baseline value.'®3! How-
ever, site Y subgroups exhibited a more moderate
change of PBF, which was not reported in previous
studies. The results mentioned above suggest that
site Y may induce less effect on the PBF of the ill
tooth, which may benefit pulp health. Despite the
reduction speed of PBF, the PBF became compara-
tively stable at the time the cavity cutting procedure
began in this study.

Cavity cutting was considered to have adverse
effects on the PBF of the teeth.?23* In the present
study, the PBF of the subjects experiencing cavity
cutting exhibited prominent fluctuations after every
two minutes of drilling, whereas the teeth without
drilling showed no obvious variation in the ampli-
tude of PBF. No statistically relevant differences
were found in the percentage of fluctuation ampli-
tude of PBF to baseline PBF between each study
group, which suggests that cavity-cutting procedures
may independently affect the PBF. Whether the
accumulation effect of the reduction of PBF after
anesthesia and the repeated fluctuation in PBF after
dentin cutting found in our study has short- or long-
term effects on the pulp status of teeth still needs
further investigation.

By the end of the observation period in this study,
none of the teeth returned to its baseline PBF, which
was similar to the results reported by Ahn and
others' and Pitt and others.'® Although blood flow
measurements were not continued past 60 minutes,
a rebound hyperemic effect may be expected.

Assessments of PBF using laser Doppler may be
highly susceptible to environmental and technique-
related factors, including characteristics of the laser
beam, probe position, tooth type, and nonpulpal
signals obtained from nearby tissue.?*3® In this
study, the combination of the splint and rubber dam
ensures the greatest possible accurate repositioning
of the probe and isolation of the periodontal signal.
Besides, maxillary central incisors were reported as
having no significant interindividual differences on
PBF characteristics®®; the interindividual controls in
our study leads to a convincing result.

CONCLUSION

With the limitations of this present study, we
concluded that, independent of cavity depth, carious
anterior teeth anesthetized by infiltration further
from the apex had significantly less reduction on the
pulpal blood flow compared with teeth anesthetized by
infiltration at the apex, which may be beneficial for
the prognosis of teeth with suspicious pulp congestion.
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