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Objective: The aim of this study was to investigate the changes in pulpal blood flow (PBF) and pulpal oxygen tension
(PpulpO2) after injecting local anesthetics with vasoconstrictors.
Methods: Under general anesthesia, male Japanese White rabbits were injected with 0.6 mL of 2% lidocaine with
1:80,000 epinephrine (LE) or 3% propitocaine (prilocaine) with 0.03 IU felypressin (PF) at the apical area of the lower
incisor.
Results: Relative to baseline, PBF and PpulpO2 significantly decreased 5 minutes after LE or PF injection as compared
with saline. The decrease in PBF was significantly lower in the LE group than in the PF group. Although the LE group
had a larger decrease in PpulpO2 relative to baseline than the PF group did, that difference was not significant. PBF and
PpulpO2 recovered to baseline faster in the PF group than in the LE group.
Conclusion: The injection of local anesthetic solutions containing vasoconstrictors (LE or PF) transiently caused
significant decreases in PBF that resulted in significant decreases in PpulpO2. The recovery of PpulpO2 was faster than
PBF regardless of the vasoconstrictor used.
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Epinephrine or felypressin are added as vasoconstric-

tors to local anesthetic solutions frequently used in

clinical dentistry. Their vasoconstrictive action delays

the local absorption into the blood vessels, thereby

enhancing and prolonging the local anesthetic action.1,2

However, the vasoconstriction also causes decreased

pulpal blood flow (PBF), particularly if an infiltrative

technique is used.3 Because a positive correlation

between tissue blood flow and oxygen tension in the

oral and maxillofacial region has been observed

following stellate ganglion block,4 the vasoconstrictor-

induced decrease in PBF should expectedly cause a

decrease in pulpal oxygen tension (PpulpO2), which, if

sustained, may damage the pulpal tissues. In a study

using radioisotopes to measure PBF in dogs, Kim et al3

showed that lidocaine with epinephrine reduces the PBF
of maxillary canine teeth to ~30% of control, indicating
a potential risk for pulpal necrosis. However, even
though injecting local anesthetic solutions containing a
vasoconstrictor likely causes hypoxia in the pulp,
necrosis does not normally occur. Amemiya et al5

reported that in vitro pulp cells are resistant to hypoxic
conditions.

Kong et al6 used pulse oximetry to measure the
oxygen dynamics of pulp tissue. Other reports have used
pulse oximetry to evaluate pulp vitality in vital,
traumatized, nonvital, and other teeth.7,8 However, the
technique was originally intended to measure arterial
oxygen saturation by passing red and infrared light
through soft tissues. Questions remain about the
reliability of measured values for pulpal tissues because
of the differences in optical conditions, since the pulp
presents as soft tissue surrounded by hard tissues such as
enamel and dentin.

While studies have reported on PBF and pulpal
oxygen saturation levels measured separately,3,7,8 no
studies have investigated both PBF and PpulpO2 in the
same subjects following injection of local anesthetic
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solutions containing a vasoconstrictor. As such, little is

known about the relationship between the degree and

duration of reduced PBF caused by vasoconstrictors

and PpulpO2 dynamics. We therefore conducted this

study to measure changes in PBF and PpulpO2 following

administration of either 1 of 2 conventionally used local

anesthetic solutions containing vasoconstrictors (lido-

caine with epinephrine or propitocaine [prilocaine] with

felypressin) or a saline placebo and to assess the

potential relationship between PBF and PpulpO2.

METHODS AND MATERIALS

Animal Preparations

This study was approved by the animal experiment

ethics committee of Tokyo Dental College (approval no.

302503). A total of 21 male Japanese White rabbits

(lidocaine with epinephrine group, n ¼ 8; propitocaine

with felypressin group, n¼ 8; normal saline group, n¼ 5;

weight ~2.0 kg; Sankyo Labo, Tokyo, Japan) were used

in this study and received humanitarian care in

accordance with Tokyo Dental College’s guidelines for

the treatment of experimental animals. All experimental

animals were given free access to food and water up to

the morning of the day of the experiment.

All rabbits were anesthetized with 5.0% isoflurane

inhaled through a mask. After each rabbit was secured

in a supine position, 0.5 mL of 1% lidocaine (5 mg) was

administered via infiltration, a tracheostomy was

performed, and a 20-Fr pediatric tracheal tube was

inserted into the trachea and secured. The right femoral

artery and left posterior auricular vein were then

cannulated with 22-gauge catheters as a route for

arterial pressure measurement and drug administration,

respectively. The rabbits were infused with Ringer’s

acetate solution at 8 mL/kg/h until the end of the

experiment. Rocuronium was administered continuous-

ly at 14 lg/kg/min for immobilization.9 End-expiratory

carbon dioxide tension (EtCO2) was measured with an

anesthesia gas monitor, and mechanical ventilation was

carried out to maintain an EtCO2 between 35 and 45

mm Hg. Mean arterial pressure and heart rate were

continuously monitored using a pressure transducer.

Under irrigation with water, a round bur was used to

make a small cavity ~0.8-mm in diameter into the pulp

chamber of the mandibular central incisor for insertion

into the pulp tissues of a tissue oxygen tension probe

(UOE-04T; Unique Medical, Tokyo, Japan) or a tissue

blood flow probe (UHE-100; Unique Medical), which

measures blood flow via the hydrogen clearance

technique.10

Upon completion of the above preparations, isoflur-

ane inhalation was stopped and sevoflurane inhalation

was started. The end-expiratory concentration of sevo-

flurane was maintained at 1.8%. Although induction of

anesthesia with sevoflurane is more rapid than isoflur-

ane in humans, the anesthetic depth can be inadequate

in rabbits, especially during the study preparations,

because of sevoflurane’s large minimum alveolar con-

centration value in rabbits.11 Thus, isoflurane was used

to induce and maintain anesthesia in this study until the

study preparations were completed.

Study Protocol

The tissue oxygen tensionmeasurement probe was left for

more than 1 hour after insertion into the pulp, and once

the cardiovascular parameters had stabilized, observa-

tion items were recorded, consisting of heart rate, mean

arterial pressure, and mandibular incisor pulpal oxygen

tension (PpulpO2). Cardiovascular variables were record-

ed with a bio tachometer (HRM-100; Unique Medical).

PpulpO2 was analyzed using a data collection and analysis

system (model UCO; Unique Medical).

Supraperiosteal infiltration near the mandibular cen-

tral incisor root apices was performed using 0.6mL of 2%

lidocaine with 1:80,000 epinephrine (LE) or 3% propito-

caine (prilocaine) with 0.03 IU felypressin (PF). The

control group was injected in the same manner and

location using 0.6 mL of normal saline. Data gathering

occurred before injection, 5 minutes postinjection, and at

15-minute intervals thereafter (20, 35, 50, and 65minutes).

After measurement, the tissue oxygen tension probe

was removed, and the tissue blood flow probe was

inserted to the same depth in the same location. The

probe was left for more than 1 hour, and once the

circulation parameters had stabilized, observation items

were again recorded, consisting of heart rate, mean

arterial pressure, and mandibular incisor PBF. PBF was

analyzed using the same data collection and analysis

system. The local anesthetic administration was repeat-

ed using the same agents, volume, and injection site, and

data gathering occurred at the same time intervals.

Statistical Analysis

An a priori power analysis was performed using

G*Power version 3.1.9.2. The sample size for the PBF

change 5 minutes after LE injection was calculated,

using an a¼ .05, a b¼ .2, and an estimated effect size of

1.2 based on the PBF change compared with baseline
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established by data from a previous study,3 producing a

minimum requirement of 8 rabbits per group.

All data are expressed as mean (standard deviation).

For statistical analysis, repeated-measures analysis of

variance and Dunnett test were performed for intragroup

comparison of measured values compared with baseline

values.Nonrepeated analysis of variance and the Student-

Newman-Keuls test were performed for the intergroup

comparison of measured values in the observation

periods after LE, PF, or normal saline injection. The

Pearson correlation coefficient was used to analyze the

relationship between PBF and PpulpO2. A P value less

than .05 was used to determine statistical significance.

SPSS version 27 was used for the statistical analyses.

RESULTS

Injection of local anesthetic solutions containing vaso-

constrictors did not affect heart rate and mean arterial

pressure in either group, although it did significantly

reduce PBF and PpulpO2 (Tables 1 and 2; P , .05).

Comparatively, the saline placebo injection did not

significantly affect heart rate, mean arterial pressure,

PBF, or PpulpO2 (Table 3).

Although significant decreases in PBF were noted

following injections with either test local anesthetic

compared with baseline and with the saline placebo

group, the LE group had significantly larger PBF

decreases than the PF group did for most time intervals

(Figure 1A). The reduction in PBF relative to baseline 5

minutes after injection was ~10% larger in the LE

group than in the PF group (~70% vs ~80%,

respectively; P , .05).

Similarly, significant decreases in PpulpO2 were

observed after injections in both the LE and PF groups

compared with baseline and with the saline group. The

reduction in PpulpO2 relative to baseline 5 minutes after

injection was ~5% larger in the LE group than in the

PF group (~85% vs ~90%, respectively), although that

difference was insignificant. Of note, a significant

increase in PpulpO2 was observed in the LE group

relative to the PF and saline groups at 50 minutes;

however, that increase was insignificant compared with

baseline (Figure 1B).

Comparing observation periods after the injections,

PBF remained significantly lower for a longer period in

the LE group than in the PF group. Relative to baseline,

PBF recovered in 50 minutes after LE injection and 35

minutes after PF injection (Figure 1A). Similarly, PpulpO2

remained lower for a longer period after injection of LE

than PF. Relative to baseline, PpulpO2 recovered 20

minutes after PF injection and 35 minutes after LE

injection (Figure 1B). Regardless of the vasoconstrictor

used, PpulpO2 recovered faster than PBF did.

A linear relationship was observed between PBF and

PpulpO2 values 5 minutes after the injection (r ¼ 0.99;

Figure 2). That same linear relationship was not found

at the other time points.

DISCUSSION

In this study, injections of LE or PF transiently

produced significant reductions in PBF and PpulpO2.

Table 1. Hemodynamic Variables and Tissue Oxygen Tension After LE Injection (n ¼ 8)†

Baseline 5 min 20 min 35 min 50 min 65 min

HR, bpm 263.3 (18.7) 263.8 (18.2) 263.7 (17.5) 263.8 (19.5) 264.4 (19.4) 264.5 (19.5)
MAP, mm Hg 70.0 (6.3) 70.0 (5.4) 69.0 (6.1) 69.4 (5.8) 70.5 (5.6) 70.6 (5.7)
PpulpO2, mm Hg 38.2 (3.0) 32.7 (4.3)* 32.8 (4.1)* 37.2 (4.0) 39.7 (2.7) 40.0 (2.7)
PBF, mL/100 g/min 31.1 (3.5) 21.2 (3.3)* 24.8 (4.4)* 26.1 (3.6)* 30.2 (3.7) 31.4 (4.0)

† Data are presented as mean (standard deviation). HR indicates heart rate; MAP, mean arterial pressure; PBF, pulpal blood
flow; PpulpO2, pulpal oxygen tension.

* P , .05 as compared with baseline.

Table 2. Hemodynamic Variables and Tissue Oxygen Tension After PF Injection (n ¼ 8)†

Baseline 5 min 20 min 35 min 50 min 65 min

HR, bpm 260.1 (16.5) 258.4 (16.1) 258.9 (15.9) 260.1 (15.5) 260.6 (16.0) 259.8 (16.8)
MAP, mm Hg 67.3 (8.5) 67.1 (8.0) 66.8 (8.2) 67.0 (8.7) 67.4 (8.5) 67.1 (7.9)
PpulpO2, mm Hg 36.0 (6.0) 32.4 (5.3)* 35.5 (6.1) 35.9 (6.2) 35.8 (6.1) 36.2 (6.1)
PBF, mL/100 g/min 30.0 (2.8) 23.4 (2.3)* 27.3 (3.0)* 30.2 (2.9) 30.1 (2.9) 30.0 (2.6)

† Data are presented as mean (standard deviation). HR indicates heart rate; MAP, mean arterial pressure; PBF, pulpal blood
flow; PpulpO2, pulpal oxygen tension.

* P , .05 as compared with baseline.
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PBF significantly decreased to a lower level from
baseline 5–35 minutes after LE injection as compared
with after PF injection. PpulpO2 was significantly
decreased 5 minutes after both injections with vasocon-
strictors and recovered faster after PF as compared with
LE (20 minutes vs 35 minutes). Accordingly, our
findings regarding the duration of PF being shorter
than that of LE are similar to those already report-
ed.12,13

The blood vessels of dental pulp are a microcircula-
tory system made up of arterioles and venules, and the
main determinant of PBF is vascular resistance.14 The
local anesthetic solutions used in this study contained
the vasoconstrictors epinephrine or felypressin. Fely-
pressin is a synthetic hormone with a structure similar to
arginine vasopressin and is a direct-acting agonist that
stimulates vascular smooth muscle. It acts on the
vasopressin V1 receptor subtype, which activates phos-
pholipase C and initiates the cascade of intracellular
events that lead to vascular contraction.15 Felypressin is
widely used among dental practitioners in Japan,
Europe, and elsewhere. Comparing the 2 vasoconstric-

tors, epinephrine acts mainly on pulpal arterioles, while

felypressin acts preferentially on pulpal venules.15,16

Epinephrine is likely to have a stronger vasoconstricting

action and longer duration of action than felypressin.

Thus, PBF and PpulpO2 may be reduced to a lesser extent

after injection with felypressin as compared with

epinephrine.

Terakawa et al4 reported that after stellate ganglion

block, tissue blood flow and tissue oxygen tension in the

oral and maxillofacial region increased on the injection

side and decreased on the contralateral side. This

indicates a positive correlation between tissue blood

flow and tissue oxygen tension. Kaneko et al17

administered LE or PF to the central incisors of adult

volunteers and examined changes in PBF and oxidized

and reduced hemoglobin in the pulp using a near-

infrared analyzer, finding that PBF decreased and

caused a concomitant decrease in pulpal oxidized

hemoglobin. The results of that study support our

results, namely, that PpulpO2 decreased as a result of

decreased PBF due to vasoconstrictor administration.

Table 3. Hemodynamic Variables and Tissue Oxygen Tension After Normal Saline Injection (n ¼ 5)†

Baseline 5 min 20 min 35 min 50 min 65 min

HR, bpm 267.0 (26.8) 268.7 (24.7) 267.4 (26.7) 266.2 (27.6) 264.9 (24.4) 265.0 (22.1)
MAP, mm Hg) 68.3 (5.1) 68.0 (4.0) 67.6 (4.1) 68.1 (6.2) 68.0 (6.7) 67.7 (5.1)
PpulpO2, mm Hg 37.9 (5.3) 38.3 (5.3) 37.3 (6.7) 37.2 (6.5) 37.3 (5.9) 38.0 (5.5)
PBF, mL/100 g/min 29.4 (3.4) 28.8 (3.9) 29.7 (4.3) 29.2 (4.5) 29.9 (3.7) 29.8 (3.8)

† Data are presented as mean (standard deviation). HR indicates heart rate; MAP, mean arterial pressure; PBF, pulpal blood
flow; PpulpO2, pulpal oxygen tension.

* P , .05 as compared with baseline.

Figure 1. (A) Pulpal blood flow (PBF) changes relative to baseline after injection. PBF was significantly lower for 2% lidocaine with
1:80,000 epinephrine (LE) as compared with propitocaine (prilocaine) with 0.03 IU felypressin (PF) and saline placebo for 35
minutes. PBF was significantly lower for PF compared with saline placebo for 20 minutes. PBF did not change after the saline
placebo injection. (B) Pulpal oxygen tension (PpulpO2) changes relative to baseline after injection. PpulpO2 was significantly lower for
LE and PF compared with saline placebo at 5 minutes. PpulpO2 was significantly lower for LE compared with PF and saline at 20
minutes. PpulpO2 did not change after the saline placebo injection. *LE versus PF. †LE versus normal saline. ‡PF versus normal
saline. P , .05.
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Although the decrease in PpulpO2 occurred along with

the reduction in PBF, it did return to baseline faster.

Studies on dental pulp and retinal tissues have shown

that although tissue blood flow decreases in proportion

to increases in inhaled oxygen concentration, tissue

oxygen tension does not change, suggesting the presence

of an oxygen-dependent mechanism that regulates blood

flow locally.18,19 In addition, the fact that oxygen is

more easily transported to sites where blood flow has

decreased as a result of injury20 further supports the

existence of such a mechanism. In this study, the fact

that PpulpO2 recovered ahead of PBF despite the

transient decrease in PpulpO2 accompanying the vaso-

constrictor-induced decrease in PBF supports the

concept of a mechanism in dental pulp involved with

automatically regulating PpulpO2.

In a previous study, injection of epinephrine at doses

greater than 1.8 lg into the mental foramen of dogs

caused a decrease in blood flow in cuspid pulps.21

Another study noted that the metabolic activity of

dental pulp cells did not decrease while incubated under

hypoxic conditions for 1–4 days.5 It has also been

reported that a vasoconstrictor-induced decrease in PBF

is unlikely to cause strong pulpal ischemia, considering

that the decrease in oxidized hemoglobin in the pulp

after LE administration in rabbits was about a half of

the decrease noted when PBF was completely blocked

by bilateral carotid artery ligation.17 In this study, the

recovery of PBF 50 minutes after LE administration and

a decrease in PpulpO2 no greater than ~15% suggests

that the pulpal tissues were not subjected to substantial

ischemic conditions. The previous reports and the data

from this study suggest that dental pulp is unlikely to

suffer irreversible injury during the short period of

hypoxia caused by administration of a local anesthetic

with a vasoconstrictor.

In this study, PBF decreased to ~70% of baseline

after LE administration. In contrast, Kim et al3 reported
that PBF decreased to ~30% of the control value when

1 mL of 2% lidocaine with 1:100,000 epinephrine (a 10
lg epinephrine dose) was administered to the maxillary

canine teeth of dogs weighing approximately 10 kg.
Because rabbit teeth grow perpetually, the anatomical

form of their root apices resembles that of human
immature permanent teeth.22 The anatomical form of

the root apices of dog teeth, on the other hand,
resembles that of human permanent teeth in being close

together.22 Since the dose of epinephrine locally
administered to rabbits in this study was 7.5 lg, it is

possible that the vasoconstrictor-induced decrease in
PBF was affected not only by the vasoconstrictor dose

but also by the anatomical form of the root apices.

A strong relationship between PBF and PpulpO2 5

minutes after epinephrine or felypressin injection was
observed in this study. However, this relationship was

not observed after the injection 20 minutes and later.
This is thought to be attributed to the faster recovery of

PpulpO2 as compared with that of PBF. These results
suggest the possible presence of compensatory mecha-

nisms that act to reduce the metabolic rate to better
balance oxygen consumption and oxygen supply that

become apparent when the PBF is reduced. If such
mechanisms exist, they might explain the increase in

PpulpO2 above baseline noted 50 minutes after LE
injection. Although epinephrine might affect the meta-

bolic processes in pulpal tissues and act to decrease
tissue oxygen consumption, that is beyond the scope of

this study and remains unknown.

Limitations

One of the potential weaknesses of this study was the

order in which measurements were performed. Although
the monitored parameters were allowed to return to

baseline before the PBF was calculated, it is possible
that the first experimental step (PpulpO2 probe insertion/

measurement and injection) altered the sensitivity of the
vasoconstrictor receptors for the second experimental

step (PBF probe insertion/measurement and injection).
Thus, future investigations could confirm the results of

this study by assessing the potential impact of the order
in which PBF and PpulpO2 measurements are obtained.

CONCLUSION

Supraperiosteal injection of local anesthetic solutions

containing the vasoconstrictors epinephrine or felypres-

Figure 2. Relationship between Pulpal blood flow (PBF) and
pulpal oxygen tension (PpulpO2) 5 minutes after injection. A
linear relationship was observed between PBF and PpulpO2

values 5 minutes after the injection (r ¼ 0.99).
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sin caused significant decreases in PBF and PpulpO2. A
linear relationship was observed between PBF and
PpulpO2 values 5 minutes after the injections, which
supports the positive correlation between blood flow
and oxygen tension. However, PpulpO2 recovered faster
than PBF, regardless of whether epinephrine or fely-
pressin was administered.
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