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동통조절을 위해 국소마취제는 치과임상에서 광범위하게 사용되어진다. 가장 널리 쓰이는 국소마취제는 리도카인이

고 이는 마취효과의 지속 및 지혈효과 등의 목적으로 혈관수축제를 포함하고 있다. 대표적 혈관수축제인 에피네프린은

임상에서 1:300,000에서부터 1:50,000의 농도로 다양하게 사용되어진다. 수복치료를 위해서는 통상적으로

1:100,000 농도의 에피네프린이 사용되고 있고 외과적 근관치료시 지혈효과를 위해서는 1:50,000 농도의 에피네프린

이 추천되고 있다. 이들 농도의 에피네프린을 포함한 리도카인으로 국소마취시 에피네프린의 농도가 치수의 혈류 및 치

은의 혈류에 미치는 영향을 이해할 필요가 있고 그 영향이 전기치수검사에 대한 치수의 반응성에 미치는 영향도 이해할

필요가 있다. 따라서 혈관수축제를 포함한 국소마취제에 의한 치수혈류의 변화와 치수신경의 반응성을 이해하는 것은

중요하다 하겠다.

본 연구의 목적은 두 가지 농도의 에피네프린을 포함한 국소마취제로 마취시 나타나는 치수 및 치은의 혈류 변화를 치

수신경의 반응성과 비교, 관찰함으로써 국소마취제가 치수 및 치은에 미치는 영향을 파악하고자 함에 있다.

24세에서 27세까지의 10명의 피검자의 건전한 상악중절치를 시험에 이용하였다. Laser Doppler flowmeter의

probe을 고정하기 위한 splint를 간접법으로 인상용 putty를 이용하여 제작하고 치수 및 치은의 혈류량, 그리고 전기치

수검사에 대한 반응성을 측정하기 위한 3개의 구멍을 만들었다. 피검자를 10분간 안정시킨 후 마취 전 10분간 정상 혈

류량과 전기검사치를 측정하고 1:50,000 epinephrine과 1:100,00 epinephrine이 각각 함유된 2% 리도카인 용액

0.9 ml를 상악 좌측 중절치 치근단부위 협점막에 침윤마취하였다. 마취 후 70분간 치수 및 치은 혈류량을 laser

Doppler flowmeter를 이용해 연속적으로 측정하여 그 수치를 컴퓨터에 저장하였고, 매 5분 간격으로 전기치수검사를

시행하여 그 측정치를 기록하였다. 매 시간 간격의 평균 혈류량을 정상 혈류량에 대한 백분율로 나타내고, 각각의 농도

에서 최소 치수 및 치은 혈류량을 Paired t-test, Wilcoxon’s signed rank test, Duncan’s multiple range test,

Fisher’s exact test등을 이용, 통계분석 하여 다음과 같은 결과를 얻었다.

에피네프린이 함유되어 있지 않은 리도카인을 협점막에 주사시 혈류변화가 거의 나타나지 않았으나 1:50,000 및

1:100,000 에피네프린이 함유된 2% 리도카인을 협점막에 침윤마취시 치수 및 치은 혈류 공히 현저히 감소하였다

(p<0.01).

1:50,000 에피네프린군은 1:100,000 에피네프린군에 비해 치수 혈류량이 현저히 억제되어 나타났으나(p<0.01), 치

은 혈류량에서는 유의성 있는 차이를 나타내지 않았다(p>0.05). 

두 농도의 에피네프린 군 공히 치은혈류는 치수혈류에 비해 유의하게 많은 감소를 나타내었다 (p<0.05).

1;100,000 에피네프린 군에서 마취액 주입 후 치수혈류 최대감소가 가장 먼저 나타났고 이어서 전기검사에 대한 치

수의 반응성 소실 및 치은혈류 최대 감소의 순으로 나타났다 (p<0.05). 1:50,000 에피네프린군의 경우가 1:100,000

에피네프린군의 경우에 비해 마취지속시간이 길게 나타났으나 유의성은 없었다(p>0.05). 

KKeeyy wwoorrddss : Epinephrine, Local anesthetics, Pulpal blood flow, Gingival blood flow, Laser Doppler

flowmeter
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Ⅰ. INTRODUCTION

Local anesthetics with vasoconstrictor have been

widely used in dentistry for the control of pain

and also for the control of hemorrhage1). Surgical

anesthesia has been achieved more than twice as

frequently with a local anesthetic solution con-

taining vasoconstrictor as one without vasocon-

strictor2), and it has been recommended those

local anesthetic solutions containing vasoconstric-

tor should be used routinely for patient comfort1).

The most common vasoconstrictor is epineph-

rine, which has been used in concentrations from

1:50,000 to 1:300,000 to produce several benefi-

cial effects: decrease in plasma concentration of

local anesthetic, increase in duration and quality

of anesthesia, reduction in amount of anesthetic

needed, and hemostasis during surgical proce-

dures3). For these benefits, local anesthetics with

epinephrine is generally recommended in clinical

dentistry.

Local anesthetics are used not only in conven-

tional endodontic treatment to control pain during

pulp extirpation but also in surgical endodontic

treatment to control hemorrhage. For the control

of hemorrhage, relatively higher concentration of

epinephrine, i.e. 1:50,000, is used in surgical

endodontics in conjunction with local anesthetics

than in nonsurgical endodontics which usually

uses epinephrine concentration of 1:100,000.

Because bleeding occurs through the gingivo-

mucosal flap reflection and bony cavity prepara-

tion, epinephrine induced-vasoconstriction is the

first method of hemostasis in the endodontic

surgery4-6).

Pulpal circulation and its regulation play an

important role in inflammatory processes and pul-

pal pathophysiology7,8). Since new oxygen is sup-

plied and waste product is removed through the

blood circulation, epinephrine induced-blood flow

decrease may adversely exert harmful effects on

the metabolism of any tissue7). Because pulp rep-

resents a terminal circulation, prolonged vasocon-

striction may more readily damage the pulp than

vasoconstriction of other areas, such as the gingi-

va, which has more collateral circulation. 

For the use of epinephrine in local anesthetics,

we need to understand the effect of its concentra-

tion on the pulpal and gingival blood flow (GBF),

and their relation to pulpal numbness. Even

though some papers were published concerning

pulpal blood flow (PBF) changes induced by local

anesthetics with epinephrine, the influence of epi-

nephrine concentration on the PBF and GBF has

been rarely studied. 

The purpose of the study was to evaluate the

influence of epinephrine concentration on the PBF

and GBF, and their relation to pulpal numbness

induced by local anesthesia by simultaneous

recording of both blood flows and pulpal response

to electrical stimulus. 

Ⅱ. MATERIALS AND METHODS

Subjects

Maxillary central incisors of ten volunteers aged

24 to 27 (7 males, 3 females) were selected. Inf-

ormed consent was obtained from all subjects

involved in the study. The following criteria for

the maxillary left central incisors were used in

selecting the volunteers: no restorations, no tooth

discoloration or caries, normal response to both

thermal and electrical pulp testing (EPT), no

traumatic or orthodontic treated history and nor-

mal periapical radiographic finding.

Splint fabrication

Stabilizing splints were fabricated for each vol-

unteer. After impressions were taken on the

upper anterior region, stone casts were made.

With an opaque vinyl polysiloxane impression

putty (Exafine, GC Corp., Tokyo, Japan), stabi-

lizing splints were fabricated from the cast models

for the upper anterior area. Three holes were

made through the splint for each tooth. A cervical

hole was made on the labial side at approximately

3 to 4 mm from the gingival margin for pulpal

probe9); a gingival hole was on the labial side at 3

mm apical to the gingival margin for gingival

probe; and an incisal hole was made to reveal the

tip of the tooth so that electric pulp testing could

be carried out without removing the splint. The
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position of cervical hole was selected to avoid any

potential reflective interference of the signal from

the GBF. The splint stabilized the probes against

the buccal surfaces of the central incisors mini-

mizing movement artifacts and allowed correct

repositioning of the probes. 

Apparatus

For the measurement of PBF and GBF, a laser

Doppler flowmeter (Periflux 4001, Perimed Co.,

Stockholm, Sweden) was used. It projects a low

power laser light of 780 nm in wavelength and

maximum power output of 1 mW. For the mea-

surement of PBF, a dental probe (PF416,

Perimed Co., Stockholm, Sweden) of 1.6 mm in

diameter and 0.25 mm fiber separation was used

toward the labial surface of the crown. For the

measurement of GBF, a standard probe (PF408,

Perimed Co., Stockholm, Sweden) of 6.0 mm in

diameter and 0.25 mm fiber separation was used

toward the labial attached gingiva. For the elec-

tric pulp testing, a Digitest (Parkell Inc.,

Farmingdale NY, U.S.A.) was used toward the

incisal third of the facial surface of the crown.

The laser Doppler flowmetry was calibrated by

means of a Motility Standard (Perimed Co.,

Stockholm, Sweden) before use.

Administration of local anesthetics

Three different concentrations of epinephrine

were used: no epinephrine, 1:100,000, and

1:50,000 epinephrine. 2% plain lidocaine without

epinephrine (Kwang Myung Lidocaine, Kwang

Myung, Kyunggi-do, Korea) was used as a control

in one subject. 2% lidocaine with 1:50,000 epi-

nephrine (AstraPak, Astra USA Inc., Westb-

orough MA, U.S.A.) and 2% lidocaine with

1:100,000 epinephrine (Kwang Myung lidocaine,

Kwang Myung, Kyunggi-do, Korea) were used on

each subject. Buccal infiltrations were given with

a 27-gauge needle placed in the submucosa over

the estimated position of the root apex. After

aspiration test to avoid accidental intravascular

injection before anesthetic administration, 0.9 ml

of anesthetic solution, a half carpule, was admin-

istered over 30 sec period in each subject.

Pulpal and gingival blood flows measure-

ment and electric pulp testing

A data analysis program (PeriSoft, Perimed Co.,

Stockholm, Sweden) was used to collect and ana-

lyze the blood flow signal from the laser Doppler

flowmeter. Before experiment, each volunteer was

instructed to avoid chewing or moving the mand-

ible during the experiment to minimize movement

artifacts. Variables such as stress, external light

sources, body position and physiological status of

the cardiovascular system were controlled as

much as possible, as these could affect blood

flow10).

The splint and the two probes were placed and

connected to the laser Doppler flowmeter that was

connected to a computer. A stable laser Doppler

signal 10 min before injection was defined as the

baseline value, and the maximum deviation after

each administration was used as the experimental

value. EPT was also done three times at 1-minute

interval to determine an average baseline value.

Electrical contact was made with the teeth using

electric gel.

After giving the local anesthetics, PBF and GBF

were recorded simultaneously and continuously

for 70 min. Threshold values to the EPT were

recorded manually at 1, 5, 10, 15, 20, 25, 40, 55,

and 70 min. Pulpal numbness was considered

achieved when the subject gave no response to

the maximum output (64 machine units) of the

pulp tester. Pulpal numbness was achieved in the

all subjects.

Statistical analysis of the data

The recordings of blood flows were downloaded

to a personal computer and the mean percentage

of blood flow before and after injection were calcu-

lated compared to the baseline value at each time

intervals. All numerical data in the text and

tables are expressed as percentage change from

baseline value and mean  SEM. The paired vari-

ables of control and experimental data were com-

pared by paired t-test, Wilcoxon’s signed rank

test, Duncan’s multiple range test, and Fisher’s

exact test. Differences with p<0.05 were consid-

ered statistically significant.
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Ⅲ. RESULTS

Effect of epinephrine concentration on PBF and

GBF

Typical strip-chart recordings of PBF and GBF in

response to infiltrative injection of 2% lidocaine with

1:100,000 and 1:50,000 epinephrine are presented

in Figures. 1 and 2, and their flow changes are

expressed graphically in conjunction with the EPT

value in Figures 3 and 4. 

When recording baseline value of PBF and GBF

before injection of anesthetics, it was possible to

establish the pulsatile form of the blood flow reading

and obtain a mean value of the information displayed

on the screen. When 2% plain lidocaine was injected

without epinephrine as a control, PBF was 118.9±

2.17% and GBF was 99.66±4.95% of the baseline

value. The PBF showed a slight increase but GBF

change was not significant from the baseline values

(p>0.05).

After administration of 2% lidocaine with

1:100,000 epinephrine, PBF was decreased to 53.36

±2.39% and GBF was decreased to 18.47±4.88% of

the baseline value (Fig. 5). When 2% lidocaine with

1:50,000 epinephrine was administered, PBF was
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Fig. 1. Flow chart recording of the changes in pulpal

blood flow and gingival blood flow following injection of

2% lidocaine with 1:100,000 epinephrine. The arrows

show the time of the injection (Inj).

Fig. 2. Flow chart recording of the changes in pulpal

blood flow and gingival blood flow following injection of

2% lidocaine with 1:50,000 epinephrine. The arrows

show the time of the injection (Inj).

Fig. 3. Graph of the changes in pulpal blood flow

(PBF), gingival blood flow (GBF), and electric pulp

testing (EPT) values following an injection of 2%

lidocaine with 1:100,000 epinephrine.

Fig. 4. Graph of the changes in pulpal blood flow

(PBF), gingival blood flow (GBF), and electric pulp

testing (EPT) values following an injection of 2%

lidocaine with 1:50,000 epinephrine.



decreased to 43.14±4.76% and GBF was decreased

to 17.79±5.07% of the baseline value (Fig. 5).

These changes both in the PBF and GBF are signifi-

cant from the baseline values (p<0.05). GBF was sig-

nificantly more decreased than PBF in both epineph-

rine concentrations (p<0.05). PBF was lower with

2% lidocaine with 1:50,000 epinephrine than with

2% lidocaine with 1:100,000 epinephrine. However,

there was no significant difference in PBF and GBF

reduction between the two concentrations of epineph-

rine (p>0.05). 

When the blood flow was reduced after the injection

of the anesthetics, the amplitude of the pulsatile

trace recorded by laser Doppler flowmetry was small-

er than that of baseline values of pulp and gingival in

every tooth. Both the PBF and GBF showed rapid

decreases and gradual returns toward the baseline

value.

Effect of epinephrine concentration on the pul-

pal response to EPT

Anesthesia, as assessed by EPT, was achieved in

all subjects following infiltration anesthesia using 2%

lidocaine with either 1:50,000 epinephrine or

1:100,000 epinephrine. After administration of 2%

lidocaine with 1:50,000 or 1:100,000 epinephrine,

the threshold to EPT was increased in 1 to 5 min.

Pulpal anesthesia was obtained 8.50±1.67 min after

the administration of 2% lidocaine with 1:100,000

epinephrine, and 9.10±1.57 min after the injection

of 2% lidocaine with 1:50,000 epinephrine. There

was no significant difference in the onset of pulpal

anesthesia between the two concentrations of epi-

nephrine (p>0.05). In 70 min of observation period, 6

subjects out of 10 recovered their response to EPT in

1:100,000 epinephrine group, while 2 subjects out of

10 recovered their response in 1:50,000 epinephrine

group. More subjects appeared to be recovered their

response in 1:100,000 epinephrine group than in

1:50,000 epinephrine group without significance

(p>0.05)

Time to minimum level of PBF and GBF and to

complete loss of sensitivity to EPT after the injection

of 2% lidocaine with 1:100,000 and 1:50,000 epi-

nephrine are presented in Fig. 6. In 1:100,000 epi-

nephrine injection group, the time to the minimum

PBF was 4.02±0.56 min, time to the minimum GBF
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Fig. 5. Effects of 2% lidocaine with 1:100,000 and

1:50,000 epinephrine on pulpal and gingival blood

flows. Data are shown as percentage blood flows from

the baseline values, and Mean +/- SEM. n=10.

Infiltrative injection (0.9 ml) in the buccal mucosa

significantly reduced both pulpal and gingival blood

flows (p<0.05). Reduction of pulpal blood flow was in a

dose-dependent pattern (p<0.05).

Fig. 6. Effects of 2% lidocaine with 1:100,000 and 1:50,000

epinephrine on the induction time to the minimum level of

pulpal (PBF) and gingival blood flows (GBF), and time to

complete loss of sensitivity to electric pulp test (EPT) after

injection. Data are shown as time in min after injection, and

Mean +/- SEM. n=10. After buccal injection of 2%

lidocaine with 1:100,000 epinephrine, complete loss of

sensitivity to EPT was preceded by the maximum reduction

of PBF and followed by the maximum reduction of GBF.



was 10.33±2.10 min, while the time to the complete

loss of sensitivity to EPT was 8.50±1.67 min. The

minimum PBF was appeared first, followed by the

complete loss of sensitivity to EPT, then the mini-

mum GBF (p<0.05). In 1:50,000 epinephrine injec-

tion group, the time to the minimum PBF was 4.60±

0.92 min, time to the minimum GBF was 8.44±1.97

min, while the time to the complete loss of sensitivity

to EPT was 9.10±1.57 min. There was no significant

difference in the onset time (p>0.05). There was no

time difference between two epinephrine concentra-

tions both in PBF and GBF either (p>0.05). It was

possible to see the recovery of PBF and GBF before

the return of nervous sensation.

In three subjects with 1:50,000 epinephrine and

two subjects with 1:100,000 epinephrine, decreased

PBF after injection was recovered and increased

above the baseline level at about 40 to 60 min after

injection. An example of blood flow changes showing

this phenomenon is presented in Fig 7.

Ⅳ. DISCUSSION

Blood circulation transports nutrient as well as

waste product. Various research methods such as

hydrogen polarography, radioactive microsphere

method, intravital microscopy, 133Xenon washout

method, photo plethymographic approach, thermo-

couple approach, and isotope fraction method have

been used to examine PBF, but they are invasive and

have only been used in experimental animals11-15).

The development of laser Doppler flowmeter (LDF)

has provided a non-invasive method of continuous

monitoring changes in dental PBF. LDF was first

developed to assess blood flow in tissue systems such

as the skin, retina and renal cortex16). The technique

utilizes a beam of infrared light produced by a laser

that is directed into the tissue. As light enters the

tissue, it is scattered and absorbed by moving red

blood cells, and stationary tissue elements. Photons

that interact with moving red blood cells are scat-

tered and frequency shifted according to the Doppler

principal. Photons that interact with stationary ele-

ments are scattered, but not Doppler shifted. A por-

tion of the light is returned to a photo detector, and

an electrical signal is produced. The electrical signal

is then converted into a numerical value known as

perfusion units (PU), which is proportional to blood

flow, volume, and velocity. (The PU is related only to

the Perimed unit). It is calibrated by means of a

Motility Standard17).

The main disadvantage of laser Doppler flowmeter

is that it produces a relative, rather than an absolute

value of blood flow, so are not directly interpretable,

the percentage of baseline must be used. Because

raw values of blood flow depend on the angle of mea-

surement and the shape and size of the tooth in laser

Doppler technique, every calculation and comparison

were done using the percentage value of baseline in

the present study.

To have precise data from the LDF, it is important

to have a consistent and reproducible placement of

probe. A splint of rigid type design was essential

because movement of the splint and the supported

probes can induce recording artifacts. Gazelius

et al.18) used modified rubber dam clamps to fix the

probe, Olgart et al.19) fabricated an elastic silicone

impression putty as splint, and Ban et al.20) recom-

mended a splint made with indirect method. In the

present study, the stabilizing splint to hold probe
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Fig. 7. An example of changes in pulpal blood flow

(PBF), gingival blood flow (GBF), and electric pulp

testing (EPT) values following injection of 2% lidocaine

with 1:50,000 epinephrine. Note the decreased PBF

was recovered and increased above the baseline level at

about 45 min after injection.



was made indirect method using silicone putty, and 3

holes were drilled. The precise fit of the probes into

the drilled channels guaranteed their stability during

the recording sessions. This stability was of impor-

tance as the optical fibers are not centered at the

probe end; any axial rotation of the probe can pro-

duce errors during the recording sessions. Because

the beams probably sense only part of the pulp, the

positioning of the probes must be accurately con-

trolled21).

Although the stabilizing splint was used, other

variables, such as patient movement during deep

breathing and swallowing, are difficult to eliminate.

These artifacts, large spikes in reading were filtered.

There were several possible causes on the large vari-

ances in subject-to-subject readings. The first cause

should be the differences in pulpal and gingival circu-

lation; another is the thickness of enamel and

dentin, mineralization, and discoloration of teeth.

But compared with baseline values, this could be

overcome.

Buccal infiltration of 2% plain lidocaine solution

caused small amount of increase in pulpal and GBF,

rather than decrease, this is in agreement with the

findings of Pitt Ford and McDonald22). Small amount

of increase could be explained by two possible rea-

sons. The first is by anxiety of the subject, and sub-

sequent sympathetic activity raising cardiac output;

the other is the vasodilator effect of plain lidocaine.

However, it can be concluded that the reduction in

laser Doppler flowmeter signals after injection of lido-

caine with epinephrine, observed in every subjects

was due to its vasoconstrictive action.

In comparison with baseline values, after injection

of 2% lidocaine with 1:50,000 and 1:100,000 epi-

nephrine, marked and significant reduction of blood

flow in pulp and gingiva was observed. This has been

explained by the fact that the epinephrine acts on

the adrenergic receptors in the smooth muscle wall of

the arterioles, most likely in the alveolar bone close

to the site of injection, to reduce blood flow to the tis-

sues, which the arterioles supplied5). The reduced

blood flow delays the clearance of the epinephrine

which may prolongs its effect. The decrease in blood

flow, not only was the mean value reduced but so

was the amplitude of the wave form.

Higher concentration of epinephrine appeared to

induce longer period of anesthesia. Even though the

time taken to minimum blood flow level was not sta-

tistically different, more subjects recovered their

response to EPT in lower concentration of epineph-

rine group after anesthesia. This implies that even

though the penetration potential of epinephrine to

pulpal vessel may not be different between two con-

centrations of epinephrine, higher concentration of

epinephrine may prolong anesthetic effect.

In gingiva, the difference of epinephrine concentra-

tion did not show any significant difference in the

reduction of blood flow. The time to the minimum

level of GBF was not different between two concen-

trations of epinephrine either. Presumably, higher

concentration of epinephrine may have induced more

reduction of GBF. However, more magnitude of col-

lateral circulation of gingiva may have masked its

difference.

Ketabi et al.23) produced a dose response curve for

lidocaine with 1:80,000 epinephrine to establish the

standard volume to be injected. They chose 0.5 ml of

lidocaine with epinephrine as the standard dose to be

injected because it caused more than 30% reduction

in laser Doppler flowmeter signals at gingiva. In the

present study, since pulp as well as gingiva was

planned to record, somewhat more solution of anes-

thetics, that was 0.9 ml, was used in each subject,

which is the amount, which is usually administered

to obtain anesthesia for dental procedures. This more

amount of anesthetics may be another possible rea-

son of no difference between two epinephrine concen-

trations in GBF.

PBF rate was the highest of all oral tissues in an

animal study using radioisotope-labeled micros-

pheres7). In contrast, the data from the present study

on humans showed that the baseline GBF was

greater than the baseline PBF. This contradiction is

likely due to the enamel and dentin of the tooth,

which decreases the detection of the blood flow by

the laser Doppler flowmeter. The blood vessels of the

gingiva are in closer proximity to the surface tissue

and to the laser Doppler probe, which would then

give a higher perfusion unit reading.
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In three subjects with 1:50,000 epinephrine and

two subjects with 1:100,000 epinephrine, decreased

PBF after injection was recovered and increased

above the baseline level at about 40 to 60 min after

injection. This phenomenon may be explained by Pitt

Ford and McDonald22) who considered it as a pulpal

hyperemia following the return of blood flow.

Hyperemia is a normal response following vasocon-

striction, but does not appear to have been demon-

strated previously following dental local anesthesia in

man. This is an area for further investigation.

The maximum reduction in blood flow was approxi-

mately half of that reported by Kim et al.24) in an

animal study. There is possible explanation. Kim et

al.24) used 15 m microspheres as tracers, and these

were twice the diameter of erythrocytes, therefore

vasoconstriction may have had a more marked effect

on these spheres.

The exact manner by which local anesthetic drug

interrupts nerve conduction is much more clearly

understood than before and the action of local anes-

thetics may be explained, at least potentially within

the framework of the ionic theory of nervous activity

proposed by Hodgkin et al. in 195225). As a result of

better understanding of nerve conduction, several

theories have been postulated to explain the exact

mechanism of local anesthetics, such as membrane

expansion theory, specific receptor theory, neutral-

ization of transmembrane charge theory, and calcium

competition theory26).

A number of separate studies on microcirculation

and sensory nerve activity in the dental pulp have

shown their interrelationship, and several investiga-

tors stated that local microcirculatory changes may

have profound effects on sensory nerve functions in

the pulp7, 27-30). A severe reduction in PBF by the api-

cal injection of epinephrine resulted in concomitant

decreases in intradental sensory nerve activity27,31).

The fast-conducting A fibers lose their function

rapidly as a result of ischemia, to which the slow-

conducting C fibers are less sensitive32). This suggests

that C fibers may maintain their functional capacity

longer than A-delta fibers during inflammation, in

which PBF and therefore oxygen content are reduced

as a result of the low compliance system of the

pulp29,33). Therefore, it is probable that loss of sensi-

tivity to EPT was influenced by two factors. One is

anesthetic effect of 2% lidocaine itself, and the other

is reduced PBF, which causes inhibitory action on

excitability of A-delta fibers.

Dental procedures such as cavity preparations are

usually performed after administration of local anes-

thetics with vasoconstrictors and may cause inflam-

matory changes in the dental pulp. Clearance of pul-

pal toxins is related to the pulpal circulation, and the

reduction of PBF can result in excessive accumula-

tion of heat and inflammatory mediators, such as

prostaglandins and serotonin7). This accumulation

may lead to local inflammation and possible pulpal

necrosis. Inadequate oxygen supply to the pulpal tis-

sue with vasoconstriction is possible. This also may

lead to direct pulpal necrosis. Kim34) reported that

the ligamental injection using 2% lidocaine with

1:100,000 epinephrine caused a complete cessation

of flow in the microcirculation of the rat incisor tooth.

The injection with the same anesthetic also caused a

complete stop in the PBF in dogs for more than 20

min. In the present study, infiltration anesthesia

caused 47 to 57% reduction of PBF in both concen-

trations of epinephrine. Although the evidence that

the ligamental injection causes pulpal death is not

conclusive, it would like to recommend clinicians not

to use the ligamental injection for restorative proce-

dures on teeth with vital pulps. These considerations

indicate that attempts should be made to maintain

an optimum PBF during dental restorative proce-

dures.

There were several difficulties encountered during

the study in human. Because the duration of the

procedure was lengthy, it was hard for the volunteers

to keep the splint over 1 hour without any move-

ment. They needed patience to control their move-

ments of their heads and bodies that may be related

to sympathetic nerve activation. Difficulties were also

encountered when administering the local anesthetic.

Because the splint could not removed during proce-

dures to prevent changes in probe angle and position,

it was difficult to inject local anesthetic at the same

point in each subject.

In conclusion, 2% lidocaine with both 1:50,000 and

1:100,000 epinephrine significantly reduced PBF and

GBF. Higher concentration of epinephrine reduced
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more PBF than with lower concentration of epineph-

rine, and GBF was reduced more significantly than

PBF with the same concentration of epinephrine.

Further investigation is needed to understand how

the higher concentration of epinephrine can control

the surgical hemorrhage more effectively even though

the GBF appeared not significantly different. 

Ⅴ. CONCLUSION

Local anesthetics are used not only in conventional

endodontic treatment to control pain during pulp

extirpation but also in surgical endodontic treatment

to control hemorrhage. For the control of hemor-

rhage, relatively higher concentration of epinephrine

is used in surgical endodontics in conjunction with

local anesthetics while lower concentration of epi-

nephrine is used in nonsurgical endodontics. For the

use of epinephrine in local anesthetics, we need to

understand the effect of its concentration on the pul-

pal (PBF) and gingival blood flow (GBF), and their

relation to pulpal numbness. The purpose of the

study was to evaluate the influence of epinephrine

concentration on the PBF and GBF, and their rela-

tion to pulpal numbness induced by local anesthesia

by simultaneous recording of both blood flows and

pulpal response to electrical stimulus.

Maxillary left central incisors of ten volunteers aged

24 to 27 were used. For the stabilization of laser

Doppler flowmeter probes, stabilizing splints were

fabricated using vinyl polysiloxane impression putty

to minimize movement artifacts and to allow correct

repositioning of the probe. For the measurement of

PBF and GBF, a laser Doppler flowmeter (Periflux

4001, Perimed Co., Stockholm, Sweden) was used

with a dental probe toward the labial surface of the

crown and a standard probe toward the labial

attached gingiva. 2% plain lidocaine without epi-

nephrine was used as a control, and 2% lidocaine

with 1:50,000 epinephrine and 1:100,000 were used

on each subject. Buccal infiltrations were given with

a 27-gauge needle placed in the submucosa over the

estimated position of the root apex. After giving the

local anesthetics, PBF and GBF were recorded

simultaneously and continuously for 70 min.

Threshold values to the electric pulp testing (EPT)

were recorded manually. Pulpal numbness was con-

sidered achieved when the subject gave no response

to the maximum output (64 machine units) of the

pulp tester. The paired variables of control and

experimental data were analyzed using paired t-test,

Wilcoxon’s signed rank test, Duncan’s multiple

range test, and Fisher’s exact test. 

When 2% plain lidocaine was injected without epi-

nephrine as a control, PBF and GBF showed little

change. Administration of 2% lidocaine with both

concentrations of epinephrine induced significant

reduction of PBF and GBF (p<0.05) along with

decreased amplitude of the pulsatile trace recorded

by laser Doppler flowmeter. PBF was appeared to be

decreased more with 2% lidocaine with 1:50,000 epi-

nephrine than with 2% lidocaine with 1:100,000 epi-

nephrine. However, there was no significant differ-

ence in PBF and GBF reduction between the two

concentrations of epinephrine (p>0.05). GBF was sig-

nificantly more decreased than the PBF in both epi-

nephrine concentrations (p<0.05). There was no sig-

nificant difference in the onset of pulpal anesthesia

tested by EPT between the two concentrations of epi-

nephrine (p>0.05). Time to minimum level of PBF

was earlier than that of GBF (p<0.05) in both con-

centrations of epinephrine. However, there was no

time difference between two epinephrine concentra-

tions both in PBF and GBF (p>0.05). The minimum

PBF was appeared first followed by the complete loss

of sensitivity to EPT, then the minimum GBF in

1:100,000 epinephrine group (p<0.05). In the limited

time of observation period, 1:50,000 epinephrine

induced longer anesthetic effect than 1:100,000 epi-

nephrine without significance (p>0.05). 
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