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The concentration factor

in local anesthetic solutions

■ E. Cheraskin,M M.D., D.M.D., and C. Brunson, Jr., B.S.,t

Birmingham, Ala .

An increase in the concentration of a local
anesthetic drug or its accompanying vaso-
constrictor up to a certain level will influence
favorably the rate of onset, depth, spread, and
duration of anesthesia . A given dose of drug
is more e f f ective in a smaller total volume of
injected fluid .

In order to analyze the concentration
factor, it is necessary first to review the
conventional criteria used for the evalua-

tion of local anesthetic agents .

■ Criteria for Acceptable
Local Anesthesia

Despite the numerous articles which have
appeared in the literature regarding local
anesthesia, relatively little consideration
has been directed specifically to the prob-

lem of the concentration of the injected
solution .

This report will attempt to review
the available information on the subject
of the concentration factor . The criteria

for incorporation of material in this report
include: (1) the data must deal specifi-
cally with the concentration factor, (2)
the observations have been made on hu-
man subjects, and (3) the presented data

are quantitatable.

The two most important physiologic

ingredients of local anesthetic agents are :

(1) the local anesthetic solution itself, and

(2) the vasoconstrictor substance .

LOCAL ANESTHETIC SOLUTIONS-Sher-

man and co-workers,' as well as other in-
vestigative groups, have outlined the
criteria for an acceptable anesthetic solu-

tion. Eight specifications generally are
listed . First, a local anesthetic agent must

be as free as possible from toxicity. Sec-

ond, the agent must be relatively free of
properties which will irritate the tissues

into which it is to be injected . Third, the
material must possess a degree of stability

necessary for storage . Fourth, the effects

of an acceptable solution must be revers-
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ible so that physiologic sensation is re-
stored within a reasonable interval of time

after injection .
The remaining four criteria are of

greater interest to the practitioner be-

cause: (1) they determine the course in

clinical use, and (2) the clinician has
more direct control over them. The first
criterion, in this regard, is the induction

time. With all other factors constant, it is

highly desirable that anesthesia develop
quickly . The second criterion is the depth
of anesthesia. It is realized that desired
depth will vary with the type of patient

and nature of the operation . The third
criterion is that an acceptable anesthetic

solution must have a duration period that
is satisfactory . Here again, different pro-
cedures for different operators make satis-

factory duration different. The final cri-
terion is that the ideal solution must be

free of idiosyncratic effects .

VASOCONSTRICTOR AGENTS-Criteria

are also available for the ideal vasocon-
strictor solution 2 Consideration is usually

given to four items . First, the effect of the

vasoconstrictor substance on duration of
anesthesia; second, the vasoconstrictor
substance should serve to minimize the
toxicity of the local anesthetic solution ;

third, the potential hemostatic effect of a
vasoconstrictor substance is judged ; finally,

systemic effects customarily are consid-

ered .

n Analysis of Local
Anesthetic Agents

An attempt will be made in this sec-
tion to analyze the presently available
data regarding local anesthetic solutions

in terms of: (1) induction time, (2)

depth of anesthesia, (3) extent (spread)
of anesthetic effect, and (4) duration of

anesthesia .

INDUCTION Tnvln-Huldt3 performed
a series of experiments on 32 human sub-

jects . One of the factors which he con-
sidered was the speed of onset of anes-

thesia (induction time) . In all instances,

the solution was injected supraperiosteally

over the maxillary lateral incisor . Anes-

thesia was determined by the lack of
response to a maximal electrical stimulus

(Bjorn technic4) . Figure 1 shows the re-

sults of his studies . It can be observed that,
under conditions of constant volume (1

ml.) and constant vascoconstrictor (in

every instance 1-:40,000 epinephrine), the

induction time decreased with an increase
in the concentration of the local anesthetic

solution . A ten minute latency can be ob-

served with a 0 .5 per cent procaine hydro-

chloride solution and an almost 50 per
cent decrease in induction time when a 1
per cent procaine solution is injected . The

curve begins to level off as the concentra-
tion is increased beyond 2 per cent . It is
also interesting to note the shorter induc-
tion times with lidocaine (Xylocaine) as

compared with procaine .

Dobbs and co-workers5 compared 0 .5

and 0.75 per cent propoxycaine (Ravo-

caine) with 1 :30,000 levarterenol with

respect to induction time . The time from

the withdrawal of the needle until the
patient perceived numbness in the anes-
thetized region was regarded as the induc-

tion time. The conclusion was drawn that
the onset of anesthesia is much more rapid

with the 0 .75 per cent solution of pro-

poxycaine as compared with the 0 .5 per

cent agent .
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Fig. 1-Comparison of procaine hydrochloride and lidocaine hydrochloride in terms of latency or onset of
anesthesi a

DEPTH OF ANESTHESIA-HUldt, in the

series of experiments previously quoted,3

also analyzed the depth of anesthesia . This

was charted by recording the percentage

of persons who did not respond to elec-

trical stimulation .4 Figure 2 shows that

increase in procaine concentration is asso-

ciated with greater percentage of subjects

with no response to electrical excitation .

It appears, from this chart, that a limit is

reached at 2 per cent and further increase

in procaine concentration does not sig-

nificantly alter the findings . It is note-

worthy that concentrations of lidocaine, at

lower than procaine concentrations, vield

greater effectiveness (Fig . 2) .

Huldt3 also studied the effect of total
volume of solution on depth of anesthesia.

It can be observed (Fig. 3) that the same

amount of lidocaine (20 mg.) in decreas-

ing total volume of injected fluid yielded
greater anesthetic depth . This same rela-

tionship is underlined in other studies by
the same author demonstrating that 4 per

cent lidocaine (in I ml.) induced com-

plete anesthesia in three out of every four
subjects . In contrast, similar results were

obtained in only 60 per cent of the pa-
tients with the same amount of lidocaine

in greater volume (2 ml . 2 per cent) .

Dobbs and co-workers5 compared pro-

poxycaine 0 .5 and 0.75 per cent with
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Fig . 2-Comparison of procaine hydrochloride and lidocaine hydrochloride in terms of per cent incidence
(depth) of anesthesia

1 :30,0001evarterenol with respect to anes-
thetic depth. Anesthesia was graded as

follows : (1) grade A indicated absolute
freedom from pain during the operation,
(2) grade B represented pain experienced
during the operation but additional anes-
thetic solution was not needed, and (3)

grade C designated pain experienced that
required injection of more anesthetic solu-
tion. The conclusion was drawn that there
is a slight advantage in the 0 .75 per cent
propoxycaine solution .

EXTENT OF ANESTHESIA-The exten t

of local anesthesia is defined as the degree
to which adjacent teeth show loss of sen-

sation. In other words, the percentage of
individuals with anesthesia about the cen-
tral incisor and cuspid when local anes-

thetic solution is injected into the region
of the lateral incisor has been utilized as
an index of spread of the anesthetic effect .

Huldt3 investigated the spread of
anesthesia after the injection of the sub-
stance in the region of the maxillary

lateral incisor . Thirty-two subjects re-

ceived 1 ml . of anesthetic solution with

the same concentration of vasoconstrictor

agent . Figure 4 shows that spread in-
creases with increase in procaine con-

centration. Figure 4 also demonstrates the

greater spread after the use of lidocaine .
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Fig. 3-Comparison of per cent incidence (depth) of anesthesia versus concentration of lidocaine hydro-

chloride when drug dose is constant at 20 mg .

Twenty-five subjects were injected
with the same amount of vasoconstrictor-

free lidocaine (20 mg . ) .3 It was found

that anesthetic spread paralleled decrease
in total volume of injected solution . This

observation is consistent with conclusions
previously drawn with regard to decreas-
ing volume and anesthetic depth .

This same observation is, in part,

confirmed in another experiment .3 Figure

5 shows there is greater spread with 1 ml .
2 per cent than with 2 ml . 1 per cent

lidocaine .

DURATION OF ANESTHESIA-HUldt3

also studied the duration of local anes-
thesia after the supraperiosteal injection

of substances over the maxillary lateral

incisor . In one study of 32 subjects, the

volume of solution was kept constant at

1 ml . and the epinephrine concentration
was maintained at 1 :40,000. Figure 6

shows duration increases with increase in

concentration of local anesthetic agent .

Dobbs and c0-workers' compared
propoxycaine 0 .5 and 0 .75 per cent, both

with levarterenol 1 :30,000, with respect

to duration of anesthesia and working

time. The duration of anesthesia was the

time from needle withdrawal until the last
evidence of numbness vanished . Working

time was considered to be the interval
from withdrawal of the needle until pain
caused by instrumentation returned or
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until operation was terminated . It was
shown that the working time when 0.75
per cent propoxycaine was used was

longer than that for the 0 .5 per cent solu-
tion whereas there was only a small dif-
ference in the duration of anesthesia .

In a different series of 25 subjects3
injected with 20 mg . lidocaine in varying
amounts of solution, it was found that
there was little difference in duration after
the injection of 2 ml . 1 per cent as against
1 ml. 2 per cent lidocaine . However, anes-
thetic duration was increased when 0 .5

ml. 4 per cent solution was injected .
Finally, in another study,3 an attempt

was made to analyze duration against vol-
ume of solution . It can be observed (Fig .
7) that 1 ml. 2 per cent is more effective
than 2 ml. 1 per cent. However, these
relationships do not obtain with the higher

concentration solutions (that is, 1 ml . 4
per cent as against 2 ml . 2 per cent) .

■ Analysis of Vasoconstrictor Agents

An attempt will be made in this sec-
tion to analyze the presently available data
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regarding vasoconstrictor substances in
terms of:(1) induction time, (2) anes-
thetic depth, (3) extent (spread) of anes-

thesia, (4) anesthetic duration, and (5)
side-effects .

INDUCTION TIME-Kramer6 studied
the speed of onset of anesthesia under

conditions in which the concentration of
the local anesthetic solution remained the
same. Specifically, he compared 2 per cent
lidocaine 1 :50,000 epinephrine with lido-
caine 1 :100,000 epinephrine . He also in-
vestigated 1 .5 per cent metabutoxycaine
(Primacaine) with 1 :60,000 epinephrine
and with 1 :125,000 epinephrine . The
lack of response to the rotation of a bu r

7 •

_ •

2 ml . volumea

in the dentin was used as the index of
anesthetic efficiency. Figure 8 shows his

findings . It appears, in the case of lido-
caine, that greater amounts of epinephrine
produce faster induction . However, the
converse is shown with metabutoxycaine.

Costich"' studied the relative induc-

tion time of 2 per cent procaine and 2 per
cent procaine with 1 :50,000 epinephrine
in a series of patients in whom inferior
alveolar block anesthesia was utilized. He
observed more rapid induction with the

epinephrine-free anesthetic solution .

DEPTH OF ANESTHESIA-HUldt3 stud-

ied the depth of anesthesia in 37 subjects
after the supraperiosteal injection of a

/
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Fig . 7-Comparison of duration of anesthesia with I per cent, 2 per cent and 4 per cent lidocaine hydro-
chloride in varying volume
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constant amount of lidocaine with differ-

ent concentrations of epinephrine . Figure

9 shows the rapid increase in depth up to
a point after which the curve levels off.

Huldt3 injected supraperiosteally 1

ml. 2 per cent procairie without epi-

nephrine over the region of the maxillary
lateral incisor in ten test subjects . In no in-
stance was there an absence of response
to a maximum electrical stimulus .4 This
can be interpreted to mean that satisfac-

tory anesthetic depth was not obtained .

The solution, nevertheless, was not wholly
without effect on the sensitivity of the
teeth . A near maximum threshold value

was obtained in two out of the ten sub-
jects . The addition of epinephrine 1 :40,-

000 to the same procaine solution resulted
in a radical change in the activity of the
anesthetic, giving a 78 per cent incidence

of anesthesia .
Kramers compared the depth of anes-

thesia during the clinical use of 2 per cent

lidocaine with 1 :50,000 and with 1 : 100,-
000 epinephrine . He also analyzed the

relative effectiveness of 1 :60,000 and

1 : 125,000 epinephrine with 1 .5 per cent

metabutoxycaine . Depth was scored on a

three-point system. Grade A consisted of
complete elimination of pain . Grade B in-
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•

_ ~o._ •
1:5% metabu-
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Fig. 10-Comparison of depth and duration of anesthesia using inetabutoxycaine hydrochloride with epineph-

rine 1 :50,000 and 1 :100,000
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dicated pain but not sufficient to- warrant
reinjection . Finally, Grade C anesthesia
was regarded as the type requiring addi-
tional local anesthesia. It appeared to him
that depth was slightly greater when
stronger epinephrine solutions were added
to lidocaine. However, this relation was

not observed in the metabutoxycaine ex-
periments .

Harris and Worley8 compared 1 .5 per
cent metabutoxycaine 1 :50,000 epineph-
rine as against 1 :100,000 epinephrine .
Infiltration injections were made with 0 .5
cc . of the solution . The pain threshold was
recorded as the mean quantity of elec-

14 -

13/285

tricity used to elicit pain when applied to a
dental metallic occlusal (Class I) restora-
tion. It appears from Figure 10 that anes-

thetic depth is slightly greater with the
1 :50,000 epinephrine solution than with
the 1 : 100,000 solution. Figure 11 shows
the results of a similar study with 2 per
cent lidocaine and 1 :50,000 and 1 : 100,-
000 epinephrine . Once again, the more
concentrated epinephrine solution pro-
duces greater depth .

EXTENT OF ANESTHESIA-Huldt3 stud-

ied the spread of anesthesia under con-
ditions in which only the amount o f
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Fig. 1 I-Comparison of depth and duration of anesthesia using lidocaine hydrochloride with epinephrine
1 :50,000 and 1 :100,000
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epinephrine injected varied . It is clear
from Figure 12 that spread increases with

increase in epinephrine up to a point .

DURATION OF ANESTHESIA-Hllldti

investigated length of anesthetic effect by
maintaining a constant amount of lido-
caine and varying the epinephrine con-

centration . Figure 13 emphasizes the point

that duration increases with increase in
epinephrine concentration .

Huldt,3 using 1 ml . 2 per cent pro-
caine without epinephrine in supraperi-

osteal injections over maxillary lateral
incisors, failed to achieve anesthesia in

80 -

any of ten test subjects . The addition of

epinephrine 1 :40,000 to the 2 per cent
procaine solution resulted in an anesthesia

duration averaging 25 minutes . Put more

simply, this experiment suggests that add-
ing a vascoconstrictor substance to a local
anesthetic solution produces duration of

anesthesia .
Costich? studied duration of anes-

thesia in patients injected with 2 per cent
procaine and 2 per cent procaine with

1 : 50,000 epinephrine. He observed greater
duration in the patients who received

epinephrine .
Kramers investigated the duration o f
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anesthesia after maxillary and mandibular
injections with 1 .5 per cent metabutoxy-
caine and 1 :60,000 epinephrine and 1 :-
125,000 epinephrine. He also studied the

relative effect of 1 : 50,000 and 1 : 100,000
epinephrine with 2 per cent lidocaine .
The evidence suggests little, if any, dif-
ference due to the additional epinephrine .

Harris and Worley8 (Fig. 10, 11)

show only slight increase in duration with
1 :50,000 epinephrine plus lidocaine over
1 : 100,000 epinephrine and lidocaine . No
apparent difference can be observed in the
metabutoxycaine series .

SiDE EFFECTS-Costich7 analyzed the
side effects encountered after the injec-
tion of 2 per cent procaine as against 2

per cent procaine with 1 :50,000 epineph-

rine. He observed systemic reactions in

2.1 per cent of patients after epinephrine-
free injections and side reactions in 15 .3

per cent after the injection of procaine

with epinephrine . Tremors were observed

to be the most common side reaction .

Kramer,6 in comparing the incidence
of untoward reactions (fainting, tremor,
postoperative edema, nervousness, pain on
injection, and headache) during clinical

use of lidocaine 2 per cent with epineph-
rine 1 :50,000 and with 1 :100,000 and

metabutoxycaine 1 .5 per cent with epi-

nephrine 1 :60,000 and with 1 :125,000

found that the solutions containing the
more dilute concentrations of epinephrine
produced no untoward reactions when

40 -

..

20 -
duration

of
anesthesia
in minutes

10 '
I4 ml. 0 .25 % 2 ml. 0 .5% 1 m1. 1/ 0. 5 ml . 2%

lidocaine lidocaine lidocaine lidocaine
epitnephrine epinephrine epinephrine epinephrine

1 ;200,000 1 .100,000 1:50,000 1:25,000

Fig . 15-Comparison of duration of anesthesia with concentration of total drug dose of 10 mg . of lidocaine

hydrochloride and with 20 micrograms of epinephrine
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used in maxillary injections . There was

only a small percentage of side reactions
when the more concentrated solutions of
vasoconstrictors were employed in maxil-

lary infiltrations. In the case of lidocaine
used in mandibular blocks, there were
fewer untoward symptoms with the use
of epinephrine 1 :50,000 than there were

with the 1 : 100,000 solution . The converse

was true of metabutoxycaine used in man-
dibular blocks; the more concentrated
epinephrine solution produced a greater
percentage of reactions than did the less

concentrated solution .

■ Analysis of Combinations of
Anesthetics and Vasoconstrictors

Thus far, consideration has been
given to either the local anesthetic solu-

tion (with the vasoconstrictor substance
constant) or the vasoconstrictor agent
(with the local anesthetic substance con-
stant) . The evidence shows that each of
these two ingredients plays a role in the

onset, depth, spread, and duration of
anesthesia. However, there is evidence to
indicate that addition, antagonism, or
synergism may also play a role. Accord-
ingly, consideration will now be given to

the studies which deal with combinations
of local anesthetic and vasoconstrictor
agents and their effect on :(1) depth, (2)
extent, and (3) duration of anesthesia .

DEPTH OF ANESTHESIA-Htlldt3 in-

vestigated 37 subjects, each injected with
10 mg. lidocaine plus 20 micrograms
epinephrine . The variable which was be-
ing studied was the total volume of the

solution. Figure 14 shows that, as the
volume of the solution decreases, the anes-

thetic depth increases .
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EXTENT OF ANESTHESIA-Huldt3 also

analyzed the spread of anesthesia under

the conditions just outlined . He observed

that, with decrease in volume, there was

increase in spread of anesthetic effect .

DURATION OF ANESTHESIA-Huldt3

also investigated duration of anesthesia .
It can be seen (Fig. 15) that, as the total
volume of injected solution decreases, the

duration increases .

■ Summary and Conclusions

An attempt has been made in this
report to review the problems of concen-
trations of local anesthetic solutions and
vasoconstrictor substances . Only studies

dealing with human beings and those with
quantitatable data have been included.

The following conclusions are in order :

1 . The greater the concentration of
local anesthetic solution, the more rapid

the rate of the induction, the greater the
depth of anesthesia, the more extensive
the anesthetic spread, and the longer the
anesthesia lasts .

2. Induction time, depth, extent,
and duration of anesthesia are enhanced

the smaller the total volume of injected
solution for a given drug dose .

3. The greater the concentration of
vasoconstrictor agent, the more rapid the
rate of induction, the greater depth, spread,

and duration of anesthetic effect .

4. The evidence, though meager,

suggests more side effects when epineph-
rine is added to a local anesthetic solution .

Presented as part of the symposium, "Local Anesthesia," at
the Centennial Session, American Dental Association, New
York, September 16, 1959 .

*Professor and chairman, section on oral medicine, University
of Alabama School of Dentistry .

j'Trainee in epidemiology, National Institutes of Health,
University of Alabama School of Dentistry.
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