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There has been general aceeptance of the premisc that the tu-
berosity injection will anesthetize all the molar teeth, except for
the mesial buccal root of the first permnanent molar, which is
innervated by the middle superior alveolar nerve (20,21, 22 29},
Smith (26), for example, stated (without presenting statistical
substantiation) that the entire first permanent molar would be
anesthetized in only five per cent of the cases, because in these
few teeth the sole innervation is the posterior superior alveolar
nerve (p. 426). A consideration of the inconstancy of this middle
nerve supply, as described in the literature (4 5 8 16, 20, 23, 30, 32) jg
a cause to question the classic description of nerve supply.

Since clinical expericnce with nerve block technics had indi-
cated that not only the entire first permanent molar, but also
the primary molars might often be anesthetized by a single tuber-
osity injection, thereby saving time by eliminating multiple in-
filtrations, a series of such injections was made as outlined be-
low.

*) This investigation was supported in part by a U. S. Public Health
Service Special Research Fellowship Award DF8156 from the National In-
stitute of Dental Rescarch.

*%) Fulbright-Hays Visiting Professor, The Royal Dental College, Aarhus,
Denmark.
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MATERIAL AND METHODS
The selection of the method, children und teeth

The term anesthesia is cominonly used in the United Slales
to describe the analgesic effect which follows the deposition of
local anesthetic solutions about nerve fibers. The technic of in-
jeetion of the anesthetic solution here employed is known by
several names: the Posterior superior alveolar, the Zygomatic,
or the Tuberosity. The latter term most accurately reflects the
position of the needle and its relationship to the bony and soft
tissues. In children it is necessary to use a needle in a bent hub¥*)
to fix precisely the site of deposition of the anesthetic solulion.
Before being able lo secure such hubs, thirty-two preliminary in-
jections were accomplished with a 13 inch straight, tapering
needle, in order to aid in establishing the criteria by which the
success of the deposition of the anesthetic solutions could be
judged. These preliminary trials are not presented in the tabu-
lations because the tip of the straight needle could not be accu-
rately guided to the anatomic position desired.

The deposition of unesthetic solutions in the region of the
maxillary tuberosity was accomplished with 1% inch tapering
necedles which were bent at an approximale angle of 45° by the
special hub. The hub is screwed to the threaded tip of a metal
carpule syringe (See Fig. 3) commonly employed in dental prac-
tice.

The children in this study were from an area in Southern
California with a population of approximately 250,000. The sub-
jects chosen, over a period of several months, were those who
required local anesthesia for the treatment of pathological lesions
involving dental structures in the posterior quadrants of the
maxillary dental arch. All the children, about whom results are
reported, exhibiled a “normal” dento-facial complex. They did
not exhibit signs of any gross irregularities in their total devel-
opment. In other words, children requiring pre-operative seda-
tion or with such abnormalilies as a cleft palate, cerebral palsy,
or other serious incapacities were excluded. The eighty-five tu-
berosity injections reported include several instances of bilateral

#) The tapering needles and hubs were from the Mizzy, Inc., Clifton Forge,
Virginia.
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injections in the same individual. The dentitions were full pri-
mary or mixed primary and permanent.

To ascertain whether the extent of an injection of local anes-
thetic could be determined, lhe decayed molar, or the most me-
dial molar if several were involved, was opened with a water-
cooled 57 carbide bur (approximale diameter 1 mm) revolving
at maximum speed in a Midwest Company air-rotor contrangle
handpiece. Pain response was usually verbally expressed, but
autonomic reflexes such as the “heading” of perspiration upon
the upper lip, or bridge of the nose, were considered to be overt
signs of fright and possibly pain. If the subject felt no discom-
fort, no injection of local anesthetic was made. Extractions were
an indication for the deposition of anesthetic solution.

The tuberosity injection

The injections were made in accordance wilh the measure-
ments described by Jorgensen (17.18). The height of the maxilla
was measured by placing a Boley gauge at the gingival margin
of the 1st or 2nd primary molar and measuring “up” to the in-
fraorbital margin. To avoid injury to the eye, the Boley gauge
was placed on the skin just below the bony infraorbital margin.
The distance in millimeters was recorded (See Fig. 1).

The significance of this measuring technic lies in the fact that
the maxillary height at the tuberosity is approximately the same
as that in the infraorbital region. The majority of the posterior
superior alveolar nerves enter the foramina of the tuberosity ap-
proximately half-way between the gingival margin of the fully-
erupted molar teeth and the posterior border of the floor of the
orbit. Thus, if the anterior measurement of maxillary height is
halved (Fig. 2), the resulting number of millimeters represents
the distance from the posterior gingival margin to the foramina
for the transmission of the posterior alveolar nerves. Deposition
of the anesthetic solution at the area where the largest number
of nerve fibers are concentrated, plus spread of the solution along
the supra-periosteal surface of the maxilla account for the suc-
cess of the injection (11},

Afler the preparation for the injection was made by ascer-
taining the maxillary height, as just indicated, the recorded num-

19— Actu odont, scand. Vol, 23.
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Fig, 1. Measuring the maxillary height.

ber of millimeters was muarked by a picee of rubber band which
had been placed on the tapering needle prior to sterilization (See
Figs. 3—5).

The lechnic of the injection was to palpale digitally bolh the
tuberosily of the maxilla and the posterior surface of the zy-
gomatic process of the muaxilla, and leave the index finger on
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Fig. 2. Relation of primary molars, maxilla, infraorbital canal, and
infraorbital margin in a 6 year old.

the zygomatie process. The lip was retracted, and the tissues
prepared for the injection. The tip of the ncedle was inserted
in the fornix of the vestibule, just a littie distal to the midpoint
between the poslerior surface of the tuberosity and the posterior
surface of the zygomalic process of the maxilla. The needle was
stepped superiorly and distally, while injecling a few minims of
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Fig. 3. Position of the needle on the luberosily, primary dentition.

Fig. 4. Position of the needle on the tuberosity, as the first permanent

molar starts to crupt.
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Fig. 5. Position of the needle on the tuberosity, mixed dentition.

solution as the needle was advanced, until the rubber marker
lay at the same heighl as the gingival margin of the primary
molars. The bulk of the solution was deposited at the terminal
position of the needle tip. Aspiration was praecticed with all in-
jections. Approximalely 1 cc of Meprylcaine (Orocaine®) was
slowly deposiled in the arca of injection. No injection was re-
peated if it was nol immediately successful.

For the purpose of evaluating the results of the deposition of
anesthetic solution, two calegories were recorded: 1) anesthesia
of the tooth or teelh, and 2) incomplete, or no aneslhesia of the
tooth or teeth.

The mesio-buceal root of the first permanent molar may in
some inslances be anesthetlized by infillraling the solution in the
para-apical region of the mesio-buccal root. The principles are
those underlying infiltration anesthesia for any dental structure.
A 1l-inch tapering needle is ewmployed. Although this injection
was made to accomplish restorative work on some of the patients

*) Mizzy, Inc.
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in this series, such teeth are listed in lhe incomplele or no an-
esthesia column.

RESULTS
Tuberosity injections in cighty-five cases produced the follow-

ing results:

Table |

Permanent and Primary molars considered as one group

Teeth Ancsthesia

Observed " Complele Incomplete or no
Ist Permanent Molars 77 8
2nd Primary Molars 34 7
Ist Primary Molars 16 "

72 = 10.156

Because the above resulls possessed significance, lwo addi-
tional z* tesls were employed, the first considering the perma-
nent and 2nd primary molars as one group and the Ist primary
molars as another.

Table 2

Ist Permanenl and 2nd Primary molars considered as one group

Teeth Anesthesia

Observed Complete Incomplete or no

1st Permancenl and

2nd Primary Molars 111 15

Ist Primary Molars 16 9

g =892

The second test considered the permanent and primary niolars
as lwo separate groups.
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Table 3

15t Permanent motars and Primary molars considered as {wo groups

Teeth Anesthesia
Observed Complete Incomplete or no
1st Permanent Molars 77 8
Ist and 2ud Primary Molars 50 16

42 = 6.08

The Chi square values of Tables 1—3 indicale that the ob-
served difference in the anesthesia obtained in the three teeth
located successively anterior to the point of injection is signif-
icant. For Tables 1-—2 there is a 99 % probability that the dif-
ferences in anesthesia were nol due lo chance. For Table 3 the
probability was at least 98 %. However, to determine the effi-
ciency of the luberosity injection in terms of clinical practice,
two additional estimales were required. First, the fewest num-
ber of times the injection might be expected to succeed and
would this level of success be meaningful in dental practice?
Secondly, did the observed anesthesia equal or exceed the sta-
tistically derived estimate of sucecess? Table 4 presents the cal-
culated and the observed values.

Table 1
Percentayes of anesthesia resulting from {uberosity injections

Teeth Least Estimated Occurrence*) QObserved Occurrence
Ist Permanent Molar 79.5 % 92 <
2nd Primary Molar 63.1 % 83 %

1st Primary Molar 26.6 % G4 %

*) Lower level of 99 9% Binomial confidence levels (193,

Since the 99 % level embraces three standard deviations, the
least estimated occurrence of anesthesia is conservative (even
for this small sample), particularly when compared to the ob-
served aneslhesia.
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A summarization of the resulls reported in Tables 1. 4 may
be stated as follows: 1) lhe observed occurrence of local anes-
thesia in the first permanent and second and first primary mo-
lars is not due to chance and, 2) the percentage ol successful
results indicated that the tuberosity injeclion is the method of
choice for the first permanent molar, particularly when the sec-
ond and first primary molars require restoration. The time-con-
suming mesial-buccal infiltration is necessary in the minorily of
cases, although it is obvious that supplementary anesthesia will
often be required as the first primary molar is approached.

DISCUSSION

A review of the literature revealed that studies of the nerves
to the teeth have fallen into four general classifications: (1)
dried bones (8 30), (2) gross and microseopic disseclion of fetal
and adult specimens (2.4 9 14 16,20, 23,31) - (3) histologic sections
and serial sections with or without accompanying reconstruc-
tions (6. 7.10,13,15, 28) and (4) observations made from the anes-
thetization of ceitain regions (1.3 11.24.25), Many of the reporls
were parenthetical in nature, and more specific investigations
usually did not stale two criteria which may be of importance:
1) the age of the specimen, and 2) the condition of the dentition.
Nerve block technics have proved to be a method of obtaining
pertinent information in a much shorter period of time than is
possible by means of dissection or reconstruction.

From the review of the literalure one may state two general
observalions. First, there were several patterns of innervation of
the maxillary teeth. Secondly, even in the same individual, the
innervation in the right maxilla may differ from that in the left.
The patterns of innervation may bhe sununarized as follows:

a) The maxillary first permanent and second primary molars
may be innervated by the posterior superior alveolar nerve, while
the first primary molar is supplied by the middle and not in-
frequently the anterior, superior alveolar nerve. Such a distri-
bution of nerves seemingly predominated in the clinical trials
with local anesthetics and required that the tuberosity injection
be supplemented with infiltration anesthesia for the first pri-
mary molar.
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b) The maxillary first permanent molar may be innervated
by the posterior superior alveolar and middle superior alveolar
nerves, which latier nerve aiso serves the primary molars. Such
a paltern requires infiltration anesthesia for the mesio-buccal
root of the permanent molar, and for the primary molars.

¢) The maxillary first permanent molar may be innervated by
the posterior superior alveolar nerve, and the primary molars
by the middle superior alveolar nerves. In this case the primary
molars may be anesthetized by infiltration or infraorbital block
anesthesia.

d) The middle superior alveolar nerves may be absent. In such
a case it is necessary to block the posterior or the anlerior su-
perior alveolar nerves.

The posterior and middle superior alveolar nerves may leave
the pareni trunk at almost the same location. Indeed, the an-
terior superior alveolar nerve may branch from the posterior ex-
tremity of the infraorbital nerve, and it usually leaves the trunk
posterior to the midpoint, and is apparently constant in its dis-
tribution to the canine and incisors (16), not infrequently sup-
plying the first primary molars (13). There have been several
reports of the absence of the middle superior alveolar nerves,
the function of these nerves being served by the posterior or an-
terior superior alveolar nerves (4 5. 8 16,20, 23, 30),

To determine the extent of anesthesia it was necessary to
choose a stimulus which was adapted to the physiologic and
psychologie responses evoked by dental procedures. The choice
of the air-driven carbide bur was based on the criteria of Hardy,
Wolff & Goodell (12). Although the chosen stimulus did not meet
all the enumerated requirements, it routinely produces the nox-
ious stimulus for which practitioners administer local anesthet-
ics, and under the conditions of the present study it is as valid
as the more precisely graduated pulp-tester.

It there was evidence of pain a tuberosity injection was given,
and the bur reapplied. Anesthesia was determined by Lhe re-
sponse of the patient. The results were tabulated and subjected
to a Chi Square test. The test did reveal a statistically significant
result. Under the conditions of the present study, the possibility
of anesthetizing the molar teeth was greater than is generally
accepted by authorities who stated their results after observing
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the deposilion of ancsthetie solutions on the maxillary tuberosity.
This becomes of importance in clinical practice because it is often
impossible to anesthetize the first permanent molar by infiltra-
tion anesthesia. An examination of Fig. 5 will show that the
tirst permanent molar lies directly under the buttress of the zy-
gomatic process of the maxilla, often called the key ridge. The
thickness of bone in this area precludes successful infiltration
anesthesia. In later life, the molar may be anterior to this ridge
(marked with the black pointing to the molars). Indeed, as
Jorgensen (18) demonstrated, examination of the maxillae of
children and adults will reveal that the former may have a much
thicker external plate of eortical hone. In children this thickness
of bone may almost obscure the outlines of the roots of the teeth,
whereas il is not uncommeon to see the roots well outlined in the
adult, and often the apices are revealed through perforations in
the bone.

Although Goldberg & Sadove (1) reported that the placemenl
of the needle was of secondary importance to the spread of the
solution, the results of the present study lead to the observation
that the reasons that most operators failed in obtaining success-
ful anesthesia of the first permanent molar by means of the tu-
berosity injection may be two. First, they did not measure the
maxillary height to obtain the proper depth of inserlion of the
needle. Secondly, as pointed out by Smith (26) they did not cin-
ploy a needle in a curved hub. Withoul such an adaptation it
was difficult to pass the needle to the foramina on the curved
tuberosity. If the needle was not precisely placed, a soft tissue
infiltration anesthetic was the probable result. Because profound
and lasting anesthesia of soft tissue structures may cause ap-
prehension in children, with a possible chewing of the oral mu-
cous membrane, it is best adminislered in conjunction with pre-
medication. The advantage of a precisely placed tuberosity in-
jection is that there is not muarked soft tissue anesthesia, partic-
ularly in the outer corners of the lips, which children find
annoying in the case of a second division or an infraorbital
nerve block.

MeDaniel (2¢) and others (23) have pointed out that the nerve
supply to the first premolar may be from the anlerior superior
nerve, while thal to the first permanent molar and second pre-



INNERVATION OF MAXILLARY MOLARS 159

molar may be from the posterior superior alveolar nerve. The
present investigation supports such a contention for the primary
dentition. An examination of the data presented in the tabula-
lion of the results of the present study indicates that the num-
ber of anesthetized first primary molars is considerably less than
for the 2nd primary and first permanent molars.

CONCLUSIONS

1. The bony substrate supporting the maxillary molars in the
mixed and young permanent dentition often prevents successful
infiltration anesthesia of these teeth.

2. The distribution of the superior alveolar nerves to these
teeth follows a pattern which may vary among individuals, and
bilaterally in a single person.

3. A precisely placed tuberosity injection, using a curved
needle in a bent hub, has produced anesthesia of the first per-
manent and second primary molar with such frequency that it
may be suggested as the method of choice when these teeth are
to be restored. The first primary molar, in such cases is usually
partially and not infrequently totally anesthetized.

SUMMARY

The nerve supply to the teeth of living children was investi-
gated by means of nerve block technics. The maxillary first per-
manent and primary molars were opened with a dental bur under
controlled conditions. If the patient expressed pain, the injec-
tion was given by means of a precise, reproducible technic of de-
positing anesthetic solution on the maxillary tuberosity, Eighty-
five such injections were made and the number of teeth anes-
thetized was recorded, and evaluated by the Chi Square test. No
injections were repeated. Some subjects received bilateral tuber-
osity injections, and it was noted that the innervation of the teeth
in the two maxillae might be similur, or dissimilar.
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RESUME

INNERVATION DE LA PREMIERE MOLAIRE SUPERIEURE PERMANENTE
ET DES MOLAIRES SUPERIEURES TEMPORAIRES, D’APRES LES INDI-
CATIONS OBTENUES PAR DEPOT DE SOLUTIONS I’ ANESTHESIQUFE,
LOCAL: RAPPORT PRELIMINAIRE

L'innervation des dents d’enfanls vivanis a ¢i¢ ¢ludiée en pro-
cédant & des anesthésies lronculaires. La premicre molaire supé-
rieure permanente et les molaires supérieures temporaires ont
¢té ouverles 4 P’aide d’une fraise dentaire dans des conditions
déterminées. Lorsque le palient se plaignait de ressentir une dou-
leur, une injection lui était faite, la solulion anesthésique étant
déposée au nivean de la tubérosité du maxillaire supérieur sui-
vant une technique prcécise et susceptible d’étre reproduite.
Quatre-vingt-cing injections ont ainsi ¢été effectudes, el le nom-
bre de dents anesthésices a ¢l¢ enregistré et évalué par le test
du 72 Aucune injection n’a ¢été répétée. Chez quelques sujets, des
injections bilatérales au niveau des lubérosités ont ¢té faites, et
Pinnervation des dents des deux maxillaires supérieurs s’est ré-
vélée pouvoir ¢étre semblable ou dissemblable.

ZUSAMMENFASSUNG

FESTSTELLUNG DER INNERVATION DER ERSTEN OBEREN BLEIBENDEN
MOLAREN UND DER MILCHMOLAREN DURCH DEPONIERUNG VON
LOKALANASTHETIKA. VORLAUFIGE MITTEILUNG.

Die Nervenversorgung der Zihne lebendiger Kinder wurde ver-
mittels Nervenblockierungen untersucht. Die ersten bleibenden
Molaren und die ersten Milchmolaren wurden mit Bohrer unter
kontrollierten Bedingungen gedffnet. Falls der Patient Schinerz
fithite, wurde die Injektion vermittels eines genau reproduzier-
baren Verfahrens auf dem Tuber maxillae gegeben. Filnfundacht-
zig solche Injektionen wurden gegeben, und die Zahl der anésthe-
sierten Zahne wurde vermerkt und laut dem ”Chi Square test”
geschitzt. Keine Injektionen wurden wiederholt. Einigen Kindern
wurden bilaterale Tuberinjeklionen gegeben, und es wurde be-
obachtet, dass die Innervation der Zihne der beiden Seiten gleich
oder verschieden sein konnte.
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