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SUMMARY: The mandibular foramen constitutes an anatomical repair to anesthetics and surgical procedures.
Its localization is surrounded by difficulties and a source of disagreement. The goal of this investigation was to
identify the MF location in human mandibles presenting variable number of teeth and in edentulous ones. And
from the data given by the literature, short anesthetic needles were analyzed as to their suitability to block the
inferior alveolar nerve by the pterygomandibular technique. The medial faces of 91 mandibular ramus were
photographed. The exemplars presented different number of teeth, from none to 16. Measurements on the
digital images were taken. The results revealed great variety on the position of mandibular foramen. They have
been localized posterior and inferiorly to the middle point of the ramous on the majority of the exemplars,
presenting no relation with the amount of teeth. In 95% of the sample, the reported length of short anesthetic
needles seemed to be appropriated to the blockage of inferior alveolar nerve through pterygomandibular
technique.
Key words: Mandibular foramen; Pterygomandibular technique; Sagittal splitting of mandible.
RESUMEN: El foramen mandibular constituye um punto de reparo anatómico para procedimientos anestésicos y
quirúrgicos. Su localización está rodeado de dificultades y divergencias. El objetivo de esta investigación fue
identificar la posición del foramen en mandíbulas humanos edentadas totales, parciales y dentados. Además, a
partir de datos de la literatura, investigar si la dimensión descrita de las agujas cortas son apropiadas para la
ejecución de la técnica anestésica pterigomandibular. Fue fotografiada la cara medial de la rama de 91
mandíbulas con un número de dientes entre cero y dieciséis. Las mediciones fueron realizadas en las imágenes
digitales. Los resultados revelaron gran variación en la posición del foramen mandibular, siendo éste localizado,
en la mayoría de los ejemplares, posterior e inferiormente al punto medio de la rama mandibular, sin haberse
determinado relación de posición con la cantidad de dientes. En el 95% de la muestra, la longitud de las agujas
anestésicas cortas se mostró adecuada para el bloqueo del nervio alveolar inferior por la técnica pterigomandibular.
PALABRAS CLAVE: Foramen mandibular; técnica pterigomandibular; División sagital de la mandíbula.
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The most frequent technique failure in anesthesia of the inferior alveolar lies in the inappropriate setting of the
needle, due to the inaccurate location of anatomic repairs (Hetson et al., 1988), among which the mandibular
foramen (MF). The risk of undesirable mandibular fractures might decrease when the MF is taken as anatomic
repairs in osteotomies performed for orthognathic purposes (Quevedo Rojas, 2004).
Descriptions of MF location are generalized (Sicher & Dubrul, 1991; Marzola, 1992; Lima, 1996) and,
sometimes, researchers do not come to an agreement as to its position in the anteroposterior direction (KerosNaglic et al., 1997) and as to the occlusal plane (Minarelli & Ramalho, 1989; Afsar et al., 1998). There are
variations arisen from craniofacial growth (Osaka, 1989; Minarelli & Ramalho, 1989, 1991) and also from
anatomic variations (Nicholson, 1985; Kaffe et al., 1994). A few studies have demonstrated that MF maintains
its location after squeleton maturation, even if the mandibular ramous (MR) suffers morphological alteration
associated with tooth losses (Carvalho et al., 2003; Afsar et al.).
The goal of this investigation was to identify the MF location in relation to the limits of mandibular ramous and
to the quadrant of the ramous, taking horizontal and vertical directions. Also, from the data given by the
literature, short anesthetic needles were analyzed as to their suitability to block the inferior alveolar nerve by
the pterygomandibular technique.

MATERIAL AND METHOD
th

The research was approved by the Committee of Ethics of UFMS (protocol n 713; April 4 , 2006). Ninety-nine
human mandibles from the bone collection of Federal University of Mato Grosso do Sul Anatomy Laboratory
have been analyzed. They were divided into three groups, according to the number of teeth: Group 1, with 17
edentulous mandibles; Group 2, with 34 mandibles ranging from 1 to 10 teeth, and Group 3, with 40 mandibles
ranging from 11 to 16 teeth.
The medial face of both sides of MR was photographed with a digital camera (Sony Cybershot DSC-S60 4.1Mp),
placed perpendicularly at a distance of 15 cm from the ramous surface. A millimeter ruler was included in the
image to maintain the proportion when using program Image Tol ®. The following distances were measured: 1)
the smallest distance between the anterior border (Ab) and the anterior limit of MF (Ab-MF distance); 2) the
smallest distance between the posterior limit of MF and the posterior border (distance MF-Pb); 3) the smallest
distance between the inferior limit of MF and the mandibular base (MB) (MF-MB distance); 4) the smallest
distance between the lowest point of the mandibular incisure (MI) and the inferior limit of MF (MI-MF distance);
5) the smallest distance between Ab and Pb passing by MF (Ba-Bp distance) and 6) the gonial angle (Go),
determined between a line that followed the tangent passing by two points of greater convexity of Pb and
another line that followed the tangent passing by two points of greater convexity of MB (Fig. 1). In order to
calculate the distance between MB and the residual alveolar ridge at mentum symphysis level (distance S) in
edentulous mandibles, the photograph was taken frontally.

Data were statistically analyzed using program BioEstat® 4.0. The standard deviation and the average of each
distance have been calculated. The correlation between the angle Go and other distances was analyzed by the
Pearson linear correlation test. In this test, the coefficient R might vary from -1 to +1; and the closer to these
values, the stronger the association of the variables. Positive scores indicate a directly proportional correlation;
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negative scores demonstrate an inversely proportional correlation; and zero indicates no correlation. The level of
significance adopted was 95%, or p 0.05.
The quadrant where MF was located, horizontally, was obtained by identifying the distance between the Ab of
MR and the mean point of the MF opening hole, calculated by subtracting, from Ab-Pb, the sum of the distances
Ab-MF and MF-Pb. The result yields the width of MF. This distance was divided into halves to determine the
mean point of the MF opening hole, and added to distance Ab-MF. It was then calculated, in percentage, how
much the distance between Ab and the mean point of MF represented in relation to the total distance (Ab-Pb).
This value indicated in which quadrant MF was in an anteroposterior location (Fig. 2). Values from 0 to 25%
comprised the first quadrant; from 26% to 50%, the second; from 51% to 75%, the third; and from 76% to
100%, the forth. In vertical direction, the quadrant on which MF was located was identified by calculating how
much MI-MF represented, in percentage, of the addition of MI-MF and MF-MB distances (Fig. 2).

Fig. 2. Scheme of the mandibular ramous division in quadrants.
To analyze whether a short anesthetic needle would have a proper dimension to accomplish the
pterygomandibular technique to block the inferior alveolar nerve, a comparison was made between the distance
from Ab and the mean point of MF, the ideal point to infiltrate the anesthetic solution, with the length of the
short anesthetic needles available in the market, described by Monteiro et al. (1999).

RESULTS
The mean distance for each measurement of both sides of the mandible, the standard deviation and the
variations of the three groups are summarized in Tables I, II and III. Correlation coefficients of mandible angle
for each measurement of both sides of the three groups are shown in Tables IV, V and VI. The distribution of
the sample was shown to be normal, confirmed by the variation test coefficient calculated for each group. The
quadrant on which MF was located, the average of the distance between Ab and the middle point of MF in the
three groups, and the length of short and long anesthetic needles are presented in Tables VII, VIII and IX. A
summary of the average of measurements is presented in Table X.
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DISCUSSION
The localization of MF presented great variation, but there was no significant variation between the right and left
sides, as previously described (Hayward et al., 1977; Urbina et al., 1984; Nicholson; Minarelli & Ramalho, 1991;
Christopher et al., 1993). Mendoza et al. (2004) have found significant difference for the measurements of MIMF and MF-Pb on different sides.
Some anesthetic protocols proclaim the utilization of long needles in pterygomandibular technique of inferior
alveolar nerve blockage (Jorgensen & Hayde, 1967; Marzola). Long needles are, on average, 33mm long; short
needles, 21.5mm (Monteiro et al.). The use of long needles in patients with small mandibles might induce a
technical failure: there is a risk of perforating the parotid gland capsule, where the infiltration of the anesthetic
solution may lead to the blockage of facial nerve ramous, provoking the temporal palsy of some mimic group
muscles (Lima). On the other hand, the use of short needles in big-sized mandibles might lead to needle
fracture when totally introduced in mouth tissues (Monteiro et al.; Lima).
Although it was impossible to establish absolute values to describe the position of MF, its most frequent location
was in the third quadrant in both anteroposterior and superoinferior directions, in accordance with previously
described results (Hayward et al.; Hetson et al.; Minarelli & Ramalho, 1989; Hwang et al., 1990; Minarelli &
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Ramalho, 1991; Oguz & Bozkir, 2002) but different from others (Keros-Naglic et al.; Oguz & Bozkir). There was
no relation between the position of the MF and the quantity of teeth or the height of the mandible body at
middle line level. The distance between Ab and the mean point of MF, the ideal place for the anesthetic solution
to be infiltrated, was, on average, 16.2 mm (calculated from the averages shown in Table VIII); only four
exemplars showed a distance bigger than 21.5 mm. The maximum value found was 25.5 mm and the minimum
10.3 mm. The results allow affirming that, in more than 95% of the exemplars, the blockage of the alveolar
inferior nerve would probably be accomplished with the use of short needles following the pterygomandibular
technique.
In some anesthetic techniques, molar occlusal plane helps to locate MF. Marzola observed that the introduction
of the needle should be 1cm above the molar occlusal plane. This maneuver is justified when the results of
Hwang et al. are considered, in which MF was found even 4.2 mm above the occlusal plane, in adults. But not
justified when confronted with the results presented by Nicholson, who found MF below the occlusal plane in
75% of the exemplars and 22% at the same level, similar to the findings of Afsar et al. In children, Marzola
suggested that the syringe-needle set should be inclined in such a way to establish an angle of approximately 5,
in anteroposterior direction with the occlusal plane of molars. This is compliant with the results obtained by
Osaka; Minarelli & Ramalho (1991), Hwang et al., who found MF, on average, 4.1mm below the occlusal plane
in three-year-old children, moving towards this plane as age increased, reaching this level at the age of nine
(Hwang et al.). The displacement of MF towards the occlusal plane is due to child growth and development,
which implies a decrease of Go angle, and also to the presence of permanent teeth of inferior arch. These teeth
presence change the orientation of occlusal plane that has a tendency to diminish its inclination in relation to MB
(Minarelli & Ramalho, 1989). In the present study, the absence of this reference in most of the exemplars
restrained the measurement of the distance between MF and the occlusal plane.
The average of Go angle was 125.6, with a standard deviation between 6.2 and 9.2; different from that
described by Nicholson: 115.4, with a standard deviation of ±11.0. The finding of Oguz & Bozkir was an average
of 120.2, with a standard deviation of ± 4.7. The high value of the standard deviation has demonstrated the
great anatomic variation from an individual to another. It is worthwhile observing that the Go angle is related to
the anteroposterior width of MR and to the distance between MF and MB in an inversely proportional relation,
with negative scores and
nearer to -1. This means that, in individuals with a wide Go angle, it is likely to accomplish inferior alveolar
nerve blockage with a puncture lower than the conventional one with short needles. In individuals with a smaller
Go angle, it is likely to accomplish inferior alveolar nerve blockage with a puncture higher than the conventional
one, with lower probability of success with short needles.
To perform a saggital osteotomy on mandibles, a procedure for orthognathic purpose, a previous location of MF
is necessary. The section is performed horizontally on the medial face of MR, located superior and posterior to
MF, followed by a vertical descendent section that crosses Ab until MB, at the height of the last molar, being
concluded with the fracture in order to split the fragments (Quevedo Rojas). Urbina et al. proclaim that the
horizontal section should be performed 1cm far from MI; whereas, according to Quevedo Rojas, this distance
should be 0.5cm. The average distance MI-MF found by this study points to greater safety with the technique
defended by Quevedo Rojas, as the distance from MI would decrease the risk of fracture reaching the condylar
process (Daw et al., 1999). The extension of the osteotomy to the posterior side should be limited to the
posterior wall of MF. According to the findings of this study, the mean distance between this point and Ab is 24.8
mm, different from the results found by Daw et al., in which that distance was 22.1 mm. These differences point
to the need of individual evaluation; the average measurements serving just as initial parameters.
Despite the great variation of MF position, its most frequent location, in the mean third of MR both in
anteroposterior and superoinferior directions, and the inversely proportional relation of the Go angle with the
width and height of MR could be considered as preliminary orientation to plan clinical and surgical procedures in
the pterygomandibular region.
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