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SUMMARY: The mandibular foramen and its lingula is a major landmark when administering anesthetic or performing surgical
procedures. The objective of this study was to determine whether the topological features of the mandibular foramen rfiglHgand li
varied in mandibles from skulls of different cephalic indexes. The location of the mandibular foramen referred to thenkditgitdeis
of the mandibular ramus (MR), height of the foramen (Hf) referred to the occlusal line of the second molar, and thehresligigudd t
(HI) were determined in a total of one hundred and five dry mandibles from skulls identified as dolicho- meso- and brach@eephal
average MF in brachycephalic mandibles was closest to the anterior border of MR. Hf in brachy-, meso- and dolichocephk mandi
were -0.22 mm, -4.04 mm and -4,01mm, respectively. The lingula in brachycephalic specimens was considerably shorteri{@r78 mm) t
in dolichocephalic ones (1.84 mm). Inferior alveolar nerve block should be carried out using shorter needles, insertatgoivd it
occlusion level of the molar teeth. The ramus of brachicephalic mandibles were significantly less wide those of dolicsocaptatie
ones. If the height of the lingula is to be used as a reference to judge the level of the medial horizontal cut to cfitgl spliseamus
osteotomy, special attention should be given to the patient’s cephalic index.
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INTRODUCTION

Mandibular foramen and lingula of the mandiblelies in close proximity to the anterior margin of the
are important anatomic landmarks described in textbooksandibular foramen (Monazet al.; Jansisyanoret al;
and scientific papers as reference for surgical anldim et al, 1997). Lingula has been an important
anesthetic procedures (Monaerial, 2012; Carvalhet landmark to perform the sagittal split ramus osteotomy
al., 2003). Those anatomic structures are of clinica]SSRO), the most widely used surgical technique for
significance for the maxillofacial surgeon because of thegorrection of mandible positioning. On SSRO, the hori-
relation to the inferior alveolar nerve (Jansisyamdat., zontal cut on the medial aspect of the mandible is done
2009; Kositbowornchait al, 2007; Tuliet al, 2000; Cillo  just above to the lingual (Cillo & Stella; Taghal, 1997).
& Stella, 2005; Balcioglet al, 2010).
However, it is important to note that the level at
Studies on the location of the mandibular foramenvhich the lingula is found varies among individuals
(MF) provide the practitioner with improved awareness oéind can even differ from side to side in a same person.
MF location, thus, lowering the risk of having the inferiorSuch variation implies a certain risk of injuring the
alveolar nerve injured, as well as improving the efficacy ofnferior alveolar nerve (Jansisyanort al.;
inferior alveolar nerve block (Nicholson, 1985; Datal., Kositbowornchaiet al; Fernandest al, 2009).
1999; Valenteet al, 2012; da Fontouret al, 2002). Furthermore, few are the studies focusing more
carefully on the anatomic structures related to the area
The lingula of the mndible is a tongue-shapedwhere SSRO of the mandibular ramus is performed
bone projection on the medial aspect of the ramus, whi¢Balciogluet al).
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Craniofacial measurements is a scientific study thatositioned as referred to the image on focus. The angles
aims to better understand the complex anatomical standardebfained on this photographic composition are similar to that
head and face (Golalipoet al, 2007; Shah & Jadhav, 2004).observed when the mouth is open.

Measurements taken on many cephalic aspects have been linked

to the cephalic index as a means of characterizing repetitive ~ Reference points I, B, Aand P were firstly determined

patterns of anatomical occurrences. Viewed as the mamt the images taken using computer software. Points | and

important dimensional relation of cephalic measurements tBewere established by tangency with a horizontal straight

cephalic index — the ratio of the maximum width of the head tme, whereas tangency with a vertical one defined points A

its maximum length, multiplied by 100 — classifies the shapend P (Fig. 1)

of the human head into dolichocephalic, mesocephlic

brachicephlic and hyperbrachycephalic, ranging from thilorphometric analysis. All measurements were performed

longest to the shortest (Williamasal, 1995; Iwaket al, 2011). directly on each hemi-mandible having as additional guide
the respective, prior graphical predeterminations of the study

The aim of the current study was to topographicallyopological references. All the measurements were carried out
determine the anatomical location of the mandibular forameém millimeters by the same investigator using a digital caliper
and respective lingula in dry human mandibles and to establig¥iitutoyo — Mycal Absolute — 500 series — 500-144 B).
whether it bears a relationship with cephalic index of the res-
pective crania. The vertical distances from F, F-I and F-B, and the

horizontal ones, F-A and F-P, were determined and used to
establish the height and width of the mandibular ramus by
MATERIAL AND METHOD adding F-I to F-B, and F-Ato F-P.

The height of the lingula (HI) was defined as the
This study received the approval of the institutionadlistance between its tip point (T) and the point where the upper
ethics committee of the Fundacdo Bahiana pamaargin of the lingula merges into the continuous medial aspect
Desenvolvimento das Ciéncias, Bahia,Brazil (CAAE Nof the ramus (Z), according to (Fernandeal).
17099213.5.0000.5544) and was performed on 105 cadaveric
dentate dry hemi-mandibles, from both male and female adult ~ Another topological association studied was that
South American humans obtained from the Bahia Stabetween the level of the occlusal surface of the second molar
University, Sdo Paulo Federal University and Bahiana Schoahd the level of point F referred to as height of point F (Hf).
of Medicine and Public Health. Before taking Hf directly on study specimens, the
predetermination of reference points were performed on the
The hemi-mandibles studied were from dolichocephalidigital picture of each hemi-mandible. Using computer soft-
(n= 35), brachycephalic (n= 35) and mesocephalic (n= 38jare a vertical line through point F was drawn. Intersecting
heads, all free from macroscopic abnormalities and having,this line, a second one running just above the occlusion surface
least, a steady, well-formed, not-decayed and orthodonticatly the second molar was drawn. The intersection of these 2
well-positioned second molar. lines determined point M and the distance between points M
and F was defined as Hf, which was recorded as positive if M
Anatomic Landmarks. In this study, the mandibular foramenlied below F, and negative otherwise excepting M and F at the
and lingula were characterized by point F, the lowest point eéame level, in which case Hf was zero (Aij.
the margin of the foramen, and point T, the tip of the lingula.
Statistical Analysis Distances were grouped according to the
The bone landmarks used to describe the topologiceéphalic indexes and analyzed for differences using parametric
situation of the mandibular foramen were: the lowest point @ne-way analysis of variance (ANOVA).
the mandibular incisure (1); the higher point of the inferior margin
of the mandibular ramus (B); the most posterior point on the Confirmation of differences was carried out using
anterior margin of the mandibular ramus (A); the most anteridiukey’s honestly significant differences (THSD) test.
point on the posterior margin of the mandibular ramus (P).
Level of statistical significance was set at 0.05 and
With the lateral aspect of each hemi-mandible lying oanalyses were performed in R statistical package version 3.1.0
a flat, horizontal surface, and a digital camera positioned {8013), R Development Core Team. R: Alanguage and environment
mm above aiming at the medial aspect of the ramus, a picttioe statisti@al computing (Vienna, Austria: R Foundation for
was taken with the posterior margin of the ramus verticallgtatistical Computing; 2013, http://www.R-project.org).
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RESULTS

ANOVA F-test showed no statistically significant
difference in the height of mandibular ramus, determined as
the addition of the measures F-I and F-B when comparing
different cephalic indexes. Brachycephalic mandibles,
however, were less wide, as determined by the addition of
measures F-A and F-P, than meso- or dolicephalic ones
(Table I).

Both ANOVA F- and THSD test showed that the
mandibular foramen (point F) was closer to the anterior margin
of the ramus (point A) in brachycephalic mandibles as
compared with meso- and dolicho cephalic ones (Table II).

Fig. 1. Medial view of the mandibuldr ramus. By displacing the ver-

. . : . ) _ Likewise, brachycephalic mandibles showed their
tical continuous red line, the most posterior (A) and anterior (P) po'rrﬁandibular foramen lying at a higher level as compared with
on the mandibular ramus were determined. Likewise, by displacin

the horizontal continuous red line, the lowest point of the mandibulﬂ%eso', an.d do"Cho,Cepha“C specimens W't.h megn
incisures (1), and he highest point of the inferior mandibular base (Bfterminations of Hf in brachy-, meso- and dolicephalic
were determined. The tip of the lingual (T), the most inferior poifhandibles of -0.22 mm, -4.04 mm and -4.01 mm,
of the mandibulaforamen (F), and the reference point (M) used taespectively (Table Il and Fig. 2).

indicate the height of the mandibular foramen. M was determined as

the intersection of the red continuous line marking out the second mo- The mean height of the lingula (HI) in doli-, meso-

lar occlusal plane and the vertical dotted line going through point F.gnq brachycephalic study hemi-mandibles were 1.84 mm,

Table 1. Comparison of height and width of the ramus according to cephalic index.

Measurement n Cephalic Index Mean SD Min. Max. p*

Height 105 Dolichocephaly 49.49 545 36.88 5893

(FI/FB) Mesocephaly 48.25 525 3794 6223 0.52
Brachycephaly 48.01 6.62 2247 58.01

Width 105 Dolichocephaly 3240 395 2331 4234

(FA/FP) Mesocephaly 31.82 292 2658 4040  0.066**

Brachycephaly 30.44 372 23.60  39.90
*= ANOVA - statistical F; **= Statistically significant.

Table 1l. Comparison of foramen location on the medial aspect of ramus according to cephalic index.

Measurement n Cephalic Index Mean SD Min. Max. p*
FA 105 Dolichocephaly 1870 245 14.01  24.59
Mesocephaly 1850 228 1246 23.09  0.0089**
Brachycephaly 17.09 226 1280 21.75
FP 105 Dolichocephaly 13.70  2.63 9.30 19.16
Mesocephaly 13.32 1.80 9.07 17.44 0.73
Brachycephaly 1335  2.17 9.02 18.93

FI 105 Dolichocephaly  23.56 3.05 1873 3190
Mesocephaly 23.68 2.47 17.58  28.66 0.3

Brachycephaly 2448 250 2022  30.22

FB 105 Dolichocephaly 2594 458 1683  33.51

Mesocephaly 24.57 4.39 15.78 35.79 0.19
Brachycephaly 24.09 4.04 16.73  33.09

Measurement p* Comparison P adj***
FA 0.0089%** Mesocephaly = Dolichocephaly 0.93381

Brachycephaly < Dolichocephaly 0.01323%*

Brachycephaly < Mesocephaly 0.03427**

*= ANOVA - statistical F; **= Statistically significant; ***= Tukey test (Post Hoc Test).
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1.3 mm and 0.78 mm, respectively, with THSD test showing Regardless of their cephalic index classification,
statistically significant larger mean value of HI inminimum, mean and maximum measurements of Hf and Hl
dolicephalic specimens as compared with bradycephalic or@stained in this study’s sample were {-9.96 mm; -2.87 mm;
(Table IV and Fig. 3). and +3.92 mm} and {0.00 mm; 1.31 mm; and 5.66 mm},
respectively (Table V).
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Fig. 2. Dot plot graphic showing the height of mandibular foramelig. 3. Dot plot graphic showing the height of the lingula according
according cephalic index specimen. cephalic index specimen.

Table I1I. Height of the mandibular foramen (Hf) according to cephalic index.

Measurement n Cephalic Index Mean SD Min. Max. p*
Hf 105 Dolichocephaly -4.01 295 -850 3.20
Mesocephaly -4.04 199 996 -1.15  0.00000000004284089**
Brachycephaly -0.22 239 -433 3.92
Measurement p* Comparison P adj***
Hf 0.00000000004284089* Mesocephaly = Dolichocephaly 0.78648
* Brachycephaly > Dolichocephaly 0.00000%**
Brachycephaly > Mesocephaly 0.00000%*

*= ANOVA - statistical F; **= Statistically significant; ***= Tukey test (Post Hoc Test).

Table IV. Height of the lingula (HI) according to cephalic index.

Measurement n  Cephalic Index Mean SD Min.  Max. p*
HI 105 Dolichocephaly 1.84 121 0.00 5.66
Mesocephaly 1.30 1.16  0.00 445 0.00053%*%*
Brachycephaly 0.78 091 0.00 2.60
Measurement p* Comparison P adj***
Hl 0.00053**  Mesocephaly = Dolichocephaly 0.10707
Brachycephaly < Dolichocephaly 0.00031%**
Brachycephaly = Mesocephaly 0.11996

*= ANOVA - statistical F; **= Statistically significant; ***= Tukey test (Post Hoc Test).

Table V. Height of the mandibular foramen (Hf) and lingula (HI)
without considering cephalic index.

Measurement n Mean SD Min. Max.
Hf 105 -2.87 3.10 -996 3.92
HI 105 1.31 1.18 0.00 5.66
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DISCUSSION The analysis of the distances of point F from the
references on the anterior and posterior margins of the
mandibular ramus F—A and F-P, respectively, shows that, in

The relation that the mandibular foramen bears tihe sample of the present study, the mandibular foramen lies

the inferior alveolar nerve makes this foramen a major featumbout 3 mm further two thirds of the ramus width (31.55

when administering anesthetics or performing surgicahm in average) from the anterior towards the posterior

procedures. margin at the level of points A and P.

Situated at the centre of the medial aspect of the Vertically, the mandibular foramen is located in the
mandibular ramus, inferiorly and posteriorly to the lingulamiddle third of the medial aspect of the mandibular ramus.
the mandibular foramen shows no differences regardif@ur mean F-I measurements in dolicho- meso- and
shape, size and location when comparing its features on tirachycephalic specimens were 23.56 mm, 23.68 mm and
left and right side of the mandible (Iwadd al; Valenteet 24.48 mm, respectively. Previous authors reported similar
al.; Ennes & Medeiros, 2009; Martoréeal., 1993). values, Kositbowornchast al: 24.54 mm, Valentet al.:

24.12 mm and 23.65 mm for the right left side, Monnatzi

Previous studies on dry mandibles have reportead.: 21.89 mm, and Ennes & Medeiros: 24.3 mm and 24.4
mean values of the distance of the mandibular foramennam for the right and left side. On the other hand, Carvalho
the anterior margin of the ramus as 17.67 mm (Monrazziet al, and Fontourat al,, reported considerably smaller rates
al.), 20.70 mm (Kositbowornchet al), 14.6 mm — for both of 16.08 mm and 15.8 mm, respectively.
sides (Ennes & Medeiros), 17.63 mm — for right side and
18.45 mm — for left side (Carvallet al), 16.94 mm — for Regarding height and width of the mandibular ramus,
right side and 17.32 mm — for left side (Valegtal), 17.65 the findings of the current study were similar to those by
mm — for right side and 18.04 mm —for left side (Reial, Fontouraet al, with 49.4 mm and 31.03 mm, and Ennes &
1997). The present investigation, in turn, studied the distankkedeiros: with 46.6 mm and 26.8 mm, and 46.8 mm and
of the foramen reference point F from point A on the ant@6.1 mm, for the right and left sides, respectively. The
rior margin of the ramus (F-A) associating it with thestatistical analysis of our findings, however, evidenced that
cephalic index and found mean values of 18.70 mm, 18.850e ramus of brachicephalic hemi-mandibles were
mm and 17.09 mm in doli-, meso- and brachycephal&ignificantly less wide those of dolicho- and mesocephalic
specimens, respectively, with brachycephalic measurementses (Table 1).
bearing statistical significance as smaller than doli- and
mesocefalic ones (Table II). Anatomical landmarks that indicate the location of

the mandibular foramen are highly important for carrying

Judging by the distances of the mandibular foramesut the block of the inferior alveolar nerve. However, the
from the anterior margin of the ramus, it is not advisablevel of the mandibular foramen presents many variations
performing anesthetic nerve block using needles about 86cording the authors: Hwaergal (1990): 4.16 mm above
mm long for they can potentially perforate the parotid glanithe occlusal plane; Nicholson: 75% below surface of the
injuring it and at the same time fail to produce the desiradolar teeth and 22% at the same level; A&taal (1998):
anesthetic effect. Nerve block should be carried out usitige same level of molar teeth; Mbajiorgu (2000): 47.1% the
shorter needles (about 25 mm long) instead. Similar remasame level of the occlusal plane, 29.4% above and 23.5%
was made by Ennes & Medeiros. below the occlusal plane; Monnaztial.: 0.02 mm below

of the alveolar bone margin plane; Jansisyaeomt.: 4.5

The mean measurements of the distance of timem above the occlusal plane.
mandibular foramen at point F to the posterior margin of
the ramus (F—P) were 13.70 mm, 13.32 mm and 13.35 mm  The present study determined that point F, our
in dolicho-, meso- and brachycephalic specimensgpological reference of the mandibular foramen, lied 0.22
respectively. These rates were similar to those fourmdm, 4.01 mm and 4.02 mm below the occlusal surface of
previously by other researchers: ) 12.1 mm and 12.3 mithe second molar, in brachy, dolicho and mesocephalic study
by Ennes & Medeiros; Il) 14.24 mm and 14.03 mm, bhemi-mandibles, respectively, thus showing that in
Valenteet al; and Ill) 11.81 mm and 11.41, by lwakial; brachycephalic specimens, point F was found at a higher
for the right and left sides, respectively; and V) 14.35 mievel (Fig. 2). Based on this finding, inserting the needle 4
by Monnazziet al Smaller mean rates were found bymm above the occlusion level of the molar is enough to go
Fontoureet al; with 10.04 mm, and Re&t al; with 10.47 through the pterygomandibular space without difficulty in
mm and 10.14 mm, for the right and left sides, respectivelyrder to perform the inferior alveolar nerve block.
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The lingula is generally a sharp tongue-shaped boR¢RNANDES, A. C. S.; LOUREIRO, R. P.; OLIVEIRA, L. &
projection located on the internal surface of the mandibulBE MORAES, M. Localizacion del foramen mandibular y altura
ramus to which the sphenomandibular ligament is attachet. la lingula mandibular en mandibulas dentadas secas, y su rela-
Many variations in the shape of the lingula, however, hawn con el indice cefalictnt. J. Morphol., 33(3)1038-1044, 2015.
been described (Jansisyanenal; Kositbowornchagt al;

Tuli et al; Varma & Sameer, 2013: Lopesal, 2010). RESQM_EN: El'fo_ramen mandibular_y la lingula son _Io_s
puntos anatdémicos mas importantes a considerar en la administra-

. . cién de anestesia troncular o la realizacion de procedimientos qui-
The sagittal split ramus osteotomy (SSRO) of thfzﬁrgicos en la mandibula. El objeivo fue determinar si las caracte-

ramus of the mandible is commonly performed in thggticas topolégicas del foramen mandibular (FM) y la lingula
surgical correction of dentofacial deformities (T&tjal, mandibular presentan variaciones en las mandibulas de craneos
2005). SSRO normally requires a horizontal osteotomy #an diferentes indices cefalicos. Fueron utilizados 105 mandibu-
the medial aspect of the mandibular ramus, which mdss secas, pertenecientes a craneos identificados como dolico, meso
frequently is performed above the mandibular foramen asidraquicéfalos. En cada caso, se relacionaron la ubicacion del FM
at a level below that where both buccal and lingual corticg@n l0s margenes longitudinales de la rama mandibular (RM) y la
bone layers merge. The distinct feature of the lingula (ﬁj{ura del foramen (Af) con la linea oclusal del segundo molar.

the medial aspect of the mandibular ramus, makes it avfg/‘fmés, se determind la altura de la lingula (Al). En promedio, el

convenient landmark for referring the level of cortica de mandibulas braquicefalicas se encontr6 mas cerca del mar-
9 en anterior de la RM. La Af en mandibulas braqui, meso y

merge (Smittet al, 1991), for example, reports that theygjicocetalas fue de -0,22 mm, -4,04 mm y -4,01 mm, respectiva-
fusion of both cortical structures occurs 7.5 to 13.3 Mfente. La lingula mandibular en muestras braquicefalicas, fue con-
above the lingula. siderablemente mas corta (0,78 mm) que en las dolicocéfalas (1,84
mm). El bloqueo del nervio alveolar inferior debe llevarse a cabo
The height of the lingulhas also been the focus ofusando agujas cortas, insertandolas 4 mm por encima del nivel de
many studies. Its average measurement has been repof@gsion de los dientes molares. La rama de las mandibulas
as 8.2 mm regardless of the side (Jansisyagioal), 8.7 brngcefall_cas fueron 5|g_n|f|cat|\_/amente menos anchas que en
mm and 8.2 mm for the right and left side respectivelgfan'?ps dolicoy mesocefalicos. Sila altura de lalingula mandibular
(Viravudth & Plakornkul, 1989) and 8.6 mm and 9.1 m el_Jtlllzara como referenua para deFermln_ar el nivel del corte medlal
. L . . orizontal para realizar la osteotomia sagital de la rama mandibular,
for the right and left side, respectively (Nicholson). Thee gepe dar especial atencion al indice cefalico del paciente.
present study has determined the height of the lingula as
1.84 mm, 1.30 mm and 0.78 mm in dolycho-, meso- and PALABRAS CLAVE: Lingula mandibular; Foramen
brachycephalic hemi-mandibles. The evident discrepancynmandibular; indice cefalico.
values between previous and present reporting is due to the
fact that previous researchers referred the height of the
lingula to the lower margin of the mandibular forameMREFERENCES
whereas the present investigators referred it to the point at
WhiCh_ the lingula me.rges_ into the medial aspec.t of Fhﬁsar, A.; Haas, D. A.; Rossouw, P. E. & Wood, R. E. Radiographic
mandibular ramus. This point was referred to as point Zin a |gcalization of mandibular anesthesia landmagkal Surg. Oral
previous study by Fernandesal Med. Oral Pathol. Oral Radiol. Endod., 86(234-41, 1998.

The design of the present study evidenced that if tf&/cioglu, H. A.; Kilic, C.; Varol, A.; Ozan, H.; Kocabiyik, N. &
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attention should be given to the patient’s cephalic index, as
the present findings show that in average measurementsCafvalho, P. L.; Porobello, M. C. & Reis, S. S. P. Contribui¢&o ao
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