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IntRoductIon

The mandibular foramen (MF) is located above the centre 
in the medial surface of the ramus of the mandible, through 
which it penetrates the inferior alveolar neurovascular 
bundle (IANB).[1,2] The correct identification of MF and IANB 
is important to avoid complications during the performance 
of surgical procedures. Lingula is a tongue-shaped projection 
on the medial side of the ramus of the mandible. However, 
clinically it is very challenging to perform ramus osteotomy 
directly observing the location of the IANB from the medial 
side of the ramus.[2] This identifies the most important 
landmarks to take into consideration when performing ramus 
osteotomy. Several long-term studies have been conducted to 
determine anatomical reference points to minimise or prevent 
neurovascular structures.

IANB is related to MF through which it passes into the 
mandible, and the protruding anatomical structure Lingula 
lies medial to foramen. Corresponding to the Lingula, on 

the lateral side of the ramus, there is a bony tubercle or 
prominence called anti-Lingula, which acts as anatomical 
landmark on the lateral of the ramus to perform vertical 
osteotomy.[3] Although there were studies available in the 
literature on the anti-Lingula, Lingula and MF,[4-6] very few 
studies have been published with regard to a South Indian 
population on direct measurement and its correlation in 
the adult dry mandibles. This study intended to locate the 
important landmarks (anti‑Lingula, Lingula and MF) on the 
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dry mandible of an adult South Indian population and to find 
the correlation between the position of the anti-Lingula with 
respect to the Lingula and the MF.

MateRIals and Methods

This study was conducted on the dry mandibles of 85 adult 
cadavers with age and sex unknown. Ethical approval was 
obtained from the Institutional Review Committee (Reference 
Number: KMC/29/2019). A digital calliper with accuracy of 
0.001 mm was used to measure all the parameters. To remove 
the measuring bias, each measurement was performed by 
two measurers and the average was noted. The measurement 
reference points were ‘anti-Lingula’, ‘Lingula’ and ‘MF’. 
Anti-Lingula was the notably prominent point on the lateral 
surface of the mandibular ramus and was confirmed by visual 
and tactile measurements. Lingula is a bony projection over 
and medial to MF.

All the distances were measured placing the lower margin 
of the mandible vertically on the platform on a flat and 
firm surface. The points taken for measurements were the 
most prominent point on anti-Lingula, tip of Lingula and 
most anterior, posterior and inferior points of MF.[7] The 
measurements were denoted as A – anterior, B – posterior, 
C – superior and D – inferior distances on the ramus of the 
mandible, respectively [Figure 1].

Statistical analysis
Data were expressed in mean and standard deviation (SD) and 
Student’s t-test was applied to compare the mean distances of 
anti-Lingula with respect to Lingula and MF. The normality 
of the data was checked by the Shapiro–Wilk test. Pearson’s 
correlation coefficients were performed to examine the 
correlations. Statistical analysis was performed using the 
Statistical Package for the Social Sciences version 20th (SPSS, 
Chicago, IL, USA).

Results

The anti-Lingula was located a mean of 15.0 mm (SD = 1.80) 
inferior from the mandibular notch (C) and 14.71 mm (SD = 1.91) 
posterior from the anterior border of the ramus. The Lingula 
was located an average of 15.5 mm (SD = 3.4) inferior from 
the mandibular notch (B) and 17.89 mm (SD = 1.9) posterior 
from the anterior border of the ramus. The MF was located an 
average of 24.35 mm (SD = 2.0) inferior from the mandibular 

notch and 14.75 mm (SD = 2.4) posterior from the anterior 
border of the ramus [Table 1]. Significant difference was 
noted in mean distances between the anti-Lingula and MF of 
both the sides (P ≤ 0.005) and also in the distances between 
the Lingula and the anti-Lingula observed for the posterior 
(B, P = 0.75) and the inferior margin of the mandible (D, P 
= 0.54). Statistically, the anti-Lingula and Lingula (Pearson’s 
correlation coefficient [r] = 0.815, P = 0.025) and the 
anti-Lingula and MF (r = 0.781, P = 0.041) when correlated 
vertically exhibited moderate positive correlation [Figure 2a 
and b], but the horizontal correlations between the anti-Lingula 
with Lingula and with MF were weak and statistically 
insignificant [Figure 3a, b and Table 2].

dIscussIon

To prevent the complication of damage to the inferior alveolar 
neurovascualr bundle [IANB] during surgery, many studies 
have attempted to develop novel techniques to avoid damage 
to the IANB during osteotomy of the lateral side of the 
ramus.[8] Many studies have also been conducted to locate 
the anatomical placement of the IANB in the lateral side of 
the ramus in order to establish the theoretical underpinnings 
of these surgical procedures.[8-12] The anti-Lingula, a raised 
protrusion or tubercle, is visible on the lateral side of the ramus. 
Yates et al.,[13] the first to recognise and document a connection 
between the anti-Lingula and the MF in 70 dry mandibles, 
found that the prevalence of the anti-Lingula was 44% and 
asserted that although the anti-Lingula is a very changeable 
anatomical marker, the posterior 5–10 mm of the structure is 
safe for surgery. Similarly, a study by Apinhasmit et al.[14] on 
92 dry mandibles recorded the prevalence of anti-Lingula to be 
80.4%. Pogrel et al.[15] determined anti-Lingula in all mandibles 
in 20 cadavers and a similar study by Aziz et al.[16] found 
anti-Lingula on all study mandibles from 18 cadavers. From 
the above studies, it was noted that the Lingula were present 
in the posteroinferior region of the anti-Lingula. A study using 
three‑dimensional computed tomography (CT) by Park et al.[17] 
noted that anti-Lingula was clinically identifiable in 46.7% in 
25 patients with Class I occlusion, 44.4% in 50 patients each 
with mandibular prognathism and 45.3% with mandibular 
retrognathism respectively and reported the anti-Lingula as an 
excellent intraoperative reference point. Contrary to a previous 
study, Hogan and Ellis[18] reported that the anti-Lingula is not 
an anatomical marker and is not appropriate as a surgical guide 
for osteotomy.

Table 1: Mean value and standard deviation for each anatomic point

Anatomic points Measurements, mean±SD (mm)

A B C D

Right side Left side Right side Left side Right side Left side Right side Left side
Anti-Lingula 14.91±1.80 14.5±1.0 31.62±1.65 32.1±1.65 15.0±3.5 14.7±1.91 21.59±3.74 20.1±1.3
Lingula 17.8±1.90 17.0±2.7 27.80±1.9 27.0±1.91 15.50±3.4 15.1±2.1 32.89±3.0 33.2±1.5
Mandibular foramen 14.50±2.31 15.0±2.7 12.50±3.6 11.1±2.5 25.5±2.2 23.2±2.9 22.56±2.5 21.80±2.3
SD: Standard deviation
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With the advent of recent imaging technologies such as CT 
and magnetic resonance imaging aiding in confirming the 
course of the IANB before surgery, it is necessary to confirm 
the accurate structural anatomy of the mandible to reduce 
the associated risk in surgery.[9] The Lingula and MF are 
highly variable structures and difficult to visually identify and 
palpate when performing vertical ramus osteotomy; however, 
anti-Lingula is the most prominent part of the lateral side of 

In some studies, anti-Lingula was not found and it was 
thought that there was difficulty in setting the anti-Lingula[6-9] 
and a study by Monnazzi et al.,[4] on 44 dry mandibles 
concluded that anti-Lingula cannot be recommended as a 
landmark for ramus osteotomy. In our study, we found that 
the anti-Lingula was the most prominent part on the lateral 
side of the ramus, which was validated by both visual and 
palpation methods.

Figure 1: (a) Anti‑Lingula (black circle) the most prominent point on the lateral surface of the mandibular ramus. (b) Lingula (black square) most 
superior point of the lingual and mandibular foramen (black triangle) the lowest point of the entrance of the IANB into the mandible

a b

Figure 2: Correlation of vertical distance. (a) Anti‑Lingula with Lingula. (b) Anti‑Lingula with mandibular foramen

a b

Figure 3: Correlation of horizontal distance (a) Anti‑Lingula with Lingula. (b) Anti‑Lingula with mandibular foramen

ba
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the ramus and is easy to locate and it can be highly useful as 
a reference point.

conclusIons

To perform safe and accurate surgery without damaging the 
IANB, we recommend a posterior area of more than 10 mm 
from the posterior border of the ramus and a superior area of 
more than 16.80 mm from the sigmoid notch. The prevention 
of IANB damage cannot be guaranteed using anti-Lingula 
alone as a reference point; however, if the surgeon is able to 
correlate the overall anatomy of the ramus of the mandible 
during surgery, the success rate would be higher.

Limitation of the study
The current study used dry mandibles of adults of unknown 
sex and age; therefore, further fresh mandibles of cadavers 
with a bigger sample size are required. In addition, due to the 
different anatomical characteristics of each individual, it is 
always advisable to identify the anatomy of the patient through 
pre-operative imaging to avoid any damage during surgery.
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Table 2: Correlation of anti-Lingula with Lingula and 
mandibular foramen

Lingula Mandibular foramen

r P r P
Anti-Lingula (vertical) 0.815 0.025** 0.781 0.041**
Anti-Lingula (horizontal) 0.324 0.105 0.542 0.212
**P≤0.05 is considered statistically significant. r: Pearson’s correlation 
coefficient


