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Resumo
Introdução: Hemorragias, edema no assoalho bucal e elevação da língua são complicações relacionadas a procedimentos 
cirúrgicos na região anterior da mandíbula. Objetivo: Os objetivos deste estudo foram avaliar a presença e localização 
do forame lingual na região anterior da mandíbula e avaliar a morfologia mandibular utilizando tomografia 
computadorizada com feixe de cone (CBCT). Material e método: A morfologia da mandíbula e a localização, 
diâmetro e altura do forame lingual foram analisados   utilizando a medula e o forame mental como referências em 
278 CBCT. Resultado: 88% da amostra tinha um forame lingual da linha média, totalizando 408 forames, com um 
diâmetro médio de 0,93 mm. Na região lingual entre a linha média e forames mentais foram detectados em 75% da 
amostra, com um diâmetro médio de 0,807 mm. Não houve correlação positiva entre a presença de forames lingual 
nas regiões lateral ou na região média (r = -0,149; p = 0,013). Na região da linha média, a forma mandibular do tipo 
I era predominante (96%) e o tipo III predominava nas regiões laterais. Conclusão: Considerando a prevalência 
dessas estruturas e sua relevância clínica em possíveis complicações cirúrgicas, é importante analisar cuidadosamente 
a região anterior da mandíbula durante o planejamento cirúrgico. 

Descritores: Tomografia computadorizada de feixe cônico; anatomia; assoalho bucal; mandíbula.

Abstract
Background: Hemorrhages, mouth floor edema and tongue elevation are complications related to surgical procedures 
in the anterior region of the mandible. Objective: The objectives of this study were to evaluate the presence and 
location of the lingual foramen in the anterior region of the mandible and to evaluate mandibular morphology using 
cone beam computerized tomography (CBCT). Material and method: The mandible’s morphology and the location, 
diameter and height of the lingual foramina were analyzed using the midline and the mental foramen as references, 
in 278 CBCT. Result: 88% of the sample had a midline lingual foramen, totaling 408 foramina, with a mean diameter 
of 0.93 mm. Foramina in the lingual region between the midline and mental foramina were detected in 75% of the 
sample, with a mean diameter of 0.807 mm. There was no positive correlation between the presence of lingual foramina 
in the lateral or in the midline regions (r = -0.149; p = 0.013). In the midline region, the type I mandibular shape was 
predominant (96%), and type III was predominant in the lateral regions. Conclusion: Considering the prevalence of 
these structures and their clinical relevance in potential surgical complications, it is important to carefully analyze 
the anterior region of the mandible during surgical planning. 

Descriptors: Cone-beam computed tomography; anatomy; mouth floor; mandible.

INTRODUCTION

Dental implants are an excellent alternative for the rehabilitation 
of edentulous patients, and have high success rates. Although implant 
placement is not a high-complexity procedure1, complications 
such as sinusitis, paresthesia, edema and hemorrhages have 
been reported1-4. Hemorrhages, mouth floor edema and tongue 

elevation are complications related to implant surgical procedures 
in the anterior region of the mandible5,6. These complications are 
potentially relevant because they may result in obstruction of the 
upper airways1,7-9. The most frequent cause of these complications 
is vascular injury7,10,11.
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Initially, the existence of lingual vascular vessels was only 
reported in cadaver dissection12-14. However, the use of computed 
tomography scans has shown the role and location of the vascular 
vessels in the etiology of these complications5,11,15-17. Several studies 
have demonstrated the presence and location of vascular lingual 
vessels in humans by means of cone beam computed tomography 
(CBCT) of the mandible11,16-20. In fact, the use of CBCT facilitates the 
location and identification of the diameter of these vascular vessels, 
and can help avoid trans-surgical complications21-23. The objective 
of this study was to evaluate the location, diameter and height of 
lingual foramina from the base of the mandible in dentate and 
edentulous patients and the morphology of the mandible using 
cone beam computed tomography.

MATERIAL AND METHOD

Sample Selection

A sample of 278 cone beam computed tomography (CBCT) 
scans belonging to the database of a research institute was selected. 
The CT scans were obtained using a cone beam computerized 
tomography scanner (Galileos, Sirona, Bensheim, Germany). 
The acquisition factors for the scans were constant: 14 seconds 
of acquisition, FOV of 15 × 15 cm3, 42 mAs, high contrast, 85 kV 

and 0.3 mm section thickness. The technique was carried out in 
a standardized way: the patient’s head was positioned with the 
occlusal plane parallel to the ground and the median sagittal plane 
perpendicular to the ground, with the cephalostat settings always 
constant. The experimental design of this study was approved by 
the Research Ethics Committee of the Pontifícia Universidade 
Católica do Paraná (protocol 377.388) on 08.28.2013.

Tomographic Analysis

Initially, the location and diameter of the lingual foramina 
that were visualized in the region between the mentual foramina 
were assessed. The emergence diameter measurements and the 
height of the opening of these foramina in relation to the base of 
the mandible were obtained in the axial and parasagittal sections 
of the tomographic images.

In the window of the parasagittal section of the CBCT, the 
shape of the cross section of the anterior region of the mandible was 
assessed in three areas: in the midline and the lateral regions of the 
mandible (5 mm forward the mental foramen of the right and left 
sides). The shape of the mandible was visually classified as type I 
(base of the mandible wider than the bone crest), type II (base of 
the mandible narrower than the bone crest) and type III (base of 
the mandible was parallel to the bone crest) (Figure 1A-C). After 

Figure 1. Schematic representation of the CT scan sections fot the classification of mandible shapes: type I (A); type II (B); and type III (C). 
Parassagital images of mandibular jaw bone used to evaluate the presence, amount, location, and size of lingual foramina and vascular canals in 
the interforaminal region as well as the morphology of mandibular jaw bone (D and E).
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the visual analysis of the cross-section of the anterior region, three 
measurements of the buccolingual thickness of the mandible were 
obtained at three points. The height of the mandible was divided 
into thirds and the midpoint of each third was used as a reference 
to measure the thickness of the mandible (Figure 1D, E).

All of the tomographic analyses were carried out in a standardized 
manner using Galaxis software tools, version 1.7 (Sirona, Bensheim, 
Germany). The data were tabulated and statistically analyzed. 
The analysis was carried out using the Student’s t-test and Chi-Square. 
For all the analyses, p values <0.05 were considered statistically 
significant.

RESULT

The sample consisted of 278 CBCTs; 180 (64%) were female 
and 98 (35%) were male patients. The mean age was 50.84 years 
(±12.38) ranging from 11 to 87 years. Among the 278 patients, 
239 were dentate (86%) while 39 were edentulous (14%). Out of 
246 CBCT (88%), 408 lingual midline foramina were identified and 
the mean diameter was 0.93 mm. In the lateral regions, 386 lingual 
foramina were identified in 210 CBCT (75.53%) with a mean 
diameter of 0.807 mm. The lateral foramina were not concentrated 
in a specific dental region, whether they were in the middle region 
or the lateral regions. The location of these foramina is shown in 
Table 1 according to the dental region. Table 2 shows the mean 
diameter and the height of the base of the mandible to the midline 
lingual foramina and the lateral regions observed in the CBCT.

In the midline region, the predominant mandible shape was 
type I (96%). In the right and left lateral regions, the predominant 
shape was type III (57.9% and 59.4%), respectively. In the midline 
region, only 1 patient (0.4%) presented type II, while 13 (4.7%) 
and 21 (7.6%) patients had this shape on the left and right side, 
respectively. The distribution of different types of mandible shape 
at the midline region and in the lateral regions is shown in Table 3.

The assessment of the presence of lingual foramina in the midline 
and in the lateral regions revealed a negative statistical correlation 
(r=-0,149; p=0,013). There was no statistically significant correlation 
between age and vascular vessels, or for age and lingual foramina 
(p> 0.05). In addition, no correlation was detected regarding to the 
presence of lingual foramina and dentate or edentulous patients 
(p> 0.05).

DISCUSSION

Vascular injuries have been associated with surgical complications 
in the anterior region of the mandible21-23. The objective of this study 
was to evaluate the frequency and location of the lingual foramina 
and the morphology of the mandible.

In the sample analyzed, 246 (88%) patients presented midline 
lingual foramina and 210 (75%) patients presented lingual 
foramina in the lateral regions. Previous studies have shown that 
the prevalence of lingual foramina varied between 73%10, 81%16, 
90.35%24 and 100%11,12,17.

In our study, 408 midline lingual foramina were identified 
with a mean diameter of 0.93 mm. In fact, the mean diameter has 

Table 1. Distribution of lateral lingual foramina according to dental region

Dental region

31 32 33 34 35 41 42 43 44 45

Number of lingual foramina 25 55 33 50 33 27 32 38 42 51

Percentile distribution 6.47 14.24 8.54 12.95 8.54 6.99 8.29 9.88 10.88 13.21

Table 2. Diameter and height of the lingual foramina in relation to the base of the mandible at the midline and lateral regions of the mandible

Diameter Height

Mean SD Max Min Mean SD Max Min

(n=408)
Midline lingual foramina 0.9 0.3 0.1 2.5 9.7 5.7 0 30.7

(n=386)
Lateral lingual foramina 0.8 0.3 0.17 2.6 8.7 6.7 0.6 34.8

SD: standard deviation; Max: Maximum value; Min: minimum value.

Table 3. Distribution of different shapes of mandible in the midline and lateral regions

Midline region Left lateral region Right lateral region

Type I 267 (96.0%) 104 (37.4%) 92 (33.1%)

Type II 1 (0.4%) 13 (4.7%) 21 (7.6%)

Type III 10 (3.6%) 161 (57.9%) 165 (59.3%)
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previously been reported as 0.70 mm12 and 0.80 mm13,24. However, 
other studies have reported a smaller diameter (0.31  mm)10. 
Our  data also revealed that the mean height of the base of the 
mandible to the lingual foramen was 9.72 mm. In line with this 
study, Loukas et al.13 reported a mean height value of 10.30 mm 
while Rosano et al.11 found a mean height of 12.50 mm. However, 
other studies10 found lower values (0.5 mm). In the lateral regions, 
386 lingual foramina were found in 75% of the sample evaluated in 
this study. Corroborating our data, another study17 found lingual 
foramina in 80% of the sample, with a mean diameter of 0.8 mm.

Regarding the shape of the mandible at the midline, most of 
the sample presented the type I format (96%), and there was no 
significant difference between dentate and edentulous patients. 
Other authors25 found that 69% of the sample presented mandibular 
morphology with the base wider than the alveolar crest, which 
corresponds to the type I format of this study. The type II shape 
(wider alveolar crest than the base) is the most likely to be affected 
by surgical complications due to the difficulty of directly visualizing 
the base of the mandible. Thus, the mandibular shape is of great 

importance, because lingual concavity or declivity of the lingual 
cortex can lead to higher risks of lingual perforation during the 
installation of implants9.

There was no positive correlation between the presence of 
vascular vessels and lingual foramina, and age did not influence the 
frequency of these structures. Moreover, no correlation was found 
related to presence of lingual foramina in dentate or edentulous 
patients. Thus, aging as well as presence of teeth does not seem to 
influence the prevalence and location of these structures.

This study shows a high prevalence of lingual foramina in the 
midline and the lateral regions. Moreover, the anterior region of 
the mandible, located between the mentual foramina, is often 
accessed for the installation of implants. Because severe surgical 
complications may occur more frequently due to the presence of 
these anatomical structures7,9, it is very important that a thorough 
analysis is carried out during surgical planning. Therefore, cone 
beam computerized tomography is an excellent tool, which helps 
to reduce the incidence of surgical complications in the anterior 
region of the mandible.
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