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RESUMO 

 

 O objetivo deste estudo foi avaliar o alinhamento dos forames supra-orbitais, 

infra-orbitais e mentais em relação à linha média de acordo com o sexo e o lado 

em uma amostra de crânios tomográficos de uma amostra brasileira por análise 

morfométrica em 3D. Um total de 116 tomografias computadorizadas de adultos, 

crânios e mandíbulas humanos secos, foram selecionados aleatoriamente na faixa 

etária de 19 a 100 anos (57,31), ambos os sexos. As medidas foram realizadas no 

software Rhinoceros 5 a partir do plano sagital mediano referenciado. Os 

resultados contínuos foram submetidos ao teste de normalidade de Shapiro-Wilk, 

seguido pelo teste t pareado de Student ou Wilcoxon, para verificar se há 

diferenças em relação aos lados direito e esquerdo; para verificar se há diferenças 

entre os resultados contínuos do mesmo lado, o teste de normalidade de Shapiro-

Wilk foi realizado e seguido pelo teste ANOVA One-Way ou Kruskal-Wallis. Para 

corrigir o valor de p para múltiplas comparações, os testes post-hoc de 

comparações múltiplas de Tukey ou Dunn também foram realizados para ANOVA 

de uma via e teste de Kruskal-Wallis, respectivamente. Os níveis de significância e 

confiança foram estabelecidos, respectivamente, em 5% e 95%. Quando 

comparados os forames supraorbital, infraorbital e mental do mesmo lado, ocorreu 

um resultado estatisticamente significante para todas as comparações de ambos 

os lados em relação aos indivíduos do sexo masculino e feminino (p <0,0001). 

Exceto para medidas que envolvem SOF-FML, todos os resultados contínuos 

mostraram um resultado estatisticamente significativo para comparações entre os 

lados direito e esquerdo dos indivíduos. O presente trabalho mostrou na análise 

morfométrica tridimensional que não encontramos alinhamento do forame em 

nenhum dos estudados. 

 

Palavras-chave: Anestesia Regional. Prática Dental. Forame supraorbital. Forame 

infraorbital. Forame mentual. 

 
 

 

 

 



 

ABSTRACT 

 

The aim of this study was to evaluate the alignment of the supraorbital, infraorbital 

and mental foramina in relation to the midline according to the sex and the side in a 

sample of CT skulls of a Brazilian sample by 3D morphometric analysis. A total of 

116 CT scans from adults dried human skulls and mandibles were selected at 

random ranging in age from 19 to 100 years (57.31), both sexes. Measurements 

were performed in Rhinoceros 5 software from the median sagittal plane 

referenced. Continuous outcomes underwent the Shapiro-Wilk’s normality test 

followed by Student’s paired t test or Wilcoxon’s test to check for differences 

regarding the right and left sides; to check for differences between continuous 

outcomes at the same side, the Shapiro-Wilk’s normality test was performed and 

followed by the One-Way ANOVA or the Kruskal-Wallis test. To correct the p-value 

for multiple comparisons, the Tukey’s or Dunn’s multiple comparisons post-hoc 

tests were also performed for One-Way ANOVA and Kruskal-Wallis test, 

respectively.  The significance and confidence levels were set, respectively, at 5% 

and 95%. When the supraorbital, infraorbital, and mental foramina of the same side 

were compared, a statistically significant result occurred for all comparisons for 

both sides regarding male and female individuals (p<0.0001). Except for measures 

involving SOF-FML, all continuous outcomes showed a statistically significant 

result for comparisons between the right and left sides of individuals. The present 

work showed in 3-D morphometric analysis that we did not find foramina alignment 

in any of those studied. 

Keywords: Regional Anesthesia. Dental practice. Supraorbital foramen. 

Infraorbital foramen. Mental foramen. 
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1 INTRODUÇÃO 

 

 Para o profissional é imprescindível conhecer a anatomia da face, uma 

vez que temos a presença de diversas estruturas nobres que estão 

intimamente relacionadas com a correta realização de procedimentos 

odontológicos, como bloqueio anestésico, instalação de implantes, diagnósticos 

de patologias e realização de procedimentos estéticos (Greenstein, 2006; 

Bahlis et al. 2010; Chrcanovic et al. 2011). Saber sua correta localização auxilia 

na prevenção de possíveis complicações, evitando intercorrências como 

hemorragias, necroses ou mesmo parestesias por meio de trauma durante 

procedimentos cirúrgicos (Mendoza et al. 2004 ;  Teixeira et al. 2008; Moraes et 

al. 2008; Manhaes et al. 2009; Lima et al. 2010). Qualquer procedimento seja 

ele clínico ou cirúrgico exigem conhecimento preciso da localização das 

estruturas da face. 

A tomografia computadorizada (TC) é um método de diagnóstico por 

imagens utilizado como exame complementar, não invasivo e de alta precisão 

diagnóstica, no qual gera um conjunto de imagens a partir de radiação, 

permitindo a reprodução de uma secção do corpo (Arellano, 2001) em 

quaisquer dos três planos do espaço, diferenciando das radiografias 

convencionais, que projetam um só plano da estrutura em que os raios-x 

atravessam. A TC permite enxergar todas as estruturas em camadas, 

principalmente os tecidos mineralizados, com uma definição admirável, 

permitindo a delimitação de irregularidades tridimensionalmente (White e 

Pharoah, 2004). 

Reconhecendo a importância da tomografia computadorizada, este 

trabalho propos analisar o alinhamento dos forames faciais, embasado no 

estudos de Berge et al. 2001; Agthong et al. 2005 e Kim et al. 2013; os quais 

analisaram as variações de posição e a correlação com gênero, dos forames 

supraorbital, infraorbital e mentual. 

O Forame Supraorbital (FS) que é um acidente anatômico localizado na 

borda da margem supraorbital presente no osso frontal, sendo uma abertura 
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onde penetra o nervo supraorbital e a artéria supraorbital. (Netter, 2008; 

Ashwini et al. 2012; Applegate, 2012). 

O Forame Infraorbital (FI) que está situado na maxila, abaixo da margem 

inferior da órbita, e dá passagem aos vasos e nervo infraorbitais. Portanto esta 

é uma estrutura anatômica com uma importante localização no ponto de vista 

cirúrgico, pois além de prover a inervação sensitiva da pálpebra inferior, asa do 

nariz, lábio superior e gengiva vestibular dos dentes anteriores superiores 

(ramalhete cruciforme), também provém o suprimento sanguíneo das mesmas 

estruturas. Estudos comprovam que a variável sexo influência na localização 

desse forame, sendo encontrado mais próximo a margem infraorbital nas 

pessoas do sexo feminino. (Williams et al. 1995; Madeira, 2001; Moore & 

Daley, 2007; Teixeira et al. 2008; Caldeira, 2008). Este nervo é a estrutura a 

ser banhada pela solução anestésica para o tratamento odontológico dos 

incisivos e caninos superiores, e também é a estrutura que deve evitar ter 

contado com a toxina botulínica em uma eventual correção de sorriso gengival 

por exemplo (Hwang, 2009). 

  O Forame Mentual (FM) que corresponde à abertura do canal 

mandibular presente na cortical vestibular do corpo da mandíbula, de onde 

emerge o feixe vásculo-nervoso mentoniano que é um ramo da divisão 

mandibular do nervo trigêmeo, além dos vasos mentuais. Há pouca 

concordância sobre sua exata localização (Moraes et al. 2008; Manhães et al. 

2009; Guedes et al. 2011). Estudos mostram que o forame pode variar quanto 

à altura em relação à base da mandíbula, à posição em relação aos dentes 

inferiores e à sua forma, oval ou arredondada (Haghanifar e Rokouei, 2009; 

Guedes et al. 2011). Além dessas características, o FM pode ser variável entre 

as populações (Neiva et al. 2004; Lima et al. 2010; Sankar et al. 2011), 

justificando a realização de novos estudos. 

   O conhecimento anatômico do FM e suas variações são de interesse 

em diversas áreas da odontologia. Durante procedimentos cirúrgicos, como 

cirurgias ortognáticas e instalação de implantes (Bahlis et al. 2010) e até 

mesmo durante a anestesia, o planejamento anatômico é imprescindível, 

evitando danos ao feixe vásculo-nervoso presente na região (Manhães et al. 

2009). Ademais, a distinção entre processos patológicos e estruturas 
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anatômicas na mandíbula torna-se, muitas vezes, difícil durante clínica, assim 

como no diagnóstico diferencial entre lesões periapicais e o FM. 

Trabalhos relatando o alinhamento e posicionamento dos forames 

supracitados são escassos na literatura brasileira, da mesma forma que dados 

existentes relativos às variações de posições dos forames relacionados ao 

gênero e ao lado ainda estão escassos e controversos, principalmente por 

conta da forma que são executadas as medições como reportado por Agthong 

(2005). Cutright et al. (2003), descobriu uma diferença significativa de medidas 

entre gêneros, diferente de Aziz (2000), Saylam (2003), que não encontraram 

diferença significativa. Portanto, realizamos este estudo com o intuito de 

examinar o alinhamento e posicionamento dos forames supraorbital, infraorbital 

e mentual com relação ao gênero e o lado. Esses dois fatores foram analisados 

simultaneamente.  

Desta forma, o estudo da anatomia regional da maxila e mandíbula, e da 

morfologia dos nervos e vasos associados aos forames, é extremamente 

importante para a vida profissional do profissional da área da saúde.  
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ABSTRACT 
 

The aim of this study was to evaluate the alignment of the supraorbital, 
infraorbital and mental foramina in relation to the midline according to the sex 
and the side in a sample of CT skulls of a Brazilian sample by 3D morphometric 
analysis. A total of 116 CT scans from adults dried human skulls and mandibles 

were selected at random ranging in age from 19 to 100 years (57.31), both 
sexes. Measurements were performed in Rhinoceros 5 software from the 
median sagittal plane referenced. Continuous outcomes underwent the Shapiro-
Wilk’s normality test followed by Student’s paired t test or Wilcoxon’s test to 
check for differences regarding the right and left sides; to check for differences 
between continuous outcomes at the same side, the Shapiro-Wilk’s normality 
test was performed and followed by the One-Way ANOVA or the Kruskal-Wallis 
test. To correct the p-value for multiple comparisons, the Tukey’s or Dunn’s 
multiple comparisons post-hoc tests were also performed for One-Way ANOVA 
and Kruskal-Wallis test, respectively.  The significance and confidence levels 
were set, respectively, at 5% and 95%. When the supraorbital, infraorbital, and 
mental foramina of the same side were compared, a statistically significant 
result occurred for all comparisons for both sides regarding male and female 
individuals (p<0.0001). Except for measures involving SOF-FML, all continuous 
outcomes showed a statistically significant result for comparisons between the 
right and left sides of individuals. The present work showed in 3-D 
morphometric analysis that we did not find foramina alignment in any of those 
studied. 
Keywords: Regional Anesthesia; Dental practice; Supraorbital foramen; 
Infraorbital foramen; Mental foramen. 
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INTRODUCTION 
 

The study of facial anatomy is essential for the execution of clinical and 

surgical procedures in the extraoral regions, such as anesthetic block, corrective 

surgeries and aesthetic procedures (1,2) in order to prevent possible 

complications, such as hemorrhages, necrosis and paresthesia, caused by 

traumas in the vascular-nervous bundles. 

The knowledge of the anatomical characteristics of craniofacial structures 

can be obtained by evaluating the incidence of anatomical variations, linear 

measurements on the surface of the structures, as well as the bi - or three - 

dimensional morphometric study in internal structures using medical images. The 

skull bones are widely studied due to the presence of anatomical variations. 

Among the different anatomical structures that are present in the skull, foramina 

and canals are the targets of researches with clinical and surgical interest (3,4). 

The use of medical images, such as computed tomography (CT) scans for 

craniofacial morphometric studies, is of great value since it consists of a diagnostic 

imaging method used as a complementary (5), noninvasive and high diagnostic 

accuracy test, in which generates a set of images from radiation, allowing the 

reproduction of a section of the body in any of the three planes of space. 

Studies reporting the alignment and positioning of the supraorbital, 

infraorbital and mental foramina are scarce in the Brazilian literature, in the same 

way that existing data regarding the variations of positions related to sex and side 

are still scarce and controversial, as reported by Cutright et al. (6) and Agthong (7), 

that found a significant difference of measures between sexes, different from Aziz 

(8) and Saylam (9), who found no significant difference. The position of the facial 

foramina is important for regional block and for various maxillofacial surgical 

procedures.  

The aim of this study was to evaluate the alignment of the supraorbital, 

infraorbital and mental foramina in relation to the midline according to the sex and 

the side in a sample of CT scans of skulls of a Brazilian sample by 3D 

morphometric analysis. 
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MATERIAL AND METHODS 

 

 The present study was approved by Ethics Committee from Piracicaba 

Dental School – University of Campinas (protocol number: 15045219.7.0000.5418) 

(ANEXO 2). 

 

Sample 

 A total of 116 computed tomography (CT) scans from adults dried human 

skulls and mandibles were selected at random ranging in age from 19 to 100 years  

(57.31) (Table 1), 45 female and 71 males, and acquired by the Aisteion Multislice 

4 CT System (Toshiba Medical Systems Corporation - Japan), for the protocol of 

the skull: 100 MA, 120KV, with cuts of 1mm. The CT scans of skulls and mandibles 

belongs to a Bone Collection of the Forensic Dentistry Division from Piracicaba 

Dental School – University of Campinas.  

In this study, were included CT scans that presented the data about sex and 

age, and the skull and mandible with preserved and intact anatomical structures, 

without macroscopic deformities.  

We excluded the CT scans with any anatomical abnormalities and/or bony 

fractures in the region of interest. 

 

 Protocol measurements on CT scans  

The Mimics 18.0 software (Materialise, NV, Belgium) was used to produce 

the segmentation of the images on each CT scan. In segmentation, we selected 

the region of interest (ROI).  The segmentation was performed in both, right and 

left, sides of the face in each skull. After the segmentation, the software procedure 

the three-dimensional (3D) reconstruction of each skull and mandible.  

Measurements were performed according to the protocol proposed by 

Gupta (10) and adapted for CT by Lim et al. (11). 

In 3D reconstruction, the measurements were performed in Rhinoceros 5 

software (McNeel & Associates, Seattle, USA) from the median sagittal plane 

referenced by a line drawn on the bone surface, which reproduced the curvatures 

of the anatomical structures located on the midline. All measurements were done 

bilaterally. The following measures were considering (Figure 1): 
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1) SOF-FML = distance from the supraorbital foramen to the facial midline 

(mm);  

2) IOF-FML = distance from the infraorbital foramen to the facial midline (mm);  

3) MF-FML = distance from the mental foramen to the facial midline (mm). 

Two investigators performed the measurements in separated periods to 

obtain the intra-class correlation coefficient. 

 

Figure 1. Measurements using 3D reconstruction of the skull (Rhinoceros 5 
software-McNeel & Associates, Seattle, USA). The black line indicates the median 
sagittal plane reference. SOF-FML: red line; IOF-FML: blue line; MF-FML: green 
line.  

 

Statistical analysis 

Data were organized in Microsoft Excel® (Microsoft Windows) sheets prior 

to statistical analysis, which was conducted on GraphPad Prism 6.01 (San Diego, 

CA, USA).  

Continuous outcomes underwent the Shapiro-Wilk’s normality test followed 

by Student’s paired t test or Wilcoxon’s test to check for differences regarding the 

right and left sides; to check for differences between continuous outcomes at the 

same side (i.e. right versus right and left versus left sides), the Shapiro-Wilk’s 

normality test was performed and followed by the One-Way ANOVA or the Kruskal-

Wallis test. To correct the p-value for multiple comparisons, the Tukey’s or Dunn’s 

multiple comparisons post-hoc tests were also performed for One-Way ANOVA 

and Kruskal-Wallis test, respectively.   
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Categorical outcomes were compared using the Fisher’s exact test. The 

inter-rater agreement level was measured using the intra-class correlation 

coefficient. For all analysis, the significance and confidence levels were set, 

respectively, at 5% and 95%.   

 

RESULTS 

 

The intra-class correlation coefficient showed an almost perfect agreement 

between assessors (ICC=0.994, 95% confidence interval: 0.988-0.996).   

The Table 1 shows the means (yeas) distribution between males and female 

sexes. 

 

Table 1. Means (years) of the sample used in the study. 

 ALL MALES FEMALES 

MEAN (years) 57.31 

 

54.00 

 

59.58 

 

STANDARD 

DEVIATION 

+/- 

20.37 
 

+/- 

16.15 
 
 

+/- 22.82 

 

 

 

With the exception of measures involving SOF-FML, all continuous 

outcomes showed a statistically significant result for comparisons between right 

and left sides.  

Table 2 and Figure 2 summarize the results of continuous outcomes 

obtained in the present study.  

When the supraorbital, infraorbital, and mental foramens of the same side 

were compared (i.e. right versus right or left versus left sides), a statistically 

significant result occurred for all comparisons for both sides regarding male and 

female individuals (right side, male = < 0.0001; right side, female = < 0.0001; right 

side, both = < 0.0001; left side, male = < 0.0001; left side, female = < 0.0001; left 

side, both = < 0.0001).   

Analysis regarding categorical outcomes showed no statistically significant 

differences (p>0.05).   
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Figure 2. Means and standard deviation of continuous outcomes regarding right 
and left sides involving all individuals. SOF-FML = distance from the supraorbital 
foramen to the facial midline; IOF-FML = distance from the infraorbital foramen to 
the facial midline; MF-FML = distance from the mental foramen to the facial 
midline; * = indicates a statistically significant result for comparisons between right 
and left sides.   
 
 
Table 2. SOF-FML = distance from the supraorbital foramen to the facial midline; 
IOF-FML = distance from the infraorbital foramen to the facial midline; MF-FML = 
distance from the mental foramen to the facial midline; SD = standard deviation. * = 
indicates a statistically significant result.  
  

  SOF-FML  IOF-FML  MF-FML  

Right side  Left side  p-

value  
Right side  Left side  p-

value  
Right side  Left side  p-

value  
Mean

  
SD  Mean

  
SD  Mean

  
SD  Mean

  
SD  Mean

  
SD  Mean

  
SD  

Male  24.80  
  

+/- 

4.079

  
  

24.68  
  

+/- 

4.207

  
  

0.8668

  
  

26.07  
  

+/- 

2.619

  
  

27.75  
  

+/- 

2.858

  
  

< 

0.0001*

  
  

20.87  
  

+/- 

3.211

  
  

23.81  
  

+/- 

3.288

  
  

< 

0.0001*

  
  

Female

  
22.70  

  
+/- 

4.787

  
  

22.05  
  

+/- 

4.947

  
  

0.5883

  
  

25.03  
  

+/- 

2.158

  
  

26.58  
  

+/- 

2.679

  
  

0.0004*

  
  

20.05  
  

+/- 

3.128

  
  

22.67  
  

+/- 

2.639

  
  

0.0013*

  
  

Both  23.98  
  

+/- 

4.460

  
  

23.62  
  

+/- 

4.678

  
  

0.9753

  
  

25.66  
  

+/- 

2.492

  
  

27.29  
  

+/- 

2.836

  
  

< 

0.0001*

  
  

20.55  
  

+/- 

3.190

  
  

23.37  
  

+/- 

3.091

  
  

< 

0.0001*
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DISCUSSION  
 
 

The present work performed a descriptive observational study of the 

anatomical characteristics of facial foramina in three-dimensional models of dry 

skulls obtained from CT scans. This research provides details of extreme value 

and importance for performing various procedures on the face and help surgeons 

to execute, more safely, nerve blocks and periosteal dissections around the facial 

foramina. 

Facial foramina are noble structures which important nerves and vessels 

emerge (12). From a surgical point of view, they are located near important 

regions, such as the oral, orbital and nasal regions. Therefore, it is relevant for 

dental and medical professionals to know its exact location (13), for better 

execution of maxillofacial, aesthetic and anesthetic surgical procedures (14). The 

SOF is an extremely important structure in maxillary facial surgeries, especially in 

plastic eye surgery, biopsies, blepharoplasty and even in hair transplants, besides 

the supra nerve block. orbital, it is usually made in the foramen region (15). The 

IOF is the structure to be bathed by the anesthetic solution for the dental treatment 

of the maxillary incisors and canines, and it is also the structure that should be 

avoided having botulinum toxin in an eventual correction of gingival smile (16). The 

importance of IOF, and its location, also extends to the area of maxillofacial 

surgery, orbital floor reconstructions, and Caldwell-Luc accessions (17,18). MF 

studies show that it may vary in height in relation to the mandibular base, position 

in relation to the lower teeth and its shape, oval or rounded (19). In addition to 

these characteristics, MF can be variable among populations (20), justifying further 

studies. 

 We considered the sex of the skulls, although the locations of the foramina 

are known, the study concluded here is in a mixed population and it is known that 

there may be anatomical variation due to differences in craniofacial biotype and 

morphology (21). A concept that may also explain the differences between our 

results, which found that there is a significant difference in the position of the 

foramina for both sides between sexes according to table 1, unlike Aziz (8) and 

Saylam (9), which found no significant difference. 

Our results revealed statistical differences when comparing the right and left 

sides of all skulls, except for the SOF, partially expected data, because in a sample 
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of skulls the side differences could be explained due to the increased function of a 

preferred chewing side, random asymmetry of the facial skeleton or the preferred 

chewing side became the hemiarch with longer duration (22).  

Our results are in agreement with Nanayakkara et al. (23) that the majority 

of the skulls, the IOF were located lateral to the vertical plane.  These skulls, during 

aging,  show severe changes in this region of the face, including depth and height 

(24). 

In case of SOF, the no significance difference may be due to the region in 

which it is located, since the main structural changes due to aging occur in the 

middle third of the face, especially in the regions of the orbital margins and the 

piriform aperture of the maxilla, which reach the peak of projection in adulthood 

and progressively lose volume (23, 24). The SOF was not influenced because its 

location is in frontal bone, not affected by the structural changes, especially the 

reduction of teeth, jaw height, resulting in decreased height of the lower and middle 

thirds of the face (25).  

Despites of the traditional concept used to apply the regional anesthetic 

nerve block that the ramifications of the three important parts of the trigeminal 

nerve at the supraorbital, infraorbital, and mental foramen are dispersed on a 

vertical line (in anterior view) going through the center of the pupil (12),  the 

present work showed in 3-D morphometric analysis that we did not find foramina 

alignment in any of those studied, that should be taken into consideration with 

special attention to the Brazilian population mainly during surgical manipulation 

and administering regional nerve block. 
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3 CONCLUSÃO 

As análises morfométricas realizadas permitiram concluir que não há 

alinhamento dos forames na amostra estudada. Mas também pudemos verificar 

que há uma diferença na posição dos forames em relação ao sexo, e lado, 

diferentemente de outros estudos citados em nosso estudo. Este estudo mostrou-

se importante para o planejamento e execução de diversos procedimentos 

médicos, odontológicos e estéticos na face. 
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ANEXO 1: Comprovante de submissão 
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ANEXO 2: Certificação do Comitê de Ética 
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ANEXO 3: Comprovante de verificação no software anti-plágio 

 
 


