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            Abstract

            
               
Background: Asterion is the point of sutural confluence present on the norma lateralis of the skull. Occasionally sutural bones are present
                  at asterion. Asterion is commonly used as a surgical landmark for the lateral approach of the cranial fossa. So, the knowledge
                  on the incidence of the presence of sutural bones at the asterion is important for surgeons. Thus the present study was undertaken
                  to find out the incidence of the occurrence of the sutural bones present at the asterion. Subjects and Methods: 70 skulls were collected from the department osteology section. The damaged bones were excluded from the study. A total of
                  140 asterions were studied. All the skulls were observed and the incidence of type 1 and type 2 asterion was recorded on both
                  sides. The incidence of the multiple sutural bones was also recorded on both the right and left sides. Results: The incidence of type 2 asterion was observed to be higher than the type 1 asterion. The incidence of type 1 and type 2 sutural
                  bones was observed as 27.86% and 72.14% respectively. The incidence of the multiple sutural bones at the asterion was observed
                  as 14.29%. Conclusion: The data on the incidence of occurrence of sutural bones which was presented in the present study may be of great use to the
                  radiologists and neurosurgeons for a better diagnosis and to minimize the complications while performing lateral approaches
                  of the cranial fossa.  
               

            
         

         
            Keywords

            Asterion, Sutural bone, Skull.

         

         

      

      
         
               Introduction

            Asterion is the meeting point of parietal, temporal, and occipital bones where the confluence of the lambdoid, the parietomastoid
               and the occipitomastoid sutures occur. The presence of sutural bones at this point was reported and the incidence of occurrence
               of the sutural bones varies among the different ethnic populations. The main cause of the formation of sutural bones in the
               asterion is unclear. Literature suggests that it may be due to the additional ossification centres occur near the sutures,
               or maybe due to the pathological causes related to hydrocephalus. Some authors believe that the formation of sutural bones
               in asterion develops as the normal process with the influence of genes.[1] The asterion is used as a surgical landmark for the lateral approach to the posterior cranial fossa for various surgical procedures
               such as transmastoid approach, retrosigmoid approach for the treatment of trigeminal neuralgia to decompress the trigeminal
               nerve root or to remove the neuromas.[2,3] 
            

            Sutural bones are the accessory bones that are present within the cranial sutures. Numerous sutural bones are commonly found
               in the lambdoid suture and fontanelles but are rarely observed in other sutures.[4,5] As the sutural bones are commonly observed at the fontanelles, the asterion is a site of closure of the posterolateral or
               mastoid fontanelles. Based on the presence or absence of the sutural bones the asterion was morphologically classified into
               two types. The presence of the sutural bones at asterion is type 1 and the absence of the sutural bones at asterion is type
               2.[6]

            The presence of the sutural bones at asterion may cause difficulties in the surgical approaches and lead to complications.
               The presence of the sutural bones may also mislead the radiologists and neurosurgeons in the diagnosis of fractures in case
               of head injuries. The knowledge of the variations in the asterion is important for radiologists and neurosurgeons which may
               be of great importance while dealing with the lateral approach of the posterior cranial fossa or head injuries.[1] Thus the present study was aimed to find out the incidence of occurrence of the sutural bones at the asterion.
            

         

         
               Subjects and Methods

            The study was conducted on 70 adult dry human skulls of unknown sex in which 140 asterions were studied (70 right and 70 left).
               The skulls damaged at the asterion region were excluded from the study, only intact bones were included. All the skulls were
               examined and the types of the asterion were noted based on the sutural bones. The skulls with the presence of sutural bones
               at the asterion were considered as type 1 asterion and the skulls without any sutural bones at the asterion were considered
               as the type 2 asterion. The incidence of type 1 and type 2 asterions and the occurrence on the right and the left sides were
               recorded. The incidence of the presence of multiple sutural bones was also recorded on both the right and left sides.
            

         

         
               Results

            The presence of the sutural bones (type 1) was observed in 39 sides out of 140 sides and the incidence was observed as 27.86%
               (39 out of 140 asterions). The incidence of sutural bones on the right side was observed as 24.28% (17 out of 70 asterions)
               and 31.43% (22 out of 70 asterions) on the right and left sides respectively. The incidence was a little higher on the left
               side when compared to the right side. Type 1 asterion was observed bilaterally in 10% (7 out of 70 asterions) of skulls. Multiple
               sutural bones were observed in 7.14% (10 out of 140 asterions) of the skulls and the side-wise incidence was observed as 5.71%
               (4 out of 70 asterions) on its right side and 8.57% (6 out of 70 asterions) on the left side. The incidence of the multiple
               sutural bones was also higher on the left side when compared with the right side. The type 2 asterion was observed as the
               predominant type and the incidence was observed as 72.14% (101 out of 140 asterions) and the sidewise incidence was 75.71%
               (53 out of 70 asterions) and 68.57% (48 out of 70 asterions) on the right and left sides respectively. 
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                     Showing the type 1 
                     Asterion
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                     Showing the type 2 
                     Asterion
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                  Figure 3

                  
                     Showing th
                     e 
                     Asterion with multiple sutural bones.
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               Discussion

            The asterion, mastoid process, suprameatal crest, and the external occipital protuberance are the common points that serve
               as bony landmarks to analyze the posterolateral surface of the skull and are also important for neurosurgeons and radiologists
               in the diagnosis and treatment. The posterior cranial fossa has a dense collection of neurovascular structures which are closely
               packed in a small area and cause difficulties in various surgical approaches which may also lead to medical errors in surgery.[7,8,9] Thus the present study was undertaken to find out The incidence of the presence of the sutural bones was observed as 27.86%.
               The incidence of type 1 and type 2 asterions. The incidence of the presence of the sutural bones was observed as 27.86%. The
               incidence of type 1 and type 2 asterions as it is used as a surgical landmark for various surgical approaches in neurosurgery.
            

            There are different theories to explain the formation of sutural bones, according to Gray’s anatomy it was due to the appearance
               of additional ossification centres near the sutures. Hess and Finkel explained it as the result of pathological factors such
               as hydrocephalus. Another study by Opperman et al., explained an association between the dura mater and skull bones and found
               dura mater plays a role in the formation of sutural bones.[10,11,12,13] Literature suggests that there is a genetic factor responsible for the formation of the sutural bones. The MSX gene expression
               plays a task in the development of bones of the cranial cavity by influencing the differentiation and therefore the proliferation
               of the osteogenic cells. MSX genes are also needed to suppress osteogenic programs. Thus, the inhibition of the repressive
               activity of MSX gene may lead to the formation of sutural bones.[14]

            In the present study, the incidence of type 2 (absence of sutural bones at asterion) is a predominant type with an incidence
               of 72.14%. The incidence of the presence of the sutural bones was observed as 27.8%. The incidence of type 1 and type asterions
               of the present study was compared with the other studies. In the Brazilian population, the incidence of type 1 was observed
               as 31.67% and type 2 was 68.3%. According to their observations, type 1 was more common in males and on the left side whereas
               type 2 was common in females and on the right side.[15] These results coincide with the results of the present study where type 1 was more common on the left side and type 2 in
               the right side, but the overall incidence is higher than the present study. 
            

            Mwachaka et al., observed the presence of sutural bones at asterion (Type 1) in 20% and absence of sutural bone in 80% of
               the Kenyan population. Leon et al., observed the sutural bones at asterion in 25.6% and the absence of sutural bones 2 in
               74.4 % in the Mexican population.[16] Hussain et al., observed the presence of the sutural bones in 23.15% of the Indian population.[17] In these studies type 2 was the most common and the incidence of occurrence of the sutural bones was nearer to the present
               study were the incidence of type 1 was observed as 27.8%. The incidence of the multiple sutural bones was not mentioned in
               these studies and the present study reported the incidence of the multiple sutural bones at asterion 7.14%. The presence of
               multiple sutural bones may, even more, increase the risk to the surgeons while performing the lateral skull approaches. 
            

         

         
               Conclusion

            The presence of sutural bones may confuse radiologists as the sutural bones can be misinterpreted as fractures. The results
               of the present study may help the surgeons while performing the burr hole surgeries of lateral cranial base as the asterion
               is used as a surgical landmark. The knowledge on the incidence of single or multiple sutural bones may help the surgeons while
               planning the surgeries to avoid complications.
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