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ABSTRACT

 The incidence of the cranial variations has been investigated in human populations 
worldwide. Some specific variations, such as metopic suture and Inca bone, are of clinical 
importance since they might be misdiagnosed as skull fractures in patients with traumatic 
head injury. The purpose of this study is to investigate the incidence and morphology of the 
metopic suture and Inca bone in Thai skulls. The crania from the skeleton collection of 
the Department of Anatomy, Faculty of Medicine, Chiang Mai University, were examined. 
From our observation, 7.3% presented with metopic suture; the incomplete type was found 
in 6.0% and the complete type was found in 1.3%. Different types of the Inca bone were 
also detected in 2.0%. Among these, 2 skulls happened to coexist with the complete metopic 
suture and multiple ossicles. The combination of multiple variations in a single braincase 
is rare. Therefore, the morphometric data and radiography of both skulls were later 
recorded. The external morphology of such variations mimicked the skull fracture. The 
cranial radiographs revealed that the metopic suture and additional bones appeared to have 
sclerotic margins which cannot be found in fractured skull. The physician should take these 
variations into account to avoid unnecessary management in patients with a history of head 
trauma. Concerning its uniqueness, it might also be a useful tool as personal identification 
in forensic medicine by comparing skulls with the antemortem radiographs.
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INTRODUCTION

 Metopic or frontal suture is a fibrous connection between the two halves of the frontal 
bone of the cranium. Previous literature stated that this suture is usually obliterated within two 
years of age (Skrzat et al., 2004). However, its closure may occur as early as three months 
postpartum (Vu et al., 2001) or delay until early school age (Skrzat et al., 2004). In some cases, 
the metopic suture persists beyond normal fusion timing and fails to close. This condition is 
called persistent metopic suture which is classified into two types: complete and incomplete. 
The incidence of persistent metopic suture reported by previous studies (Ajmani et al., 1983; 
Baaten et al., 2003; Castilho et al., 2006) varies between 0 and 35% in different racial groups. 
 The Inca bone (Os incae) is a separate bone located at the posterior part of the cranium. 
It can occasionally be found behind the lambda and situated above the highest nuchal line. 
Several investigators have reported its variation in number, size, shape, symmetry and 
frequency in different populations (Srivastava, 1977; Pal et al., 1984; Sasexna et al., 1986; 
Hanihara and Ishida, 2001a). Its incidence has been described as roughly 0 – 15.0%.
 The knowledge of the anatomical variations is essential for medical practitioners. 
It helps doctors refrain from unnecessary investigation and treatment, and is also used to 
identify individuals in forensic medicine. The appearance of the metopic suture and Inca 
bone is of clinical importance since they were clearly seen from the radiographs, and might 
be misdiagnosed as skull fractures in patients with a history of head trauma (Baaten et al., 
2003; Nayak, 2008). In 2007, Bademci et al. demonstrated a 43-year-old woman complaining 
a headache with previous head trauma. Her radiograph showed a midfrontal vertical line. 
The definitive diagnosis was later confirmed as the persistent metopic suture by the 3D CT 
and Multiplanar Reformat scans. They stated that this variation can mimic the skull fracture. 
Another, the presence of cranium variations could be used as personal identification in forensic 
medicine. Fujita et al. (2002) reported that the Inca bones were incidentally discovered in two 
skulls during an autopsy. Individual identification was then taken by comparing the skulls 
with antemortem cranial radiographic images. 
 From our literature review, the incidence of metopic suture and Inca bone was not 
clarified in Thai population living in the north region. Therefore, the purpose of this study is 
to investigate the incidence and morphology of the metopic suture and Inca bone in northern 
Thai skulls.

MATERIALS AND METHODS

 Adult human skulls were obtained from the modern skeleton collection at Department 
of Anatomy, Faculty of Medicine, Chiang Mai University. The protocol was considered to be 
ethically approved by the Research Ethics Committee of Faculty of Medicine, Chiang Mai 
University. Crania with incomplete calvaria and gross pathologic condition were excluded from 
the study. Then, the appearance of metopic suture and Inca bone was carefully inspected by 
two researchers. Morphometric data of the skulls with combination of the interested variations 
were recorded by using an outside joint caliper (Sanwa Seiki, Japan). The radiographic 
imaging was later undertaken by a general X-ray machine (Shimadzu Corporation, Japan). 
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The cassette holder was horizontally aligned, on which each skull was placed in the face-
up manner. The X-ray beam was set to pass through it in an above-to-below direction. To 
minimize the unclearness of the image quality, any materials were neither used to support nor 
fix the skulls during radiography.
 The data were analyzed by Chi square test using SPSS 22.0 (SPSS Inc. Chicago, IL).  
A P-value < 0.05 indicated the statistical significance.

RESULTS

 One hundred and forty nine (107 males and 42 females) skulls with age range between 
27 – 93 years were examined. Table 1 displays the relationship between the presence of each 
variation and sexes. Metopic suture was found in both incomplete (6.0%) and complete (1.3%) 
types. Different types of the Inca bone were detected in 3 (2.0%) skulls. The results displayed 
that the incidence of the complete type of metopic suture was lower than the incomplete one.

Table 1. Sex differences in the incidence of interested cranial variations.

Variations Male Female

Metopic suture
 - Complete
 - Incomplete

2
2

0
7

Inca bone 3 0

 Table 2 shows that the complete metopic suture was present only in male skulls, and 
female skulls just exhibited the incomplete type. The incidence of the metopic suture was 
significantly different between males and females (P = 0.002). Additionally, the Inca bone was 
found only in male skulls (Table 3). However, from the statistical analysis, the presence of the 
Inca bone was not sexually dimorphic (P = 0.273).

Table 2. Comparison of the incidence of the metopic suture between male and female.

Sex
Metopic suture N (%)

Complete Incomplete Absent
Male 2 (1.9)   2 (1.9) 103 (96.3)
Female 0 (0.0) 7 (16.7)   35 (83.3)

Table 3. Comparison of the incidence of the Inca bone between male and female.

Sex
Inca bone N (%)

Present Absent
Male 3 (2.8) 104 (97.2)
Female 0 (0.0) 42 (100.0)
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 Out of the three skulls with Inca bone, 2 skulls happened to coexist with the complete 
metopic suture and multiple ossicles. The radiographic imaging was later undertaken. The 
details were as follows:

Skull 1
 The skull belonged to a male who died of asphyxia from drowning at the age of 72 
years. The additional midline suture was 10.8 cm long with a serrated pattern. It ascended 
continuously from the nasion to the coronal suture, dividing the frontal bone into two halves 
(Figure 1a). 
 Caudal to the bifurcation of the sagittal suture was a diamond-shaped Inca bone which 
was located centrally between the two parietal bones and one occipital bone (Figure 1b). Its left 
and right horizontal and vertical diagonal lines were measured 6.9 and 6.5 cm, respectively. 
Its inferior angle was located approximately 1.5 cm above the external occipital protuberance. 
According to the classification by Hanihara and Ishida (2001a), the appearance belonged to 
the type V. 
 In the vicinity of the lambdoid suture were noted small wormian bones. As shown 
in Figure 1b, three and four wormian bones were found on the left and right sides of the 
lambdoid suture, respectively.
 The radiographic image of this skull resembled the Water’s view. It showed asymmetrical 
frontal sinuses (Figure 2), whose left side was larger in size than the right one. Both sides 
were classified as the medium-sized ones according to Guerram et al. (2014). The additional 
metopic suture appeared to have sclerotic margins.

Figure 1. The skull 1. (a) Anterior view; arrowheads indicate the metopic suture. (b) Posterior  
 view; an Inca bone is located in the middle below the lambda. An asterisk (*)  
 indicates the external occipital protuberance. Two asterisks (**) indicate the Inca  
 bone. Arrows specify some wormian bones.
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Figure 2. The radiograph shows asymmetrical frontal sinuses in the skull 1. An asterisk (*)  
 and two asterisks (**) indicate the right and left frontal sinuses, respectively.  
 Arrowheads specify the margin of the sinuses. Arrows indicate the sclerotic  
 appearance of the metopic suture.

Skull 2
 The cranium belonged to a male who deceased at unknown age. The additional suture 
was 11.4 cm long and ran vertically from the nasion to the coronal suture (Figure 3a).
 A triangular-shaped Inca bone was found below the left side of the lambdoid suture 
and above the highest nuchal line (Figure 3b). Its maximum length and breadth were 4.6 and 
2.9 cm, respectively. According to the classification by Hanihara and Ishida (2001a), it was 
classified as the type I.
 One ossicle was found at the lambda, and small wormian bones were also found in the 
territory of the lambdoid suture (Figure 3b). On the left and right sides of the lambdoid suture, 
one and two small bones were demonstrated, respectively. The external occipital protuberance 
was very prominent.
 The radiograph of this skull appeared similar to the postero-anterior (PA) view image 
which revealed bilaterally medium-sized frontal sinuses according to the classification by 
Guerram et al. (2014) (Figure 4). The metopic suture also had sclerotic margins as seen in the 
radiograph of skull 1.
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Figure 3. The skull 2. (a) Anterior view; arrowheads indicate the metopic suture. (b) Posterior  
 view; an asterisk (*) indicates the prominent external occipital protuberance. Two  
 asterisks (**) indicate the Inca bone. Arrows specify wormian bones.

Figure 4. The radiograph shows bilateral frontal sinuses in the skull of Case 2. An asterisk  
 (*) and two asterisks (**) indicate the right and left frontal sinuses, respectively.  
 Arrowheads specify the margin of the sinuses. Arrows indicate the sclerotic  
 appearance of the metopic suture. Dotted line delineates the borders of the Inca  
 bone.
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DISCUSSION

 The incidence of the persistent metopic suture, reported by previous studies, was found 
to be 1.8% in Lebanese, 3.3% in British, 7.5% in Northeastern Thai, 7.0 – 9.7% in Brazilian, 
2.0 – 85.0% in Indian subpopulations, 11.5% in Nepalese, 35.0% in Nigerians, and 3.3 – 
75.0 % in Anatolian. The incomplete type is more commonly found than the complete type 
(Berry, 1975; Ajmani et al., 1983; Baaten et al., 2003; Bilodi et al., 2003; Castilho et al., 
2006; Eroğlu, 2008; Hussain Saheb et al., 2010; Manalgiri et al., 2010; Yadav et al., 2010; 
Chandrasekaran and Shastri., 2011; Murlimanju et al., 2011; Chakravarthi and Venumadhav, 
2012; da Silva et al., 2013; Nallathamby et al., 2013; Masih et al., 2013; Pilli and Sunder, 
2013; Aksu et al., 2014; Khandare et al., 2014; Kumar and Rajasekar, 2014; Saikia 2014; 
Santhosh et al., 2014; Wadekar et al., 2014; Arumugam and Arrchana, 2015; Basha and 
Sugavasi, 2015; Khamanarong et al., 2015; Kumar and Rajshekar, 2015; Hemalatha and Rao, 
2016; Nayakanati et al., 2016; Kundu et al., 2017. Shrestha et al., 2017; Singh et al., 2017). 
In the present study, nine crania (6.0%) displayed an incomplete metopic suture, while two 
crania (1.3%) were found to display a complete metopic suture. Accordingly, it could be 
assumed that the complete type of metopic suture occurred less common than the incomplete 
one. Berry (1975) and Eroğlu (2008) reported that the incidence of persistent metopic suture 
occurred without sex preference. Contrarily, our results showed that there was a significant 
sexual dimorphism of the incidence of metopic suture (P = 0.002). This dissimilarity could be 
resulted from the less number of female skulls.
 Nakatani et al. (1998) reported that there was no other anomalous finding in the skull 
with the complete metopic suture. Baaten et al. (2003) studied Lebanese skulls and discovered 
that a complete type of metopic suture coexisted with the absence of the frontal sinus in seven 
out of eight subjects.
 Torgersen (1951) stated that the existence of metopic suture was influenced by genetics, 
whereas some other studies suggested that the process of sutural closure was related to many 
more possible factors, including genetic, hormonal, vascular and mechanical factors with a 
great degree of variability (Moss, 1958; Madeline and Elster, 1995; Magherini et al., 2015).
 The incidence of the Inca bone has been described by several researchers as roughly  
1.0 - 4.0% in Indian subpopulations, 2.0% in West Anatolian, and 2.5% in Nigerians (Srivastava, 
1977; Pal et al., 1984; Sasexna et al., 1986; Cirpan et al., 2014). Hanihara and Ishida (2001a), 
who studied in large geographical samples, reported that the frequency distribution of the 
Inca bone varies between 0 and 12.7%. The incidence of the Inca bone found in this study was 
2.0% being within the reported range.
 The occipital squama consists of a supraoccipital bone and an interparietal bone. 
Embryologically, it has a combined origin from both membrane and cartilage. While the 
interparietal portion forms in membrane, the supraoccipital portion forms in cartilage 
(Franken, 1969; Madeline and Elster, 1995). Occasionally, the different embryonic origins 
give rise to the separation of the membranous occipital squama from the remaining part of the 
occipital bone, known as the Inca bone.
  The Inca bone, in addition, can be easily confused with Wormian bones due to the 
similarity of their shapes. While the Inca bone is a large geometric-formed bone located in the 
territory of the occipital squama above the highest nuchal line (Shapiro and Robinson, 1976; 
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Hanihara and Ishida, 2001a), Wormian bone is a small, irregular-shaped bone arising from an 
additional ossification center within the cranial sutures (Hanihara and Ishida, 2001b; Nayak, 
2008). Its occurrence varies in size and number (Hanihara and Ishida, 2001b; Cirpan et al., 
2015; Praba and Venkatramaniah, 2015; Nikolova et al., 2016; Sah et al., 2017). O’Loughlin 
(2004) previously reported that the presence of wormian bones was noticed in deformed 
skulls, but the cause of their formation is still undetermined.
 Complete metopic suture, additionally, was reported to be associated with prominent 
external occipital protuberance (Baaten et al., 2003). In the present study, the prominent 
external occipital protuberance was found to display in one out of two subject skulls.
 There were several studies on the correlation between the presence of complete 
metopic suture and the development of the frontal sinus. Baaten et al. (2003) reported that 
there was a significant correlation between the presence of complete metopic suture and the 
development of the frontal sinus. On the other hand, Bilgin et al. (2013) reported that there 
was no significant correlation between them. Our results were consistent with the findings of 
Bilgin et al. (2013). Our two cases had bilaterally medium-sized frontal sinuses. Of the cases 
with complete metopic suture reported by Guerram et al. (2014), 40.5% had the medium-sized 
frontal sinuses.
 Das et al. (2005) reported a case that the subject skull exhibited an incomplete metopic 
suture, an Inca bone, asymmetrical frontal sinuses and multiple sutural deformities. The result 
of this study is similar to that of the present study, except for a complete type of the metopic 
suture. During our literature review, there has hitherto been no report on the coincidence 
of a complete metopic suture, bilateral frontal sinuses, an Inca bone and multiple wormian 
bones in a single cranium. As formerly discussed, the occurrence of the combination of such 
multiple variations in a skull is rare, which makes these cases unique.
 Metopic suture, both complete and incomplete types, is a very interesting clinical case. 
Radiographic evidence showed that they might mimic skull fractures (Baaten et al., 2003; 
Nayak, 2008), particularly in patients with a history of head trauma. The essential finding of 
serrated and sclerotic margins of such a suture and bones can be applied to distinguish them 
from fractures (Das et al., 2005). A metopic suture in the Chamberlain-Towne projection can 
simply be identified by proving its extension into the foramen magnum, which indicates its 
frontal position (Franken, 1969). Aside from its radiological importance, the presence of any 
anomalies in a cranium could be used as personal identification in forensic medicine. Fujita 
et al. (2002) and Badkur et al. (2011) reported that the Inca bones were accidentally found in 
the skulls of individuals during the forensic autopsy. Their identifications were later done by 
comparing the skulls with antemortem cranial radiographs. 

CONCLUSION

 Cranium variation may occur to some extent. The simultaneous occurrence of a complete 
metopic suture, an Inca bone and multiple wormian bones in a single skull is rare. It can be 
concluded that the knowledge of the development and anatomical variation from person to 
person is beneficial to clinicians because of the possibility that such multiple variations could 
be encountered in clinical practice and lead to misdiagnoses.
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