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ABSTRACT 

 

Background 

The pterion is a crucial anthropological landmark in the Norma lateralis of the skull, forming 

a H-shaped area above the zygomatic arch. It is formed by the meeting of the frontal, parietal, 

sphenoid, and temporal bones and shows sphenoparietal, frontotemporal, epipteric, stellate, 

and synostotic types. The pterion overlies critical structures, including the middle meningeal 

artery, Broca's area, insula, and anterior cisterns. This region, the weakest part of the skull, 

lies over the middle meningeal artery, making it prone to extradural hematoma from trauma. 

This study analyzed pterion types and morphometric distances from key bony landmarks, 

providing data that are beneficial to anatomists, neurosurgeons, and anthropologists. 

Methods 

An observational study was conducted on 50 dry adult human skulls. Morphological patterns 

and symmetry of the pterion were observed on both sides, and measurements from the pterion 

to various bony landmarks were recorded using a Vernier caliper. Statistical analysis was 

performed using an unpaired t-test with IBM SPSS Version 21. 

Results 

The most prevalent pterion pattern was sphenoid-parietal (72%), followed by epipteric 

(10%), synostotic (8%), frontotemporal (6%), and stellate (4%). Thirty-eight of the 50 skulls 

(76%) showed bilateral symmetry, and 12 (24%) showed asymmetry. The distance from the 

pterion center to the frontozygomatic suture (PSFZ) on the right and left sides was 

31.44±3.51 mm and 31.30±3.44 mm, respectively. The distance from the pterion center to the 

zygomatic arch (PZA) on the right and left sides was 39.21±2.11 mm and 39.24±1.81 mm, 

respectively. 

Conclusion 

The sphenoparietal suture is the most prevalent type of pterion. The average linear 

measurements of the pterion from various cranial landmarks are crucial for neurosurgical 

planning, particularly for operations involving the anterior and middle cranial fossae and can 

improve patient outcomes. The findings may benefit anatomists, neurosurgeons, forensic 

pathologists, and anthropologists. 
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INTRODUCTION 

The pterion (Sylvian point) serves as a crucial anthropological landmark in the Norma 

lateralis of the skull. Located within the temporal fossa, it forms a small, H-shaped circular 

area above the zygomatic arch and posterior to the frontozygomatic suture. Its significance 

stems from its location at the junction of the frontal bone, sphenoidal angle of the parietal 

bone, greater wing of the sphenoid, and squamous part of the temporal bone. This 

intersection is where the coronal, sphenoparietal, sphenofrontal, sphenosquamous, and 

squamous sutures converge.[1] In neonatal skulls, this articulation corresponds to the 

anterolateral fontanelle, which closes 3–6 months after birth.[1,2] 

In 1875, Broca[3] identified three pterion types: sphenoparietal, frontotemporal, and 

stellate. In 1956, Murphy[4] added a fourth type: the epipteric. The sphenoparietal type shows 

direct contact between the sphenoid and parietal bones, forming a suture without frontal and 

temporal bone contact. In the frontotemporal type, the frontal and temporal bones meet 

directly without the sphenoid and parietal bones. The stellate type involves the convergence 

of the frontal, parietal, sphenoid, and temporal bones at one point. The epipteric type contains 

Wormian bones between the four bones. In 2006, Wang et al.[5] added zygomaticoparietal and 

zygomaticotemporal types, which are variations of the sphenoparietal and frontotemporal 

types. 

The pterion is frequently considered a critical area for various brain structures, 

including the anterior branch of the middle meningeal artery, Broca's area, insula, lateral 

sulcus, anterior Sylvian point, and anterior cisterns. These connections highlight their 

importance in neurosurgery.[6,7] This region, the skull's most fragile part, lies over the anterior 

division of the middle meningeal artery,[8] making it prone to rupture and the formation of 

extradural hematomas from blunt trauma.[9] The pterional approach, introduced by Yasargil et 

al.[10] is widely used for vascular structures and tumors and occasionally in surgeries 

involving Broca's motor speech area[11] and middle cerebral artery aneurysms.[12] Clinically, 

the variant patterns of the pterion can confuse clinicians during the diagnosis of lateral skull 

fractures in emergency conditions.[13] 

In the majority of studies, morphometric analysis of the distance from the center of 

the pterion to the established anthropological landmarks remains unexplored. Additionally, 

skulls with complete synostosis of the pterion suture were excluded from the study.[14] 

Consequently, the relationship between pterion sutural synostosis and factors like age or sex 

has not been examined. 

Studies have shown that pterion type and position vary significantly based on 

ethnicity, gender, and age.[15] This study provides insights into the anatomical differences in 

the pterion by analyzing the morphological types and their morphometric distances from the 

key bony landmarks of the skull. The results could provide foundational data regarding the 

pterion type and position in the examined population, benefiting anatomists, neurosurgeons, 

forensic pathologists, and anthropologists. This understanding is crucial for surgical planning 

and minimizing neurosurgical complications. This study aimed to evaluate the prevalence of 

pterion types and determine their locations using important bony landmarks. 

 

 

MATERIALS AND METHODS 
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This observational cross-sectional study was conducted in the Department of Anatomy, 

Konaseema Institute of Medical Sciences and Research Foundation, Amalapuram, India. 

Fifty dry adult human skulls of unknown age and sex from a bone bank in the department 

were included in this study. Damaged and deformed skulls were excluded from the study. 

The morphological patterns of the pterion were examined and recorded, as shown in figure 1. 

Measurements of the closest distance from the center of the pterion as the point of reference 

to important bony landmarks were taken, as shown in figure 2. All measurements were 

performed using a digital vernier caliper with an accuracy of up to 0.01 mm. 

The morphological patterns of the pterion are classified as sphenoparietal, 

frontotemporal, stellate, epipteric, and synostotic (Figure 1) and are shown in Tables 1 and 2. 

 

 
 

A. The sphenoparietal type shows direct contact between the sphenoid and parietal bones, 

forming a suture without the frontal and temporal bone contact. 

B. The frontotemporal type shows direct contact between the frontal and temporal bones, 

forming a suture without the sphenoid and parietal bone contact. 

C. The stellate type involves the convergence of the frontal, parietal, sphenoid, and 

temporal bones at one point. 

D. The epipteric type contains Wormian bone between the frontal, parietal, sphenoid, and 

temporal bones. 

E. The synostotic type shows complete synostosis of the pterion suture due to ossification, 

and the sutures are not visible. 

 

The following morphometric measurements were performed (Figure 2) and are shown in 

Table 3. 

1. PSFZ: This was measured as the distance from the center of the pterion to the posterior 

end of the frontozygomatic suture. 

2. PZA: This was measured as the distance from the center of the pterion to the zygomatic 

arch. 

3. PZAN: This was measured as the distance from the center of the pterion to the zygomatic 

angle. 

4. PH: This was measured as the distance from the center of the pterion to the Henle’s spine. 

5. PMP: This was measured as the distance from the center of the pterion to the mastoid 

process of the temporal bone. 

6. PI: This was measured as the distance from the center of the pterion to the inion. 

7. H-width: This was measured as the width of the horizontal limb of the H-shaped suture of 

the sphenoparietal or frontozygomatic type of the pterion. 
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Data analysis and visualization were performed using descriptive statistical 

techniques, such as mean, standard deviation, and percentage. Statistical analysis of the data 

obtained was performed using an unpaired t-test (p < 0.05 was considered significant) using 

the IBM SPSS Version 21. The results obtained in the current study were compared with 

those reported by various authors in their previous studies. 

 

 

RESULTS 

The results obtained from the examination of the morphological and morphometric features 

of 50 dry human skulls were documented. The classification and prevalence of the 

morphological patterns of the pterion and their bilateral symmetry are shown in Tables 1 and 

2. The distances from the center of the pterion to various important bony landmarks on the 

skull were measured (Table 3). 

 

Type of pterion 
Number present (N = 100) 

(50 right side and 50 left side) 
Percentage (%) 

Spheno-parietal 72 72 

Fronto-temporal 6 6 

Epipteric 10 10 

Stellate 4 4 

Synostotic 8 8 

Table 1: Classification and morphological patterns of the pterion and their prevalence 

observed in the present study 

 

It is evident from Table 1 that the most prevalent morphological pattern of the pterion 

was spheno-parietal (72%), followed by epipteric (10%), synostotic (8%), fronto-temporal 

(6%), and stellate (4%). 

 

Type of pterion Number present (N = 50) Percentage (%) 

Spheno-parietal 31 62 

Fronto-Temporal 1 2 

Epipteric 2 4 

Stellate 0 0 

Synostotic 4 8 

Total symmetric specimens 38 76 

Total asymmetric specimens 12 24 
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Table 2: Prevalence of bilateral symmetry of the types of pterion observed in the present 

study 

As shown in Table 2, 38 out of 50 skulls (76%) exhibited bilateral symmetry, which 

means that the same morphological pattern of the pterion was present on both the right and 

left sides. Twelve of the 50 skulls (24%) exhibited asymmetry, and the morphological 

patterns of the pterion varied on both the right and left sides. 

 

Parameter Right Mean±SD (mm) Left Mean±SD (mm) P-value 

PSFZ 31.44±3.51 31.30±3.44 0.686 

PZA 39.21±2.11 39.24±1.81 0.969 

PZAN 40.90±2.81 40.80±2.89 0.913 

PMP 81.32±5.08 80.98±5.04 0.836 

PH 59.78±1.99 59.30±3.01 0.971 

PI 130.43±5.01 130.20±5.06 0.891 

H - Width 11.36±2.42 11.12±2.08 0.742 

PSFZ – Distance from center of the pterion to the posterior aspect of frontozygomatic suture. 

PZA – Distance from center of the pterion to the zygomatic arch. 

PZAN – Distance from center of the pterion to the zygomatic angle. 

PH – Distance from center of the pterion to Henle’s spine. 

PMP – Distance from center of the pterion to the mastoid process of the temporal bone. 

PI – Distance from center of the pterion to the Inion. 

H-width – Width of the horizontal limb of H shaped suture of the pterion. 

Table 3: Mean and standard deviation of the distance between the center of the pterion and 

various bony landmarks on the skull observed in the present study 

 

The distance from the center of the pterion to the posterior aspect of the 

frontozygomatic suture (PSFZ) on the right and left sides was 31.44±3.51 mm and 

31.30±3.44 mm, respectively. The distance from the center of the pterion to the zygomatic 

arch (PZA) on the right and left sides was 39.21±2.11 mm and 39.24±1.81 mm, respectively. 

The distance from the center of the pterion to the zygomatic angle (PZAN) on the right and 

left sides was 40.90±2.81 mm and 40.80±2.89 mm, respectively. The distance from the center 

of the pterion to the mastoid process of the temporal bone (PMP) on the right and left sides 

was 81.32±5.08 mm and 80.98±5.04 mm, respectively. The distance from the center of the 

pterion to the Henle’s spine (PH) on the right and left sides was 59.78±1.99 mm and 

59.30±3.01 mm, respectively. The distance from the center of the pterion to the inion (PI) on 

the right and left sides was 130.43±5.01 mm and 130.20±5.06 mm, respectively. The width of 

the horizontal limb of the H-shaped suture of the pterion (H-width) on the right and left sides 

was 11.36±2.42 mm and 11.12±2.08 mm, respectively. No statistically significant differences 

were observed between the values measured and documented on the right and left sides, as 

the p-values observed for all parameters studied were greater than 0.05. 

 

 

DISCUSSION 

The pterion serves as a crucial anatomical reference point for neurosurgical and 

neurovascular procedures that employ the pterional approach.[16] Pterional craniotomy is one 

of the most frequently performed surgeries in neurosurgery. This operation provides access to 

tumors and lesions located in various regions of the brain. A thorough understanding of 

pterion morphometry and surface landmarks is essential for this procedure. Moreover, the 

pterion is the most fragile part of the skull and is situated above the anterior branch of the 
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middle meningeal artery. In the event of trauma, rupture of this vessel can result in 

hematoma, potentially causing life-threatening hemorrhage.[9] Various populations exhibit 

morphological and morphometric differences in pterion. These variations in pterion type are 

influenced by evolutionary, ethnic, and regional factors. Awareness of pterion variations is 

vital in forensic medicine, and anthropology fields. The prevalence of various morphological 

patterns of the pterion observed in the present study was compared with the prevalence of 

those patterns observed by different authors in populations of other regions in their earlier 

studies (Table 4). 

 

Author 
Population 

(Country) 

Spheno-

parietal 

(%) 

Fronto-

temporal 

(%) 

Epipteric 

(%) 

Stellate 

(%) 

Synostotic 

(%) 

Murphy[4] Australia 73.23 7.75 18.34 0.68 -- 

Ersoy et al[17] Turkey 96 3.8 9 0.2 -- 

Mwachaka et al[18] Kenya 66 15 12 7 -- 

Zalawadia et al[19] West Indies 91.7 2.4 4.8 1.2 -- 

Ilayperuma et al[20] Srilanka 74.04 4.81 21.15 -- -- 

Ma et al[21] New Zealand 78.3 5.2 16.4 -- -- 

Sunday et al[22] Nigeria 86.1 8.3 -- 5.6 -- 

Kamath et al[23] India 79.25 10.25 6.3 4.2 -- 

Oguz et al[24] Turkey 88 -- 10 2 -- 

Shenoy et al[25] India 77.33 -- 21.33 1.34 -- 

Uabundit et al[26] Thailand 62.1 5.2 11.7 1.2 18.5 

Present study India 72 6 10 4 8 

Table 4: Comparison of the prevalence of morphological patterns of the pterion observed 

in the present study with the prevalence of those patterns observed by various authors in 

populations of other regions in previous studies 

 

A review of the literature indicated that the human sphenoparietal type is the most 

prevalent, whereas the stellate type is the rarest. The epipteric and frontotemporal types 

appeared with varying frequencies. The prevalence of morphological patterns of the pterion 

observed in the present study were 72% sphenoparietal, 6% frontotemporal, 10% epipteric, 

and 4% stellate. These findings are similar to the observations made by Murphy, Ilayperuma 

et al., Ma et al., Kamath et al., and Shanoy et al. but were lower than those observed by Ersoy 

et al., Zalawadia et al., Sunday et al., and Oguz et al and higher than those observed by 

Mwachaka et al., and Uabundit et al. 

Comprehensive comparisons between studies were conducted by Dutt et al.[27] and 

Vasudha et al.[28] The type of pterion varies owing to evolutionary and racial differences. The 

development of the calvarium is closely aligned with brain growth, which might account for 

the predominance of the fronto-temporal type in monkey skulls,[5] as opposed to humans, 

where the spheno-parietal type is more prevalent to accommodate the expanding brain. 

According to Wang et al.[5] the causes of pterion variations are multifaceted and involve 

genetic and environmental influences. These factors may explain the significant differences 

in pterion morphology observed across various studies. However, the quality of the 

methodologies used in previous studies might also partially account for these discrepancies. 

Additionally, inter-observer variability contributes to increased heterogeneity between 

studies. 

In the current study, we followed the classification recommended by Uabundit et 

al.[26] and included complete synostosis of the pterion suture. We observed that the pterion 
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suture was absent on eight sides (four skulls), indicating possible obliteration of these sutures. 

Uabundit et al.[26] observed that the pterion suture was absent in 46 sides (23 skulls), all of 

which belonged to males. However, sex was not considered in the present study. 

Neurocranium development is a complex process that accommodates an expanding brain. 

This accommodation necessitates an increase in cranial volume, which is achieved through 

bone deposition at the osteogenic front.[29] The entire process is regulated by the mechanisms 

and interactions among the sutures, ossifying bones, and dural reflections.[30] Sutures are 

preserved through a balance of cellular proliferation, migration, differentiation, and 

apoptosis, maintaining a steady state between growth and separation.[31] Sutural obliteration 

differs from craniosynostosis, which is the early closure of cranial sutures in young age. 

Although the exact causes of premature fusion are not well understood,[32] it can lead to 

craniofacial deformities and other abnormalities.[33] 

The distance from the center of the pterion to different anthropological bony 

landmarks was measured and compared with the values recorded by various authors in their 

previous studies, as shown in Tables 5 and 6. 

 

Author 

Pterion to Frontozygomatic suture 

PSFZ 

Pterion to Zygomatic arch  

PZA 

Right side (mm) Left side (mm) Right side (mm) Left side (mm) 

Priya et al.[34] 31.68±5.58 31.18±5.82 38.87±3.63 37.84±3.99 

Sunday et al.[22] 31.87 ± 0.64 30.35 ± 0.83 39.74 ± 0.50 37.95 ± 0.65 

Ukoha et al.[15] 27.4 ± 0.07 27.4 ± 0.06 40.2 ± 0.05 40.1 ± 0.03 

Kamath et al.[23] 29.90±4.39 27.81±4.57 38.25±4.11 36.78±3.53 

George et al[35] 31.83 31.43 38.48 37.97 

Aksu et al[36] 31.80±4.51 31.44±4.73 40.02±4.06 39.88±4.01 

Present study 31.44±3.51 31.30±3.44 39.21±2.11 39.24±1.81 

Table 5: Comparison of the mean distance of the center of the pterion to the posterior 

aspect of the frontozygomatic suture and zygomatic arch observed in the present study with 

those values observed by various authors in previous studies 

 

Traditional studies have predominantly focused on measuring the distance between 

the pterion and the midpoint of the zygomatic arch and the posterolateral edge of the 

frontozygomatic suture. According to standard anatomy textbooks, the pterion is located 4.0 

cm above the zygomatic arch and 3.0-3.5 cm posterior to the frontozygomatic suture.[37] In 

the present study the mean distance from the center of the pterion to the posterior aspect of 

the frontozygomatic suture (PSFZ) on the right and left sides was 31.44±3.51 mm and 

31.30±3.44 mm, respectively which were similar to the values recorded by Priya et al, 

Sunday et al., George et al and Aksu et al. but higher than the values recorded by Ukoha et 

al., and Kamath et al. The mean distance from the center of the pterion to the zygomatic arch 

(PZA) on the right and left sides was 39.21±2.11 mm and 39.24±1.81 mm, respectively 

which were similar to the values recorded by Sunday et al but lower than the values recorded 

by Ukoha et al., Aksu et al. and higher than the values recorded by priya et al., Kamath et al., 

and George et al. No significant differences were observed in the distance from the center of 

the pterion to the frontozygomatic suture and the center of the zygomatic arch in any of the 

examined skulls. Consequently, these landmarks can be reliably used to identify the pterion, 

irrespective of side. 

Aksu et al.[36] in the population of Turkey extended this research by examining the 

pterion's distance from additional reference points, including the zygomatic angle, the 

mastoid process, and the external acoustic meatus. Uabundit et al.[26] also conducted their 



  
NeuroQuantology | June 2026 | Volume 24 | Issue 6 | Page 411-420 | doi: 10.48047/nq.2026.24.6. NQ26041 
Dr. Adabala N. V. V. Veerraju / A Preliminary Study of the Classification and Morphometric Features of the Pterion in Adult Human Dry 

Skulls  

Eissn: _1303-5150  418       www.neuroquan tology.com  

research on the population of Thailand and recorded the distance of the center of the pterion 

to different bony landmarks on the skull, such as the zygomatic angle, mastoid process, 

Henle’s spine, and inion. 

 

 

Parameter 

Uabundit et al (26) Aksu et al. (36) Present study 

Right side 

(mm) 

Left side 

(mm) 

Right side 

(mm) 

Left side 

(mm) 

Right side 

(mm) 

Left side 

(mm) 

PZAN 40.5±5.0 38.5±4.6 41.54±4.95 41.35±5.14 40.90±2.81 40.80±2.89 

PMP 85.4±5.1 84.2 4.5 82.48±5.45 81.81±5.50 81.32±5.08 80.98±5.04 

PH 60.9±4.5 60.8±3.2 53.29±4.55 56.22±4.60 59.78±1.99 59.30±3.01 

PI 130.7±5.5 131.6±5.3 -- -- 130.43±5.01 130.20±5.06 

H-Width 10.4±4.7 10.7±4.6 -- -- 11.36±2.42 11.12±2.08 

Table 6: Comparison of the mean distance of the center of the pterion to different bony 

landmarks on the skull observed in the present study with those values observed by various 

authors in previous studies 

 

There were no differences between the mean values for the distances between the 

center of the pterion and the zygomatic angle (PZAN) and mastoid process (PMP) in the 

present study and those reported by Uabundit et al. and Aksu et al. However, minor 

differences existed in the mean distance between the center of the pterion and Henle’s spine. 

The mean value of the distance between the center of the pterion and the inion was similar in 

the present study and that of Uabundit et al. 

In the current study, the average H-width of the pterion suture, combining the 

sphenoparietal and frontotemporal types, was 11.36±2.42 mm on the right side and 

11.12±2.08 mm on the left side. In contrast, Uabundit et al.[26] reported measurements of 

10.4±4.7 mm and 10.7 ± 4.6 mm on the right and left sides, respectively. Kamath et al,[23] 

documented the H-width as 11.85±5.21 mm on the right and 12.23±4.78 mm on the left for 

males, and 12.81±6.26 mm on the right and 12.37±6.21 mm on the left for females. A 

comprehensive understanding of the position and configuration of the pterion is significant, 

as it serves as an anatomical reference point crucial for neurosurgical procedures involving 

the removal of intracranial tumors and vascular aneurysms. 

 

 

CONCLUSION 

Our findings indicate that the sphenoparietal suture is the most prevalent pterion type. This 

study provides anatomical insights by mapping the pterion position relative to cranial 

landmarks. These insights are crucial for neurosurgical planning, particularly for operations 

involving the anterior and middle cranial fossae, thereby improving patient outcomes. The 

average linear measurements of the pterion from various cranial landmarks identified in this 

study will significantly aid in accurately locating the burr hole for craniotomy procedures. 

These data are crucial for neurosurgical operations in areas lacking neuronavigation 

technology and for anthropological identification purposes. 
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