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Abstract

Introduction: The pterion is a craniometric landmark overlying the anterior division of the middle
meningeal artery and the lateral (Sylvian) fissure. Its variation is relevant to pterional neurosurgery and to
the interpretation of cranial sutures on imaging. Osteological and computed tomography (CT) data obtained
within a single study are limited.

Objective: The objective of the study is to compare pterion morphology, and its distances from the
zygomaticotemporal suture (Cp-ZT) and the frontozygomatic suture (Cp-FZ), between independent samples
of adult dry human skulls and adult three-dimensional CT examinations, and between sides.

Materials and methods: In this comparative cross-sectional study (April 2024 to October 2025), 118 adult dry
skulls and 118 adult cranial CT examinations, obtained from different individuals, were assessed bilaterally
(236 sides per dataset) after an a priori sample-size estimate. Each side was classified as sphenoparietal,
epipteric, stellate, frontotemporal, or atypical. Cp-ZT and Cp-FZ were measured with a digital Vernier
calliper on skulls and with the electronic calliper of the imaging software on CT reconstructions.
Distributions were compared with the Pearson chi-squared or Fisher-Freeman-Halton exact test and
distances with the independent-samples t-test (significance, p < 0.05).

Results: The sphenoparietal type predominated in both datasets (dry skulls 61.0%; CT 68.6% of sides). The
right-sided distribution did not differ between datasets (x* = 6.00, p = 0.199), whereas the left-sided
distribution did (x? = 16.29, exact p = 0.002), chiefly because epipteric bones were recorded more often in
skulls than in the CT dataset (22.9% vs 8.5%). Values below are dry skull vs CT. Cp-ZT was shorter in the CT
dataset on both sides (right 33.83 vs 25.69 mm; left 31.88 vs 27.10 mm; both p < 0.001). Cp-FZ was longer in
the CT dataset on the right (26.66 vs 29.27 mm, p < 0.001) and marginally shorter on the left (25.75 vs 24.80
mm, p =0.031).

Conclusions: The sphenoparietal type predominated in both datasets and on both sides, and the right-sided
distributions were similar. The left-sided distribution and the absolute distances differed between datasets.
Because the skulls and CT examinations came from different individuals and the two measurement methods
are not geometrically equivalent, these differences cannot be attributed to imaging modality alone and may
also reflect population, age, and sex differences. The lower frequency of epipteric bones in the CT dataset is
consistent with limited CT depiction of fine sutures, but this hypothesis needs testing on paired CT and
osteological examinations of the same crania. Reference values from the two sources should not be
combined without qualification.

Categories: Radiology, Orthopedics, Anatomy
Keywords: anatomical variation, computed tomography, dry human skull, middle meningeal artery, morphometry,
pterion, pterional approach

Introduction

The pterion is an H-shaped or K-shaped sutural junction on the lateral aspect of the skull at which the
frontal bone, the parietal bone, the squamous part of the temporal bone, and the greater wing of the
sphenoid bone meet. It corresponds developmentally to the site of the anterolateral (sphenoidal) fontanelle,
and its adult configuration is established during postnatal growth as the adjacent bones approximate and
articulate [1,2]. Because these bones ossify and grow at different rates, the final pattern of articulation at the
pterion is variable, and this variability has both developmental and population-specific determinants [3,4].
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The clinical significance of the pterion relates to its underlying neurovascular and cortical relations. The
internal surface of the pterional region is grooved by the anterior division of the middle meningeal artery,
and the pterion overlies the lateral (Sylvian) fissure and the adjacent inferior frontal and anterior temporal
cortex [1,2]. In most adults, the pterion lies within a circle of 1 cm diameter centred approximately 2.6 cm
posterior and 1.3 cm superior to the posterolateral margin of the frontozygomatic suture, and this area
overlies the anterior branch of the middle meningeal artery in about two-thirds of cases [2]. The adjacent
squamous temporal bone is thin, and the region is therefore a recognised site of extradural haemorrhage
following temporal trauma. The pterion is also the principal surface landmark for the pterional
(frontotemporosphenoidal) craniotomy used to access the anterior and middle cranial fossae, the circle of
Willis, and parasellar lesions. Accurate knowledge of its position and configuration is therefore considered
important for burr-hole placement, craniotomy planning, and avoidance of injury to the middle meningeal
artery [2,5].

Following the classification proposed by Murphy, the pterion is conventionally grouped into four principal
sutural types: sphenoparietal (direct sphenoparietal articulation), frontotemporal (direct frontotemporal
articulation), stellate (convergence of four bones at a single point), and epipteric (one or more intervening
sutural (Wormian) bones) [3]. The epipteric pattern is of particular radiological relevance because accessory
sutural bones and their surrounding sutures may be misinterpreted as fracture lines on cranial imaging and
may lead the surgeon to select an incorrect, excessively anterior landmark [5,6]. The reported prevalence of
the four types varies considerably between populations, and a heritable component of the sutural pattern has
been demonstrated in a pedigreed primate population [4].

Pterion morphology and morphometry have traditionally been studied on dry skulls, which permit direct
inspection of sutures and precise calliper measurement. Computed tomography (CT), particularly three-
dimensional surface reconstruction, allows the same landmark to be evaluated non-invasively in living
individuals within intact craniofacial anatomy, and CT has been used to characterise the pterion and its
sutural variants for the lateral neurosurgical approach [6,7]. However, spatial resolution, slice thickness, and
partial-volume averaging may limit the recognition of fine sutural detail, so osteological and radiological
findings cannot be assumed to be equivalent [6].

Few studies have reported pterion morphology and morphometry from both dry skulls and CT within the
same investigation. Such data would show how far findings from the two sources resemble one another and
would provide reference values for imaging and surgery. The present study therefore compared pterion
morphology and morphometry between adult dry human skulls and three-dimensional CT images. The two
samples were drawn from different individuals, so the comparison is between two independent datasets and
not between two modalities applied to the same crania.

Materials And Methods

Aim, objectives, and hypothesis
Aim

The aim of the study is to compare pterion morphology and morphometry between independent samples of
adult dry human skulls and adult three-dimensional craniolateral CT examinations, and between sides.

Primary Objective

The primary objective is to compare, on each side, the distribution of pterion types (sphenoparietal,
epipteric, stellate, frontotemporal, and atypical) between the dry-skull and CT datasets.

Secondary Objective

The secondary objective is to compare, on each side, the distance from the centre of the pterion (Cp) to the
zygomaticotemporal suture (Cp-ZT) and to the frontozygomatic suture (Cp-FZ) between the two datasets.

Hypothesis

The null hypothesis was that the distribution of pterion types and the distances Cp-ZT and Cp-FZ do not
differ between the dry-skull and CT datasets. Because the datasets are independent, any difference is
interpreted as a difference between datasets, not as a measure of imaging performance or diagnostic
agreement.

Study design, setting, and period

This comparative cross-sectional study combined osteological and radiological assessment of the pterion
and was conducted over 18 months, from April 2024 to October 2025, after approval by the Institutional
Ethics Committee on March 19, 2024. A total of 118 adult dry human skulls of unknown age and sex were
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examined: 24 from the teaching collection of the Department of Anatomy, National Institute of Medical
Sciences and Research (NIMS University Rajasthan), Jaipur, and 94 from the Department of Anatomy,
University College of Medical Sciences (UCMS) and Guru Teg Bahadur Hospital, Delhi. Osteological data at
UCMS were collected between April 15, 2024, and April 1, 2025, under the supervision of the Head of the
Department of Anatomy, UCMS, and osteological data at NIMS were collected within the study period. In
parallel, 118 adult cranial CT examinations performed for unrelated clinical indications were retrieved
retrospectively during the study period from the picture archiving and communication system (PACS) of the
Department of Radiology, NIMS Tertiary Care Hospital, Jaipur. Each skull and each CT examination was
assessed bilaterally, giving 236 sides per dataset. Because the skulls and CT examinations were obtained from
different individuals and, in part, from different institutions, the study compares two independent groups
and not paired observations on the same crania.

The study was approved by the Institutional Ethics Committee of NIMS University Rajasthan, Jaipur (Ref.
No. NIMSUR/IEC/2024/929; Proposal No. IEC/P-583/2024). The dry skulls were unidentified specimens from
institutional teaching collections, and the CT examinations were anonymised before analysis, so that no
identifiable patient information was accessed. The study was conducted in accordance with the principles of
the Declaration of Helsinki.

Sample size

The sample size was estimated a priori using the formula for estimating the difference between two
independent means with a specified absolute precision [8]: n = Za/2% (o1% + 02%)/d?, where Za/2 = 1.96
corresponds to a 95% confidence level; 61 = 2.2 mm and 02 = 2.5 mm are the standard deviations (SD) of the
pterion-frontozygomatic distance reported for the right and left sides, respectively, in a previous CT study
by Singh et al. [9]; and d = 0.6 mm is the required precision (half-width of the 95% confidence interval (CI) of
the mean difference). Substitution gave n = 1.962 x (2.22 + 2.5%)/0.6% = 118.34, and a sample of 118 per group
was adopted. Accordingly, 118 dry skulls and 118 cranial CT examinations were included. The estimate was
based on the precision of a continuous distance, and the comparisons of pterion type were not separately
powered. The CT examinations were selected by convenience sampling: eligible examinations available in
the PACS during the study period were included until the calculated sample size of 118 was reached.

Inclusion and exclusion criteria

Dry skulls were included when both pterional regions were intact and the constituent sutures were clearly
preserved. Skulls from which the calvaria had been removed (46 of the UCMS skulls) were included only
when both pterional regions and both zygomatic arches were intact. Skulls were excluded when they were of
juvenile age or showed incomplete suture closure, when the temporal or zygomatic region was fractured or
deformed, or when the sutures were obliterated or affected by a congenital anomaly. CT examinations were
included when both pterional regions were clearly visualised with adequate image quality, and were
excluded when they were of paediatric patients, demonstrated a cranial fracture or a pathological lesion
involving the pterional region, or were of inadequate quality.

Instruments, equipment, and software

Osteological measurements were made with a calibrated digital stainless-steel Vernier calliper (resolution
0.1 mm). Cranial CT examinations were acquired on a SOMATOM Scope scanner (Siemens Healthineers,
Erlangen, Germany) operating on syngo CT VC30 software, with a tube voltage of 110 kVp, a tube current of
140 mA, and a gantry rotation time of 1 s. Three-dimensional surface-rendered reconstructions were
reviewed, and radiological measurements were performed, in Horos version 3.3.6 (open-source DICOM
viewer; Horos Project, sponsored by Nimble Co LLC d/b/a Purview, Annapolis, MD, USA). Statistical analysis
was performed with IBM SPSS Statistics for Windows, version 21.0 (IBM Corp., Armonk, NY, USA).

Morphological assessment

In dry skulls, the pterion was inspected macroscopically on each side under adequate illumination. On CT,
bilateral craniolateral three-dimensional surface-rendered images were reconstructed and reviewed. Using
the criteria of Murphy [3], each side was classified as sphenoparietal (direct sphenoparietal contact),
frontotemporal (direct frontotemporal contact), stellate (four bones meeting at a point), or epipteric (one or
more intervening sutural bones) (Figure 7). Configurations that did not conform to any of these four
categories, such as ambiguous, composite, or partially fused junctions, were recorded separately as an
atypical pattern. All specimens and images were classified independently by two observers, and
disagreements were resolved by consensus.
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D: Stellate type E: Atypical type

FIGURE 1: Morphological types of the pterion in dry human skulls

Dashed circles indicate the pterion. (A) Sphenoparietal, (B) epipteric, (C) frontotemporal, (D) stellate, and (E)
atypical (non-classical) type.

F: frontal bone; P: parietal bone; T: temporal bone; S: greater wing of the sphenoid bone

Morphometric assessment

The Cp was defined as the point of confluence of the articulating bones. Two linear distances were recorded
on each side (Figure 2): the distance from Cp to the zygomaticotemporal suture (Cp-ZT) and the distance
from Cp to the frontozygomatic suture (Cp-FZ). In dry skulls, distances were measured with the digital
Vernier calliper, which records the direct straight-line distance between two landmarks. On CT, the same
landmarks were identified on the three-dimensional reconstruction and measured with the electronic
calliper tool of the imaging software, which records a distance within the displayed view. The two methods
are therefore not geometrically identical. Each measurement was taken twice, and the mean of the two
readings was used for analysis. All measurements were expressed in millimetres.
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FIGURE 2: Measurement of pterion morphometry

(A) Dry skull, lateral view, showing measurement with a digital Vernier calliper; dashed arrows indicate the
distances from the centre of the pterion (Cp) to the frontozygomatic suture (Fz; Cp-FZ) and to the
zygomaticotemporal suture (Zt; Cp-ZT). (B) Three-dimensional surface-rendered CT reconstruction (craniolateral
view) showing the same landmarks; the pterion is circled, line 1 indicates Cp-ZT and line 2 indicates Cp-FZ, both
measured with the electronic calliper tool of the imaging software. Landmark labels were added for legibility.

F: frontal bone; P: parietal bone; T: temporal bone; S: greater wing of the sphenoid bone; CT: computed
tomography

Statistical analysis

Categorical variables were summarised as frequencies and percentages and continuous variables as mean
SD. The two sides of a skull are not independent observations. To avoid treating them as independent, the
morphological distribution and the distances were compared between the dry-skull and CT datasets
separately for each side, and pooled percentages across sides are presented descriptively only. Because the
skulls and CT examinations came from different individuals, the two datasets are independent groups, and a
within-subject analysis across datasets was not possible. Models that account for within-skull correlation,
such as generalised estimating equations or mixed-effects models, are an alternative approach; they were
not used in the primary analysis.

For each side, the morphological distribution was compared between datasets using the Pearson chi-squared
test; when more than 20% of cells had an expected count below 5, or a cell count was zero, the Fisher-
Freeman-Halton exact test was used. The strength of association was expressed as Cramér's V. Continuous
morphometric variables were compared between datasets with the independent-samples t-test, which is
robust to moderate departures from normality at this sample size; the magnitude of each difference was
expressed as the mean difference with its 95% CI and as Cohen's d. A two-tailed p-value < 0.05 was
considered statistically significant.

Results

The 118 dry skulls and 118 CT examinations provided 236 sides per modality for analysis. The composition of
the study material is summarised in Table 1.

Material Source Specimens (n)  Sides assessed (n)
NIMS, Jaipur 24 48

Dry human skulls
UCMS, Delhi (48 complete skulls; 46 skulls without calvaria) 94 188

Cranial CT examinations NIMS Tertiary Care Hospital, Jaipur 118 236

Total All sources 236 472

TABLE 1: Composition of the study material

CT: computed tomography; NIMS: National Institute of Medical Sciences & Research; UCMS: University College of Medical Sciences

Morphological findings
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Pterion type
Sphenoparietal
Epipteric
Stellate
Frontotemporal
Atypical

Total

Representative examples of each morphological type in dry skulls are shown in Figure 1. The sphenoparietal
type was the most frequent configuration in both datasets and on both sides. Because the two sides of a skull
are not independent observations, formal comparisons between datasets were performed separately for each

side.

Right Side

On the right side, the sphenoparietal type was observed in 75/118 skulls (63.6%) and 80/118 CT
examinations (67.8%). The remaining types differed only modestly between datasets, the largest difference
being in the epipteric type (18.6% vs 10.2%), and the right-sided distribution did not differ significantly
between dry skulls and CT (x? = 6.00, p = 0.199; Cramér's V = 0.16) (Table 2, Figures 3, 4).

Dry skull, n (%)
75 (63.6)

22 (18.6)
7(5.9)

2(1.7)

12 (10.2)

118 (100)

CT, n (%)
80 (67.8)
12 (10.2)
13 (11.0)
4(3.4)
9 (7.6)

118 (100)

TABLE 2: Right-sided pterion morphology in dry skulls versus CT (n = 118 each)

Pearson chi-squared test: x* (df = 4) = 6.00, p = 0.199 (Fisher-Freeman-Halton exact p = 0.198); Cramér's V = 0.16. The test statistic applies to the whole
distribution and is therefore shown once for the table. p > 0.05, not significant.

CT: computed tomography; df: degrees of freedom

Number of skulls

w oy w (o)} ~ [e0]
o o o o o o
! ! ! ! ! !

N
o
1

10 A

Frontotemporal Atypical

Sphenoparietal Epipteric Stellate

FIGURE 3: Side-wise distribution of pterion morphological types in dry
human skulls (n = 118)

Blue bars, right side; orange bars, left side. Values above the bars are numbers of skulls.
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Pterion type
Sphenoparietal
Epipteric
Stellate
Frontotemporal
Atypical

Total

90

80 82

80 -

704

60

50 -

40

301

Number of CT scans

201 14
13
12 10 0
101 7

Sphenoparietal Epipteric Stellate Frontotemporal Atypical

FIGURE 4: Side-wise distribution of pterion morphological types on CT
scans (n = 118)

Blue bars, right side; orange bars, left side. Values above the bars are numbers of CT examinations.

CT: computed tomography

Left Side

On the left side, the sphenoparietal type was again predominant (69/118 skulls, 58.5%; 82/118 CT
examinations, 69.5%). The left-sided distribution, however, differed significantly between datasets (x* =

16.29, Fisher-Freeman-Halton exact p = 0.002; Cramér's V = 0.26). The difference was attributable chiefly to

the epipteric type, which was recorded more frequently in skulls (27/118, 22.9%) than in the CT dataset
(10/118, 8.5%); the frontotemporal type was absent in skulls but present on five CT examinations (4.2%),
and the atypical type was slightly more frequent on CT (Table 3, Figures 3, 4).

Dry skull, n (%) CT, n (%)
69 (58.5) 82 (69.5)
27 (22.9) 10 (8.5)
19 (16.1) 14 (11.9)
0(0.0) 5(4.2)
3(2.5) 7(5.9)
118 (100) 118 (100)

TABLE 3: Left-sided pterion morphology in dry skulls versus CT (n = 118 each)

Fisher-Freeman-Halton exact test: x* (df = 4) = 16.29, p = 0.002; Cramér's V = 0.26. The exact test was used because of a zero cell and small expected
counts (Pearson chi-squared p = 0.003). The test statistics apply to the whole distribution and are therefore shown once for the table. p < 0.05, significant.

CT: computed tomography; df: degrees of freedom

Side-Wise Comparison

Within each dataset, the sphenoparietal type remained predominant on both sides. The distribution of the

less common variants nevertheless differed between sides in dry skulls: the epipteric (22 vs 27) and stellate
(7 vs 19) types were more frequent on the left, whereas the atypical type was more frequent on the right (12
vs 3). In the CT dataset, the two sides were closely similar (Figures 3, 4). These side-wise differences were not

tested formally.

2026 Choudhary et al. Cureus 18(10): e118459. DOI 10.7759/cureus.118459

70f13


https://assets.cureus.com/uploads/figure/file/2174073/lightbox_efce6860bcaa11f1bff4cb46790b1d68-Figure_4.png
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

Part of SPRINGER NATURE

Parameter
Cp-ZT
Cp-ZT
Cp-FZ

Cp-Fz

Side
Right
Left

Right

Left

Overall Distribution

Pooled across the 236 sides per dataset, the sphenoparietal type accounted for 61.0% of dry-skull sides and
68.6% of CT sides, followed by the epipteric (20.8% vs 9.3%), stellate (11.0% vs 11.4%), atypical (6.4% vs
6.8%), and frontotemporal (0.8% vs 3.8%) patterns (Figure 5). Because the two sides of a skull are not

independent, these pooled percentages are presented descriptively.

70 A

60

50

40 1

30

Percentage of sides (%)

20 A

68.6

61.0

Sphenoparietal

20.8

Epipteric Stellate

Frontotemporal

Atypical

FIGURE 5: Overall pterion morphology in dry skulls versus CT (236
sides per modality)

Blue bars, dry skulls; orange bars, CT. Values above the bars are percentages of assessed sides and are
presented descriptively. The sphenoparietal type predominates in both modalities; the epipteric type is less
frequent on CT.

CT: computed tomography

Morphometric findings

Cp-ZT and Cp-FZ were measured as illustrated in Figure 2, and the differences between datasets are
summarised in Table 4 and Figure 6. Cp-ZT was significantly greater in dry skulls than in the CT dataset on
both sides (right 33.83 + 3.92 mm vs 25.69 * 3.69 mm, mean difference 8.14 mm, p < 0.001; left 31.88 + 3.70
mm vs 27.10 # 4.14 mm, mean difference 4.78 mm, p < 0.001), with large effect sizes. Cp-FZ differed in a
side-dependent manner: it was shorter in skulls than in the CT dataset on the right (26.66 + 4.76 mm vs
29.27 #3.50 mm, p < 0.001; medium effect) and marginally longer in skulls on the left (25.75 + 3.14 mm vs
24.80 £ 3.59 mm; mean difference 0.95 mm, p = 0.031; small effect). The two datasets therefore yielded
significantly different absolute positional measurements of the pterion, most markedly for Cp-ZT.

Dry skull (mean * SD)
33.83 £3.92
31.88 £3.70
26.66 + 4.76

25.75+3.14

CT (mean % SD)

25.69 + 3.69

2710+ 4.14

29.27 +£3.50

24.80 + 3.59

8.14 (7.16 t0 9.12)
4.78 (3.77 t0 5.79)
-2.61(-3.68 to -1.54)

0.95 (0.09 to 1.82)

TABLE 4: Pterion morphometry (mm) in dry skulls versus CT

Mean difference (95% CI)

t

16.42

9.35

-4.80

p-value

<0.001

<0.001

<0.001

0.031

Cohen’s d

2.14

1.22

-0.63

0.28

Independent-samples t-test, n = 118 per group (df = 234). Mean difference = dry skull — CT. Cohen’s d: approximately 0.2 small, 0.5 medium, and = 0.8

large.

Cp-ZT: centre of pterion to zygomaticotemporal suture; Cp-FZ: centre of pterion to frontozygomatic suture; SD: standard deviation; Cl: confidence interval;
CT: computed tomography; df: degrees of freedom
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kokk

Distance (mm)

Cp-ZT Cp-ZT Cp-Fz Cp-Fz
Right Left Right Left

FIGURE 6: Pterion morphometry in dry skulls versus CT (mean * SD)

Blue bars, dry skulls; orange bars, CT. Bars show means, error bars indicate SD, and values above the bars are
means (mm).

*p < 0.05; ***p < 0.001 (independent-samples t-test).

Cp-ZT: centre of pterion to zygomaticotemporal suture; Cp-FZ: centre of pterion to frontozygomatic suture; SD:
standard deviation; CT: computed tomography

Discussion

This study compared pterion morphology and morphometry between an osteological sample and a CT
sample drawn from different individuals. Three principal findings emerged. First, the sphenoparietal type
predominated in both datasets and on both sides. Second, the morphological distributions were similar on
the right but differed significantly on the left, principally because epipteric bones were recorded more
frequently in dry skulls than in the CT dataset. Third, the absolute positional measurements (Cp-ZT and Cp-
FZ) differed significantly between datasets. Because the skulls and CT examinations came from different
individuals and the age and sex of the skulls were unknown, these differences cannot be attributed to
imaging modality alone. They may also reflect differences between the source populations, demographic
composition, and the measurement methods.

The predominance of the sphenoparietal type is consistent with the majority of osteological and radiological
series [10-14]. Reported sphenoparietal prevalence ranges from approximately 62% to more than 90%: 92.4%
on CT in Pakistani men [7], 81.2% in Thai skulls [10], 70%-75% in dry Indian skulls [15], 86.1% in Nigerian
skulls [12], 87.5% in Turkish male skulls [13], and 62.1% in a second Thai series [16]. A meta-analysis of 79
studies comprising 18,694 skull sides reported a pooled sphenoparietal prevalence of 78.5%, followed by the
epipteric (8.4%), frontotemporal (5.7%), and stellate (4.3%) types [17]. The sphenoparietal prevalence in the
present study (61.0% in skulls and 68.6% in the CT dataset) lies at the lower end of this range. The
sphenoparietal type ranked first in both datasets, as in the pooled estimate, and the epipteric type ranked
second in dry skulls; in the CT dataset, however, the stellate type (11.4%) slightly exceeded the epipteric type
(9.3%). The osteological prevalence of the epipteric type (20.8%) exceeded the pooled estimate but was
comparable with the values of 17.4% in Thai skulls [10] and 16% in the skull series of Ma et al. [2]. Stellate
junctions (11.0%-11.4%) were more frequent, and frontotemporal junctions (0.8%-3.8%) less frequent, than
the pooled estimates. Figure 7 compares the present sphenoparietal prevalence with published data.
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FIGURE 7: Sphenoparietal pterion prevalence in the present study
compared with published series

Grey bars represent previously reported values [7,10,12,13,15-17]; blue and orange bars represent the present
dry-skull and CT results, respectively.

IN: India; TH: Thailand; NG: Nigeria; TR: Turkey; PK: Pakistan; CT: computed tomography

The significant left-sided difference between the datasets is the most notable finding of this study. The
epipteric pattern was recorded in 22.9% of left-sided skulls but in only 8.5% of left-sided CT examinations.
One possible explanation is that, on three-dimensional surface-rendered CT, the fine sutures bounding
epipteric (Wormian) bones may be obscured by limited spatial resolution, slice thickness, reconstruction
smoothing, and partial-volume averaging, so that an epipteric junction is classified as sphenoparietal or
atypical. This explanation is a hypothesis, and the present design cannot test it, because the skulls and CT
examinations were obtained from different individuals and no paired comparison on the same crania was
made. Other explanations include differences between the source populations, age- and sex-related
variation (fusion of the pterion and its epipteric bones has been related to age [18]), and observer-dependent
classification. Using multidetector CT angiography with three-dimensional reconstruction, Caliskan et al.
emphasised that sutural variants may be misinterpreted as fractures, and they recorded such variants least
frequently at the left pterion [6], an observation in the same direction as the low left-sided CT frequency of
epipteric bones in the present series. The direction of the difference in our data, with more epipteric bones
in skulls and more frontotemporal and atypical junctions in the CT dataset, is compatible with the
resolution hypothesis but does not establish it. Paired CT and osteological examination of the same crania is
needed to determine whether CT under-detects epipteric bones.

The epipteric type is of potential clinical significance. In a series of 490 skull sides, Ersoy et al. found
epipteric bones in 9% and showed that, when such a bone is present, the most anterior bony junction may be
misidentified as the pterion, resulting in burr-hole placement as close as 16 mm to the lateral orbital rim
and a risk of inadvertent orbital penetration [5]. Radiologically, the accessory sutures surrounding an
epipteric bone may mimic a linear fracture in the setting of trauma [6]. If CT does depict epipteric bones less
often than direct inspection, as our data suggest but cannot prove, such errors could be more likely when CT
is the sole basis of assessment. The present study did not evaluate surgical accuracy, diagnostic
performance, or clinical outcomes, so these implications are drawn from the literature and remain
speculative.

An atypical, non-classical configuration was recorded in a minority of sides (7.6%-10.2% on the right and
2.5%-5.9% on the left). Murphy's classification recognises four types [3], but composite or intermediate
junctions do not always conform to these categories. Matsumura et al. described several subtypes of
sphenoparietal and frontotemporal contact and documented age-related fusion of the pterion and its
epipteric bones, indicating that pterion morphology represents a developmental continuum rather than four
discrete states [18]. A heritable contribution to this variation has been demonstrated in a pedigreed rhesus
monkey population [4]. The atypical category in the present study should be interpreted in this context; as a
residual category, it inevitably includes borderline classifications and is observer-dependent.

The morphometric findings require cautious interpretation. Cp-ZT was consistently shorter in the CT
dataset than in skulls, whereas Cp-FZ differed in a side-dependent manner. A substantial part of this
discrepancy may be methodological. A Vernier calliper records the direct straight-line distance between two
landmarks in three dimensions and is independent of skull orientation, whereas an electronic calliper
applied to a surface-rendered image displayed in a single craniolateral view records a two-dimensional
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distance in the viewing plane; segments that are not parallel to that plane are foreshortened, and the result
depends on the orientation of the reconstruction, which CT studies commonly standardise to the Frankfort
horizontal plane [7]. Landmark identification may also differ, because suture ends are less distinct on
rendered images than on bone. The two techniques may therefore not measure identical geometric
distances, and the large Cp-ZT differences, particularly on the right, may reflect measurement method more
than true differences between samples. The present design cannot separate these effects. Ma et al. likewise
reported slightly greater distances between the pterion and the frontozygomatic suture on cone-beam CT
than in dry skulls (29 vs 26 mm horizontally and 16 vs 11 mm vertically) [2]. CT-derived and osteologically
derived positional reference values should not be combined without qualification. Published pterion-
frontozygomatic distances in dry skulls, approximately 31 mm in Thai and Nigerian series [10,12] and 33-34
mm in Turkish men [13], exceed the present osteological Cp-FZ values (25.8-26.7 mm), which probably
reflects population differences and the reference point chosen on the suture. Distances to the zygomatic
arch, approximately 38-40 mm in dry skulls [10,12,13] and 34.5 mm on CT [7], are not directly comparable
with Cp-ZT because a different inferior reference point was used.

The inclusion of both an osteological and a CT dataset in one investigation is the principal strength of this
study. Osteological examination provides an unobstructed, high-resolution view of the sutures and of
accessory bones and is therefore suited to prevalence estimates and anthropological studies. CT, in contrast,
allows the same landmark to be studied in living patients within intact craniofacial anatomy, which is
relevant to surgical planning and radiological practice [6,7,17,19]. The two sources address different
questions. In the present samples, findings were similar for the dominant type and for the right-sided
distribution but differed for minor variants and for absolute distances; whether this reflects the imaging
technique, the source populations, or both cannot be determined from this design. Patient-specific CT is the
practical means of localising the pterion before a pterional approach [5,17], and the present data suggest
that distances measured on rendered CT may differ from osteological reference values.

Because age and sex were not available for the dry skulls, sexual dimorphism was not analysed, and the age
and sex composition of the CT cohort could not be compared with that of the skulls. The type and position of
the pterion are known to vary with sex and age [10,16]; complete pterional synostosis was observed only in
male skulls in one series [16], and fusion of the pterion and its epipteric bones has been related to age [18].
Differences in age and sex between the two datasets could therefore account for part of the observed
differences, in addition to or instead of any effect of the imaging technique. The conclusions of the present
study are accordingly limited to differences between these two datasets. Within these limits, and if the lower
frequency of epipteric bones in the CT dataset reflects limited depiction of fine sutures, radiologists should
interpret complex pterional sutures with this possibility in mind, and CT-based pterion localisation should
be regarded as a guide whose absolute distances may differ from osteological reference values.

Limitations

This study has several limitations. The most important is its independent-group design. The dry skulls and
CT examinations were obtained from different individuals and, in part, from different institutions and
regions (skulls from Jaipur and Delhi; CT from Jaipur). The study therefore compares two datasets, not two
modalities applied to the same crania, and differences between the datasets may reflect differences between
the source populations rather than the imaging technique. Without paired CT and osteological assessment
of the same specimens, the study cannot establish the diagnostic performance of CT, the agreement between
the two approaches, or whether CT under-detects epipteric bones.

Second, age and sex were not available for the dry skulls, and the demographic profile of the CT cohort was
not compared with them, which precludes analysis of age- and sex-related variation and leaves it unclear
how much of the between-dataset difference is attributable to demographic composition. Third, the two
measurement techniques are not geometrically equivalent: a Vernier calliper records a three-dimensional
straight-line distance, whereas the electronic calliper on a surface-rendered image records a distance in the
displayed view, which depends on image orientation and landmark identification. Part of the differences in
Cp-ZT and Cp-FZ may therefore be methodological.

Fourth, the CT examinations were selected by convenience sampling from a single centre, which may limit
generalisability, and the sample size was calculated for the precision of a distance measurement, so the
comparisons of pterion type were not separately powered. Fifth, although each specimen and image was
classified independently by two observers with consensus resolution, assignment to the atypical category is
inherently observer-dependent. Sixth, the depiction of fine sutural detail on three-dimensional CT depends
on spatial resolution, slice thickness, and reconstruction parameters, and the retrospective design did not
permit an acquisition protocol optimised for sutural anatomy. Seventh, the two sides of a skull are
correlated; sides were analysed separately, and models that account for within-skull correlation were not
used in the primary analysis, and the side-wise differences within each dataset were described but not
tested.

Finally, the study did not evaluate surgical accuracy, diagnostic performance, operative outcomes, or clinical
utility, and the relationship of the pterion to the underlying middle meningeal artery and to intracranial
landmarks was not examined. The clinical implications discussed above are therefore inferential.
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Conclusions

In these independent samples of adult dry skulls and craniolateral CT examinations, the sphenoparietal type
was the predominant pterion configuration on both sides, and the right-sided distributions were similar. The
left-sided distribution differed between the datasets, mainly because epipteric bones were recorded less
often in the CT dataset, and the absolute measurements of pterion position (Cp-ZT and Cp-FZ) also differed.
Because the skulls and CT examinations came from different individuals, the two measurement techniques
are not geometrically equivalent, and age and sex of the skulls were unavailable; these differences cannot be
attributed to imaging modality alone. A lower frequency of epipteric bones on CT is consistent with limited
depiction of fine sutures, but this remains a hypothesis to be tested on paired CT and osteological
examinations of the same crania. Until then, CT-derived and osteologically derived pterion data should be
interpreted separately, reference values from the two sources should not be combined without qualification,
and the implications for radiological interpretation of cranial sutures and for pterional neurosurgical
planning remain inferential.
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