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ABSTRACT
Introduction 
Thickness of neurocranium is not regular throughout the skull and 
cranial vault thickness is often observed to be higher in females when 
compared to males. This study aimed to measure the thickness of 
neurocranium of deceased adults and compare it across sex, age 
and laterality. 

Methods
This was a cross-sectional study in which 72 deceased adults 
were enrolled, that presented in the mortuary of the Department 
of Forensic Medicine and Department of Anatomy of Maharajgunj 
Medical Campus. Measurements were taken after ethical approval 
from Institutional Review Committee of Institute of Medicine and 
after obtaining written informed consent from the relatives of the 
deceased. Measurements were taken in 9 points total, using an 
iGaging 8” Digital Outside Caliper. Independent sample t-test was 
done to compare the thickness between sexes and one-way ANOVA 
was done to compare the thickness between the bones.

Results
The mean thickness of frontal, parietal, temporal, occipital bones, 
and pterion were 5.38(±0.91), 4.67(±0.59), 1.52(±0.50), 6.53(±1.28) 
and 2.55(±0.74) mm respectively. Thickest point was Occipital 
Point B with mean thickness of 7.39(±1.70) mm in females and 
8.47(±1.46) mm in males and the thinnest point was found to be 
the squamous part of temporal bone with the mean thickness of 
1.48(±0.69) mm in the right 1.65(±0.69) mm in the left cranium of 
females and 1.43(±0.41) mm in the right and 1.56(±0.40) mm in the 
left cranium of the males.

Conclusion
Occipital bone was the thickest bone in the neurocranium and the 
thickness increased from anterior to posterior side. This study will 
be helpful for surgeons in bone grafting and selecting screws and 
will also be resourceful to anatomists and anthropologists.
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INTRODUCTION

The neurocranium of the skull is subdivided 
into the calvaria and the basicranium. 
Calvaria forming bones are flat and formed 

by intramembranous ossification derived from 
neural crest cells.1 The two tables, outer and inner, 
can be split for autograft and is often used during 
maxillofacial reconstruction.2 

Severity of the brain injuries induced by trauma is 
affected by the thickness of the skull bones where 
higher peak accelerations are required for thicker 
skulls to reach the peak sheer stress level.3 Cranial 
vault thickness has been observed to be higher in 
females when compared to males and age-related 
thinning of the frontal cranial vault have also been 
observed.4 Idiopathic Intracranial Hypertension (IIH) 
has been associated with thinning of the calvaria 
and the skull base without zygoma(extracranial) 
thinning.5,6 Similarly, intracranial thinning has also 
been observed in patients with obstructive sleep 
apnoea that may be associated with spontaneous 
cerebrospinal fluid leaks.7 Topographical mapping of 
the calvaria is supposed to assist surgeons while 
specifying the area for cranial bone graft harvest.8 

The thickness of the skull bones varies in different 
points.2,9,10 Established textbooks of anatomy and 
forensic medicine clearly lack in mentioning the 
thickness of skull in autopsy cases.1,2 Few studies 
done in Nepal are based on the dried skull bone 
and a gap in database regarding the thickness of 
Nepalese skull persists.3,10 The aim of this study was 
to measure the thickness of neurocranium of adult 
deceased Nepalese and to compare it in respect to 
sex, in between the bones and laterality, and report 
a baseline data.

METHODS
The research method employed was descriptive, 
cross-sectional. This study involved 72 deceased 
adults that presented in the mortuary of the 
Department of Forensic Medicine and Department 
of Anatomy of Maharajgunj Medical Campus. 
Kathmandu from May 9th, 2023 to April 2nd, 2024. 

Sample size was calculated using the formula (n) = 
((Z σ)/E)2

Where,
•	 Confidence level corresponding to the level of 

confidence of 95% (Z) = 1.96
•	 Expected SD as per previous study (σ) = 1.6711  
•	 Absolute error (precision) (d) = 0.05
•	 Mean as per previous study = 8.211

•	 Margin of error (E) = Mean × Absolute error = 
8.2 × 0.05 = 0.41

Thus, the sample size was, (1.96 ×1.67)/0.41 = 64.

Measurements were taken from 72 deceased 
adults after ethical approval was obtained from the 
Institutional Review Committee (IRC) of Institute of 
Medicine (IOM) and written informed consent was 
taken from the relatives of the deceased. All the 
deceased Nepalese adults above 18 years were 
included in the study and cadavers with head injuries 
or with gross visible pathologies and deformities of 
the bones were excluded.

Skull scalp incision, calvaria opening, and extraction 
of brain lobes were done following standard 
autopsy procedure.12 After the removal of the brain, 
the folds of the dura mater were removed using 
artery forceps and scalpel. The muscle and the 
fascia remaining in the temporal fossa were also 
cleaned. The thickness of nine clinically important 
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Figure 1. Investigator’s illustration of the skull of the measured points. Cutting level: 2 cm above the supraorbital 
margin anteriorly and 2 cm above the inion posteriorly. (A)  Frontal bone A (FA): Frontal bone B(FB): Pterion (P): 
Parietal bone A (PA): Parietal bone B (PB): Parietal bone C (PC): Occipital bone A (OA): Occipital bone B (OB). 
(B) Frontal bone C (FC), Temporal bone (T).
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points was measured, using an iGaging 8” Digital 
Outside Caliper bilaterally and one unilaterally in the 
midline. 

Frontal bone was measured bilaterally in three 
points; Frontal bone A (located 1 cm above the 
supraorbital margin and 1.5 cm lateral to the 
midline). Frontal bone B (located at the midpoint of 
the frontal midpoint and the frontoparietal suture 
on the cut edge). Frontal bone C (located at the 
midpoint of the vertex and frontal bone B). The 
thickness of the pterion on both sides was taken 
(located 4 cm above the zygomatic arch and 3.5 cm 
behind the fronto-zygomatic suture). The thickness 
of the temporal bone on both sides was taken in the 
midpoint of its squamous portion. 

The thickness of parietal bone of each side was 
taken in 3 points; Parietal bone A (located 1.5 cm 
below the middle meningeal groove). Parietal 
bones B and C (divided at the distances between 
the frontoparietal suture and the occipital midpoint 
with a ratio of 1:3 and 2:3 respectively in the cut 
edge). The thickness of the occipital bone was taken 
bilaterally in two points; Occipital bone A (located 
1.5 cm lateral to the midline and 0.5 cm above the 
inion) and Occipital bone B (located occipital to the 
midpoint and 2 cm above the inion). Measurements 
were taken in above mentioned points and as 

illustrated in Figure 1

Measurements were taken by the single 
investigator twice and an average was noted in pro-
forma later entered in Excel sheet. Samples with 
incomplete and highly skewed data were omitted. 
Statistical analysis was done using SPSS version 
18. Descriptive statistics of various parameters 
with mean, median, and standard deviation were 
calculated. The level of confidence was set at 95%, 
with a level of significance of 0.05. Independent 
sample t-test and One-Way ANOVA, were used to 
compare thickness of right and left sides across 
sexes and to compare the mean of the thickness 
in between the bones respectively. R programming 
language (RStudio 2026.01.0, Build 392) was used 
for data visualization.

RESULTS 
In this study, a total of 72 corpses were included 
among which 46 were male and 26 were female, 
showing male predominance. They belonged to the 
age ranging from 18 to 90 years with a mean age of 
43.40(±18.85).

The Independent sample t-test was applied to 
compare the thickness of different points of 
neurocranium bones across sexes. Table 2.  Shows 
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Table 1. Measurements of neurocranium bones

Parameters Total (n) Minimum (mm) Maximum (mm) Mean (mm) Std. 
Deviation

RFA 72 2.1 8.1 4.76 1.15

RFB 72 3.1 8.5 4.94 0.96

RFC 72 3.4 8.6 6.04 1.23

LFA 72 2.8 8.3 5.05 1.16

LFB 72 2.5 7.9 5.17 0.94

LFC 72 2.9 9.5 6.30 1.35

RPA 72 1.9 7.4 4.23 0.94

RPB 72 2.0 6.3 4.10 0.86

RPC 72 2.2 9.0 5.54 1.26

LPA 72 2.0 7.3 4.32 0.87

LPB 72 2.7 7.0 4.43 0.87

LPC 72 2.3 7.4 5.41 1.02

RP 72 1.0 4.5 2.45 0.80

LP 72 1.1 4.4 2.66 0.78

RT 72 0.4 3.6 1.45 0.53

LT 72 0.5 3.5 1.59 0.52

ROA 72 2.8 9.3 5.66 1.25

LOA 72 2.3 9.6 5.85 1.32

OB 72 4.9 12.0 8.08 1.62
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Table 2. Comparison of frontal bone, parietal bone, pterion, temporal bone and occipital bone of right and left 
side in male and female population

Parameters
Male Female Sig.

(2-tailed)Mean(mm) SE Mean(mm) SE

RFA 4.60(±1.00) 0.14 5.05(±1.33) 0.26 0.136

RFB 4.84(±1.04) 0.15 5.13(±0.77) 0.15 0.180

RFC 6.08(±1.27) 0.18 5.95(±1.17) 0.23 0.660

LFA 4.82(±1.10) 0.15 5.46(±1.30) 0.25 0.035

LFB 5.07(±1.01) 0.14 5.35(±0.77) 0.15 0.202

LFC 6.31(±1.44) 0.21 6.27(±1.20) 0.23 0.910

RPA 4.14(±0.87) 0.12 4.39(±1.06) 0.20 0.315

RPB 4.03(±0.94) 0.13 4.23(±0.69) 0.13 0.330

RPC 5.51(±1.33) 0.19 5.60(±1.14) 0.22 0.777

LPA 4.35(±0.94) 0.13 4.26(±0.75) 0.14 0.650

LPB 4.29(±0.93) 0.13 4.67(±0.70) 0.13 0.052

LPC 5.45(±1.10) 0.16 5.34(±0.88) 0.17 0.647

RP 2.51(±0.82) 0.12 2.35(±0.76) 0.15 0.395

LP 2.65(±0.72) 0.10 2.67(±0.88) 0.17 0.919

RT 1.43(±0.41) 0.06 1.48(±0.69) 0.13 0.750

LT 1.56(±0.40) 0.05 1.65(±0.69) 0.13 0.562

ROA 5.83(±1.21) 0.17 5.38(±1.27) 0.25 0.149

LOA 5.94(±1.30) 0.19 5.68(±1.37) 0.27 0.429

OB 8.47(±1.46) 0.21 7.39(±1.70) 0.33 0.010

Figure 2. Scatter plot showing thickness of bones and their correlation. (A)Between right and left frontal bones 
(B) Between right and left parietal bones (C) Between right and left pterion (D) Between right and left temporal 
bones (E) Between right and left occipital bones.
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comparison of frontal, parietal temporal and 
occipital bones, and pterion, of right and left side in 
males and females.

The mean thickness of frontal, parietal, temporal, 
occipital bones, and pterion were 5.38 (±0.91), 4.67 
(±0.59), 1.52 (±0.50), 6.53 (±1.28) and 2.55 (±0.74) 
mm respectively. With the use of one way-ANOVA 
and Tukey HSD, comparison of the mean of the 
bones was done as shown in Table 3.

As shown in Figure 2, all five cranial bones exhibited 
significant positive correlations between the right 
and left sides, indicating overall bilateral symmetry. 
The frontal bone (Figure 2A) demonstrated a 
significantly strong correlation (r = 0.88, p < 2 × 10-

16), reflecting high symmetry between sides. The 
parietal bone (Figure 2B) showed a significant but 
moderate strong correlation (r = 0.73, p < 2 × 10-

16), suggesting slightly greater variability between 
sides compared to other bones. The Pterion (Figure 
2C) exhibited a strong correlation (r = 0.78, p = 7.3 
× 10-16), while the temporal (Figure 2D) and occipital 
bones (Figure 2E) both showed strong correlations 
(r = 0.87, p < 2 × 10-16), indicating significant bilateral 
symmetry.

DISCUSSION
In this study, the mean thickness of frontal, 
parietal, temporal, occipital bones and pterion was 
observed as 5.38(±0.91), 4.67(±0.59), 1.52(±0.50), 
6.53(±1.28), and 2.55(±0.74) mm, respectively. 
The result showed significant differences in the 
thickness of all the measured bones. Similarly, 
it was also observed that there was significant 
variation in thickness at various points and occipital 
bone was the thickest. It was comparable to the 
findings of previous studies.8,10,13 The study done by 
Baral et al. showed that mean thickness of frontal 
bone was (5.6±0.8) mm, the parietal bone was 
(4.5±0.6) mm, and the occipital bone was (8.5±0.7) 
mm in the Nepalese dry skull.10 The thickness of 
frontal and parietal bones were almost similar in 
this study whereas occipital bone was reported to 
be thicker. Furthermore, thickness of pterion and 
temporal bones were added in present study. The 
radiological mapping of Nepalese calvaria found 
the mean thicknesses of the frontal, parietal, and 
occipital bone as (6.1±1.8), (4.6±2.2), and (9.5±3.4) 
mm, respectively.14 The thickness of occipital 
bones was higher compared to present study 
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Table 3. Comparison of mean thickness of bones and bony points with each other

Bones and 
bony points

Bones and 
bony points

Mean 
Difference Std. Error Sig.

95% Confidence Interval

Lower Bound Upper Bound

Frontal Temporal 3.86 0.14 <0.001 3.47 4.25 

Parietal 0.71 0.14 <0.001 0.32 1.10

Occipital -1.15 0.14 <0.001 -1.54 -0.76

Pterion 2.82 0.14 <0.001 2.43 3.21

Temporal Frontal -3.86 0.14 <0.001 -4.25 -3.47

Parietal -3.15 0.14 <0.001 -3.54 -2.76

Occipital -5.01 0.14 <0.001 -5.40 -4.62

Pterion -1.04 0.14 <0.001 -1.43 -0.65

Parietal Frontal -0.71 0.14 <0.001 -1.10 -0.32

Temporal 3.15 0.14 <0.001 2.76 3.54

Occipital -1.86 0.14 <0.001 -2.25 -1.47

Pterion 2.12 0.14 <0.001 1.73 2.51

Occipital Frontal 1.15 0.14 <0.001 0.76 1.54

Temporal 5.01 0.14 <0.001 4.62 5.40

Parietal 1.86 0.14 <0.001 1.47 2.25

Pterion 3.98 0.14 <0.001 3.59 4.37

Pterion Frontal -2.82 0.14 <0.001 -3.21 -2.43

Temporal 1.04 0.14 <0.001 0.65 1.43

Parietal -2.12 0.14 <0.001 -2.51 -1.73

Occipital -3.98 0.14 <0.001 -4.37 -3.59
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and the study done by Baral et al. The difference 
may be attributed to the physical measurements 
of the neurocranium rather than the radiological 
data. Whereas in another study done by Thulung 
et al. overall thickness of all the bones was seen 
to be higher with values (8.02±1.97), (7.04±1.43), 
(4.71±1.34), (7.98±2.47) mm for frontal, parietal, 
temporal, and occipital bones, respectively.3 The 
mean thickness of the skull across all locations was 
6.32±0.7 mm in a study done by Moreira-Gonzalez 
et al.8

In this study, measurements were taken on three 
points of frontal, parietal, occipital and one point 
of temporal bones. As seen in table 1, the thickest 
point was near the external occipital protuberance 
on the occipital bone, while the thinnest point 
was at the midpoint of the squamous part of 
the temporal bone. This demonstrates a distinct 
regional variation in neurocranium thickness. The 
thickness of the frontal and parietal bones increased 
anterior to posterior illustrating the anteroposterior 
gradient. The thickness of the pterion was less 
than the frontal, parietal, and occipital and greater 
than the squamous part of the temporal bone. The 
posterior points were found to be thicker compared 
to the anterior ones in other studies as well. These 
findings advocate a greater structural reinforcement 
in the posterior neurocranium providing enhanced 
protection to underlying structures. It also suggests 
that greater drilling force is required in posterior 
cranial screw placement. 

The LFA and OB were statistically significant 
with P = 0.035 and P = 0.010 respectively, whilst 
the remaining points were not. In comparison, 
differences between male and female skulls were 
greater toward the rear of the parietal bones.8 
Thickness of bones of females were found to be 
greater while compared to males 8,15–17 Contrary to 
this Pensler et.al. measured the thickness frontal 
and parietal on the calvaria and they mentioned 
that the parietal thickness of men exceeded that of 
women.18 Another study done in Danish people found 
that males and females did not differ significantly 
in cranial thickness, except for right euryon where 
there was a statistically significant difference with 
females having the thickest measures.19 In a study 
done between whites and blacks it was found that 
the frontal bone was thicker in white males while 
parieto-occipital bones were thicker in blacks, than 
in whites, and in certain age groups, the females 
in both races had significantly thicker parietal and 
occipital bones than their male counterparts.15 

This study may be helpful in reconstructive plastic 
surgeries as the skull is a frequently used site of bone 
graft harvest.  The data on neurocranium thickness 
may be useful for anatomists, anthropologists, 
researchers, surgeons, and manufacturers 
companies of surgical screws. Normal neurocranium 

thickness is also a valuable asset to compare with 
the pathological ones.Body weight, height, ethnicity 
and race that could have affected the thickness of 
the skull were not considered in this study. The 
sample size was also small so that a larger sample 
size could be taken in future so that the findings 
can be more generalizable. Pediatric population 
were excluded in this case which would otherwise 
provide information about the growth pattern of the 
neurocranium.

CONCLUSION
The neurocranium is not uniform throughout. 
Occipital bone was the thickest bone in the 
neurocranium and the thickness increased from 
anterior to posterior.
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