
INTRODUCTION

The basic functions of the skull bone is to protect the delicate organ, 
the brain. It consists of 22 bones where its 8 cranial bones form the part 
of neurocranium called sutures which are connected by synarthrodial 
joints. Most of these cranial bones are considered as flat bones which is 
identified by layered bone structure where a cancellous bone layer, 
called diploe is sandwiched in between two layers of dense cortical 
bone. These two cortical layers are known as the inner and outer tables 

of the skull1). Recently, the thickness of the skull bone shows a great 
potential in relation of the gender, age, races and pathological condi-
tions2-5).

Previous studies have exploited cadavers and primates to evaluate 
the mechanical properties of the skull6-8). McElhaney et al assessed spa-
tial, material, and the structural properties of the full skull samples from 
cadavers6). Hubbard et al used a layered beam testing technique to 
examine skulls' flexural stiffness and strength7,9). Here the study found 
the flexural properties of the skull was to be highly dependent on skull 
thickness. Peterson et al measured variability of the cortical thickness of 
the outer table at various locations across the skull8). Callipers and ultra-
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ABSTRACT
Background: Epilepsy is considered among the commonest neurological disorder where frontal lobe epilepsy is considered as 

one of its types. It is known that epilepsy is associated with atypical facial shape with the prolonged usage of antiepileptic drugs 
(AEDs). The aim is to examine the thickness of frontal bone at the three different levels in the epileptic male patients by a 3D 
scan study.

Material and methods: The participants were divided into two groups which consisted of 17 epileptic males (who were under 
medication during the study) and 17 males in the control groups. Both of these groups were undergone their CT scan at the 
Radiology Department, Hospital Universiti Sains Malaysia (USM). 2D CT scan sagittal view was used to visualise the skull 
(frontal) bone thickness in both epileptic male groups and healthy control group and Materilize Mimics 17.02 software was used 
to process the images.

Results: Three different thickness level of frontal bone were measured by 3 different evaluators. The results were statistically 
analyzed using Mann-Whitney U test. It showed that in between glabella and bregma, the level of bregma and the mean values 
was significantly higher (7.29 ± 0.80 mm, 7.64 ± 0.40 mm, 10.14 ± 0.52 mm) in epileptic male group but the values of the glabella 
(15.58 ± 1.02 mm) was significantly lower in epileptic male group in compare with the control groups. 

Conclusions: The thickness of frontal bone is higher in epileptic male than in non-epileptic male which provides a reliable 
data on the role of frontal bone thickness in the epilepsy.
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sonic transducers were used as the tools of skull thickness bone mea-
surement of the frontal, parietal, occipital, and temporal regions of the 
skull; where the outer table was isolated10). Ross et al recommended a 
method of measuring the physical skull cap of adults during autopsy 
using standardised anatomical points5). This involves making a horizon-
tal cutting of the skull using saw and using the vernier calipers to mea-
sure the parietal and frontal bone thickness, at four different points5,11). 

For the last few decades, computerized tomography scan (CT scan) 
added as an advantageous to the measuring the calvarial thickness in 
human beings. The data obtained about calvarial thickness which 
include the racial and gender variation in human is very useful for the 
anatomical researchers, anthropologists, surgeons and surgical screws 
manufacturers12). 

A very few studies of relationship between the pathology and skull 
bone was done, for example a post mortem case of Hyperostosis fronta-
lis interna (HFI) in a 56-year-old post-menopausal woman with irregu-
lar, thickening of the internal surface of the frontal bone revealed an 
organized trabecular pattern with overall thickening of the cancellous 
bone13). In addition, a study showed that there was significantly thicker 
occipital and temporal skull bones in the patients suffering from chronic 
tension headache in comparison to normal control group14). 

On the other hand, osteoporosis and its associated fractures occurs 
commonly in 40% of women and 13% of men of age older than 50 
where its common sites are the hip, spine and forearm15). An antiepilep-
tic drug (AEDs), carbamazepine (CBZ) which is a P450 enzyme inducer 
is known to augments the breakdown of vitamin D16). Reduced vitamin 
D produced bone turnover as well osteopenia in addition to P450 
enzyme inducing antiepileptic drugs17). It is predicted that AED treat-
ment for more than 5 years of patients age of 50 or older having great 
risk for osteoporotic fractures17,18). These studies have suggested that 
AEDs can adversely affects the bone health. 

The current study is to examine the thickness of frontal bone at the 
three different levels in the epileptic male patients (who have history of 
anti-epilepsy medication taken more than 5 years) by the radiographic 
view (2D CT scan) and medical image processors: Materialize Mimics 
(17.02) software. 

MATERIALS  AND  METHODS

In this retrospective study, two groups were selected consists of 17 
epileptic male patients who were taken antiepileptic medication for the 
last five years (at the time of study) and 17 male as control group. The 
age of both groups were in between 18 to 60. To measure the skull bone 
thickness of the groups, CT scan images were collected from Radiology 
Department, Hospital USM. CT images of skull bones were retrieved 
from the PACS Server to a Dell Precision T7500 workstation in Digital 
Imaging and Communications in Medicine (DICOM) format. 2DCT 
scans of bone window images of the frontal bone were visualized by 
Materilize Mimics (17.02) software. In the sagittal view, the frontal 
bone was divided into three regions for the study i.e. lower third around 
frontal sinus; middle third at level of frontal tuberosity and upper third 
above tuberosity and towards junction with parietal bone. Thickness of 
frontal bone at various points in lower, middle and upper thirds was 
measured with the help of CT scan. All measurements were achieved 
using the Mimics software image analysis frameworks. For the mea-
surement of the frontal skull bone thickness reference of point measure-
ment was shown by Figure 119). For that purpose, three points were con-
sidered: 

1) Point one --- At the glabella
2) Point two --- At bregma 
3) Point three --- Midway between point one and two in the midline.

The average thickness of above mentioned three points will be cal-
culated. 

Data Analysis
The results were analyzed by the Mann-Whitney U test to evaluate 

if there were any significant differences have seen in the measurements 
between the epileptic male and control male groups. SPSS (Statistical 
Package for the Social Sciences) (24.0 for Windows) (Chicago, IL, 
USA) was used to perform the analysis. The significant difference was 
determined by a p-value of less than 0.05. 

RESULTS

The results are shown in Table 2. It showed that 3 raters survey the 
frontal bone measurement on three bony landmarks. 

Results of first rater:
Table 2-1 shows the four bony landmarks of the frontal bone were 

shown in male between control and epilepsy groups. The values of epi-
lepsy groups at the level of glabella, in between glabella and bregma, 
and at the level of bregma and mean were 16.28 ± 2.64mm, 6.20 ± 
1.49mm, 7.16 ± 2.08mm, 9.87 ± 1.26mm consequently which shows 
that the values were higher in epileptic male groups than in control 
group (Table 2-1).

Results of 2nd Rater:
Table 2-2 showed skull bone thickness seen in the frontal bone at 

the 4 different levels in male between control and epilepsy groups. The 
significant differences (p = 0.020) presented in mean values in between 
control and epilepsy groups. The average values of epilepsy male 
groups were 16.32 ± 3.22 mm, 8.12 ± 2.18 mm, 8.14 ± 1.49 mm & 
10.86 ± 1.24mm at the level of glabella, in between glabella and breg-
ma, and at the level of bregma and mean of the above 3 values were 
respectively which shows that the values were higher in epileptic groups 
than in control groups in male populations (Table 2-2).

Table 1: The definitions of the bony landmark of skull bone
 Glabella The smooth part of the forehead above  
  and between the eyebrows.

 In between glabella and bregma Midway between glabella and bregma

 Bregma The bregma is the anatomical point on  
  the skull at which the coronal suture is  
  intersected perpendicularly by the sagit- 
  tal suture.

 Average Mean values of these three landmarks

Figure 1: Measurement of frontal bone thickness by 2D-CT scan

Table 2-1: Skull bone thickness measurement was shown in 
male between control and epilepsy groups 

 Parameters  Control. male  Epilepsy. male  p 
 (in mm) (mm) (mm) value

 Glabella 16.14 ± 3.05 16.28 ± 2.64 0.98

 In Between 6.05 ± 2.03 6.20 ± 1.49 0.79

 Bregma 6.76 ± 1.72 7.16 ± 2.08 0.51

 Mean 9.64 ± 2.00 9.87 ± 1.26 0.65
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Results of third rater:
Table 2-3 showed the skull bone (frontal) thickness between control 

and epileptic groups in male population. Significant differences were 
not seen in values between control and epilepsy male population. The 
average values are higher in between glabella and bregma, at the level 
of bregma and mean values in epileptic male group, the values were 
7.54 ± 1.81mm, 7.61 ± 2.26 mm & 9.68 ± 1.08 mm but at the level of 
glabella the value was 14.13 ± 3.81mm which was lower than control 
(Table: 2-3).

In the table 2-4 showed the average results of 1st, 2nd and 3rd rater. 
Study showed the values in between glabella and bregma, at the level of 
bregma and mean values were significantly higher (7.29 ± 0.80 mm, 
7.64 ± 0.40 mm, 10.14 ± 0.52 mm) in epileptic male group but the val-
ues of glabella (15.58 ± 1.02 mm) was significantly lower in epilepsy 
compare to control male groups (Table 2-4).

DISCUSSION

The thickness of the frontal bone was measured in three separate 
parts of the skull in both epileptic patient and control male group. 

Average of present study showed mean values were significantly 
higher (at the level of in between glabella and bregma, bregma and 
mean) 7.29 ± 0.80 mm, 7.64 ± 0.40 mm, 10.14 ± 0.52 mm respectively 
in epileptic male group but the values of glabella (15.58 ± 1.02 mm) 
were significantly lower in epileptic group compared to control male 
groups. These numbers show the thickness of the frontal bone in the 
epileptic male group may been altered.

PE Jacobsen et al., (2008) showed in their study of radiographic 
view of the skull thickness associated with skeletal deep bite patients18). 
Their study showed mean of frontal bone thickness was 6.33 ± 0.97 mm 
in patients with skeletal deep bite which was significantly thicker skull 
than subjects with normal occlusion and normal vertical craniofacial 

morphology. Our result is comparably identical to their result which 
speculate the skull bone can be changed. 

Another study by the Baral P et al., (2014) in their study observed 
the calvarial thickness of Nepalese skulls by CT scan19). The mean val-
ues of thickness of frontal bone was calculated 5.8 ± 2.1 mm. 
Interestingly there was no significant difference between male and 
female frontal bone thickness (p > 0.05) showing that Nepalese cala-
varia has no sexual dimorphism. Similarly a study by Farzana et al., 
(2018) similar no differences between two sexes with a normal comput-
erized tomography of CT scan of the head12). Here, the average values of 

Table 2-2: Skull bone thickness measurement was shown in 
male between control and epilepsy groups 

 Parameters  Control. male  Epilepsy. male  p 
 (in mm) (mm) (mm) value

 Glabella 15.33 ± 2.40 16.32 ± 3.22 0.438

 In Between  6.73 ± 1.99 8.12 ± 2.18 0.065
 Glabella and 
 Bregma

 Bregma 7.24 ± 1.51 8.14 ± 1.49 0.102

 Mean 9.77 ± 1.41 10.86 ± 1.24 0.020

Table 2-3: Skull bone thickness measurement was shown in 
male between control and epilepsy groups 

 Parameters  Control. male  Epilepsy. male  p-
 (in mm) (mm) (mm) value

 Glabella 15.66 ± 3.02 14.13 ± 3.81 0.273

 In between  6.76 ± 1.54 7.54 ± 1.81 0.221
 Glabella and 
 Bregma

 Bregma 6.84 ± 1.05 7.61 ± 2.26 0.278

 Mean 9.76 ± 1.65 9.68 ± 1.08 0.850

Table 2-4: Skull bone thickness measurement was shown in male 
between control and epilepsy groups 

 Parameters (in mm) Control. male (mm) Epilepsy. male (mm)

 Glabella 15.71 ± 0.33 15.58 ± 1.02

 In between Glabella  6.51 ± 0.33 7.29 ± 0.80
 and Bregma

 Bregma 6.95 ± 0.21 7.64 ± 0.40

 Mean 9.72 ± 0.06 10.14 ± 0.52

Figure 2: Bar diagram shows average values of skull bone mea-
surements of three evaluators at the level of glabella, in 
between glabella and bregma, Bregma and mean val-
ues.

Figure 3: showed the 2D CT scan view of skull bone thickness 
(frontal bone) at the level of (a) glabella (b) bregma (c) 
In between glabella and bregma

(a) (b)

(c)
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upper 3rd frontal bone thickness (mm) was 6.14 + 1.13, Middle 3rd 
frontal bone thickness was (mm), 6.35 + 1.43, Lower 3rd frontal bone 
thickness was (mm) 6.44 + 1.35 which did not show any significant dif-
ferences. This shows in future studies, the female subject involvement 
can be considered. 

The comparison of frontal bone thickness provides data that can 
help the process of diagnosis, causes, investigations, and treatment plan-
ning, types, especially (in frontal lobe epilepsy) of epileptic male 
patients. The usage of Mimics 17.02 software in measuring skull thick-
ness was easier, faster, precise, and accurate than before. To the best our 
knowledge, lack of paper has been published of the skull bone thickness 
in male epilepsy patients compared with control male group. The grand-
ness of this work is to furnish the standard values of data that can be 
employed to construct the epileptic patients which may contribute to 
deepening phenotypic evaluation in the future.

CONCLUSIONS

The study showed the thickness values in between glabella and 
bregma, at the level of bregma and mean values were significantly high-
er in the epileptic male group while the values of glabella were signifi-
cantly lower in epileptic compare to control male groups. It can be con-
cluded that epileptic male group have thicker frontal bone compare to 
the control group. 
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