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ABSTRACT

Background: Computerized tomography scan (CT scan) can be useful for the measuring the calvarial thickness in
human beings. This could help in identifying the racial and the gender variations in calvarial thickness in a
population. The data obtained about calvarial thickness study in human population may be useful for researchers,
anatomists, anthropologists, surgeons and manufacturers of surgical screws.

Methods: This was an observational study carried out on 104 subjects, with a normal computerized tomography CT
scan of the head. Any subject with a skull fractures or an underlying intracranial lesion were excluded from study. A
total of 52 males and 52 females who presented in the radiology department for CT head were studied in a
consecutive manner. The thickness of skull bone was measured on console (Somatom, Siemens 16 slice).

Results: Our study population consisted of 52 male and 52 female subjects. The mean age for males was 48.03
(Range 18-70) years and while as the mean age of females was 47.37 (Range 18-73) years. We did not find any
difference in the thickness of the frontal bone at upper third, middle third and lower third between the two sexes.
However, the posterior third parietal bone, the anterior and middle third occipital bone was significantly thicker in
females when compared to males.

Conclusions: Our study suggests that the anterior third of the parietal bone has a more calvarial thickness on the right
side than on the left side in both males and females. However, the female calvarium has a significantly thicker
calvarium at the posterior third parietal; anterior and middle third occipital bones when compared to male
counterparts showing a sexual dimorphism in our study population.
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INTRODUCTION

Computed tomography (CT) scan has revolutionized the
imaging and diagnosis of calvarium in the last few
decades. Computerized tomography scan (CT scan) can
be useful for the measuring the calvarial thickness in
human beings. This could help in identifying the racial
and the gender variations in calvarial thickness in a

population. The data obtained about calvarial thickness
study in human population may be useful for researchers,
anatomists, anthropologists, surgeons and manufacturers
of surgical screws.!* It may be also helpful in
reconstructive plastic surgeries as skull is a frequently
used site of bone graft harvest. Previous studies from
Chinese, and Japanese population have tried to measure
the cranial thickness with conflicting results about the
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relationship between cranial vault thickness with age, sex
and general body build.?* As we do not have any
available data on the calvarial skull thickness from the
Indian population, we undertook this study to measure
the calvarial thickness in Kashmiri population from the
Indian subcontinent.

METHODS

This was an observational study carried out on 104
subjects, with a normal computerized tomography CT
scan of the head. Any subject with a skull fractures or an
underlying intracranial lesion were excluded from study.
A total of 52 males and 52 females who presented in the
radiology department for CT head were studied in a
consecutive manner. The thickness of skull bone was
measured on console (Somatom, Siemens 16 slice).

The three parts of skull frontal, parietal and occipital
were further divided for into 3 parts each for the sake of
uniformity of measurement. Parietal region was measured
on both right and left sides and the two sides were
compared with each other. The frontal bone was divided
into three regions for the study; lower third around frontal

sinus; middle third at level of frontal tuberosity and upper
third above tuberosity and towards junction with parietal
bone. The parietal bone was divided into three regions for
the study between the coronal and lamdoid suture
(anterior third towards coronal suture; middle third
midway between the coronal and lamdoid suture; and
posterior third towards lamdoid suture. The occipital
bone was similarly divided into three regions for the
study (lower third towards occipital protuberance; middle
third midway between lamda and occipital protuberance
and upper third towards lamda). The measurements thus
obtained were analysed using SPSS version 20. The
difference between male and female sex in each
parameter was compared using Mann-Whitney U test.
Similarly difference between right and left parietal bone
and different levels were analysed.

RESULTS

Our study population consisted of 52 male and 52 female
subjects. The mean age for males was 48.03 (Range 18-
70) years and while as the mean age of females was 47.37
(range 18-73) vyears. The different dimensions are
tabulated in Table 1.

Table 1: Comparison of thickness of skull at various points.

Thickness Male
Upper 3" frontal (mm) 6.14 +1.13
Middle 3" frontal (mm) 6.35 +1.43
Lower 3" frontal (mm) 6.44 +1.35
Anterior 3" parietal (mm) 4.46 +0.78
Middle 3" parietal (mm) 4.33 +0.74
Posterior 3" parietal (mm) 4.65 +0.9
Anterior 3™ occipital (mm) 8.01 +1.04
Middle 3™ occipital (mm) 8.29 +1.32
Posterior 3" occipital (mm) 9.97 +2.62

Table 2: Comparison of right and left side parietal

bone.
Thickness Right side  Left side a
value
H rd
e 474081 4434095 S

parietal (mm)
Middle 3"
parietal (mm)
Posterior 3"
parietal (mm)

446 +0.71 4.45+0.71 NS

5.11+1.22 5.08+1.12 NS

We did not find any difference in the thickness of the
frontal bone at upper third, middle third and lower third
between the two sexes. However the posterior third
parietal bone,the anterior and middle third occipital bone
was significantly thicker in females when compared to
males. (Table 1) Similarly it was observed that in both

Female P value
6.31 +.0.93 NS
6.35 +1.05 NS
6.97 +1.42 NS
4.68 +0.8 NS
4,57 +0.67 NS
5.55 +1.62 S

7.43 +1.17 S
7.31+1.6 S

9.68 +1.85 NS

males and females the right side of the parietal bone was
significantly thicker (p value <0.05) than the left side
Table 2.

DISCUSSION

Skull bone consists of the inner table, outer table and the
middle layer or diploe of cancellous bone.! Computed
tomography (CT) scan has revolutionized the imaging
study of living human body as it can show the images in
cross sectional form. Now a days CT has been much
useful mean for the study of calvarial thickness on living
subjects. One of important advantage of using CT for the
study of calvarial thickness on living subjects is one can
assess, any gender and racial variation. In addition to
effect of nutritional, occupational and geographical
factors on calvarial development and thickness can be
studied.?
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The measurement of the human skull based on CT
images results are of great practical value in the fields of
anatomy, clinical medicine, biomechanics study and head
injury analysis.® The total skull bone thickness is the total
thickness of diploe and the external and internal tables.
Numerous studies have used different radiological tests
for assessment of cranial thickness like A-mode
ultrasound, CT and MRI. The thickness and the breadth
of the human skull are variable and in general females
tend to have thicker skulls than their male counterparts.*

Several authors have recorded a slight increase in cranial
thickness with age and have related the frontal bone
thickness increase to hyperostosis of frontalis interna.>’
However other authors found that age-related increase in
thickness, may be a result of inconsistencies in the
radiologic examination.®® It is assumed that hyperostosis
frontalis interna is caused by a prolonged oestrogen
production in females.’® Ross et al found a 10%
frequency of hyperostosis frontalis in females.” Ishida
and Lynnerup found that there was no significant
relationship between age and diploeic thickness.'t*?
However in our study we did not find any dimorphism in
the frontal bones between the two sexes. This may be a
result of racial and ethnic differences between our study
and the studies conducted by Ross.”

Many investigators carried out computed tomographic
study of calvarial bones in different perspectives. Gerhard
et al carried-out thickness mapping of the Occipital bone
on CT-data and opined that information about the
thickness of cranial bones are not only of great medical
interest, particularly for pre-operative surgical planning,
but can be useful for investigations of fossil hominid
material.*3

Ross MD et al investigated skull thickness of Black and
White races and found that White women have the
thickest and White men the thinnest skulls. The skulls of
women were statistically significant thicker than those of
men in both ethnic groups.!® Ross AH et.al had done
research on cranial thickness in American females and
males with an objective to examine sex and age variation
in cranial thickness in a White sample. An increase in
cranial thickness with age was observed and there was no
statistical difference in calvarial thickness between male
and female.”

Contrary to the Ross et al finding, Hatipoglu HG et al
found sexual dimorphism in all craniometric data
observed positive correlation between body mass index
and diploeic thickness.’* Hwang K et al carried out
thickness mapping of the parietal bone in Korean adults
and concluded that the parietal bone tended to be thicker
towards the Lamda point than at the coronal suture area.™®
Daniel Novakovie et al carried out computed
tomographic analysis of outer calvarial thickness for
osseointegrated bone-anchored hearing system insertion.
A total of 195 temporal bones were examined in 100
patients; mean patient age was 60.9 years, of whom

54.4% were males and 45.6% were females. Mean
calvarial thickness was greatest at +1 cm above external
auditory canal level i.e.6.3mm Such data can be useful
for surgeons for planning different burr holes at different
positions and for cranioplasties.® In contrast to these
studies the craniometric measurements from our study
showed that posterior parietal, anterior occipital and
middle occipital bone thickness is more in females than
in the male population. Hence there is a selective
craniometric increase in thickness in posterior parietal
and occipital bones when compared to other populations.
Similarly, the anterior third of right parietal bone was
significantly thicker when compared to the left parietal
bone.

CONCLUSION

Our study suggests that the anterior third of the parietal
bone has a more calvarial thickness on the right side than
on the left side in both males and females. However, the
female calvarium has a significantly thicker calvarium at
the posterior third parietal; anterior and middle third
occipital bones when compared to male counterparts
showing a sexual dimorphism in our study population.
More studies enrolling other centre’s need to be carried
out, to confirm these findings.

Funding: No funding sources

Conflict of interest: None declared

Ethical approval: The study was approved by the
Institutional Ethics Committee

REFERENCES

1. Gregory BA, Snow RD, Brogdon BG, Williams JP.
Value of bone window images in routine brain CT:
Examinations beyond trauma. Appl Radiol.
1997;26.

2. Baral P, Koirala S, Gupta MK. Calvarial Thickness
of Nepalese skulls-Computerised Tomographic (CT)
study. Anat Physiol. 2014,4:140.

3. LiH,Ruan S, Peng X, Xie Z, Wang H, Liu W. The
thickness measurement of alive human skull based
on CT image. Sheng wu yi xue gong cheng xue za
zhi. J Biomed Eng. Shengwu yixue gongchengxue
zazhi. 2007;24(5):964-8.

4. Li H, Ruan J, Hao WZ, Wengling L. Investigation
of the critical geometric characteristics of living
human skulls utilising medical image analysis
techniques. Inter J Vehicle Safety. 2007;2:345-67.

5. Angel L. Skull vault thickness variation. American J
Physical Anthropol. 1971;35:272.

6. Schmitt HP, Saternus KS. Beitrage zur forensischen
Osteologie. Ill. Zur Frage der Bestimmung des
Individualalters an Hand der Dicke der
Schédelkalotte.  Zeitschrift fur Rechtsmedizin.
1973;72(1):40-9.

7. Ross AH, Jantz RL, Mc Cormick WF. Cranial
thickness in American females and males. J
Forensic Sci. 1998;43(2):267-72.

International Journal of Research in Medical Sciences | March 2018 | Vol 6 | Issue 3 Page 915



10.

11.

12.

13.

Farzana F et al. Int J Res Med Sci. 2018 Mar;6(3):913-916

Israel H. Age Factor and the Pattern of Change in
Craniofacial Structures. Ame J Phys Anthropol.
1973;39:111-28.

Tallgren A. Neurocranial morphology and ageing-a
longitudinal roentgen cephalometric study of adult
Finnish women. Ame J Phys Anthropol.
1974;41(2):285-93.

Ross MD, Lee KA, Castle WM. Skull thickness of
Black and White races. S Afr Med J.
1976;50(16):635-8.

Ishida H, Dodo Y. Cranial thickness of modern and
Neolithic populations in Japan. Human Biology
1990;62:389-401.

Lynnerup N. Cranial thickness in relation to age, sex
and general body build in a Danish forensic sample.
Forensic Science International. 2001;117:45-51.
Weber GW, Kim J, Neumaier A, Magori CC,
Saanane CB, Recheis W, et al. Thickness Mapping
of the Occipital Bone on CT-data-a New Approach

14.

15.

16.

Applied on OH 9. Acta Anthropologica Sinica.
2000;19:52-61.

Hatipoglu HG, Ozcan HN, Hatipoglu US, Yuksel E.
Age, sex and body mass index in relation to
calvarial diploe thickness and craniometric data on
MRI. Forensic Sci Int. 2008;182(13):46-51.

Hwang K, Kim JH, Baik SH. Thickness mapping of
the parietal bone in Korean adults. J Craniofac Surg.
1997;8:208-12.

Novakovic D, Meller CJ, Makelam JM, Brazier D,
Forer M, Patel NP. Computed Tomographic analysis
of outer calvarial thickness for osseointegrated
bone-anchored hearing system insertion. Otology
Neurology. 2011;32(3):448-52.

Cite this article as: Farzana F, Shah BA, Shadad S,
Zia ul Haqg P, Sarmast A, Ali Z. Computed
tomographic scanning measurement of skull bone
thickness: a single center study. Int J Res Med Sci
2018;6:913-6.

International Journal of Research in Medical Sciences | March 2018 | Vol 6 | Issue 3 Page 916



