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INTRODUCTION 

   

     The skeleton of the head as a whole is called as skull. Skull has cranial vault and base.  

Skull consists of series of bones, mostly united at immovable joints. The upper brain box is 

called the cranial vault. Cranial vault is also known as calvaria
1
. 

    

     In dry skulls both the cavities and channels are filled with air, as these are empty spaces 

arranged in the manner of tiny compartments. Their organisation changes in different regions 

of the skull and can be altered in some pathological cases 
2
. 

     

       Cranial vault is formed by a parietal, occipital, frontal bones and squamous part of the 

temporal bone. Most calvarial bones are united by fibrous interlocking sutures. A fully 

developed suture persists as an unchanged structure only for a defined period of time 
3
. 

 

    Later its structure is subjected to variable morphological changes, which are related to the re 

organization of the bone tissues that comprise the sutural areas and finally lead to total 

ossification of the suture. Morphological changes of the cranial sutures area correlated with 

ageing process 
4
. 

       The calvarial bones are flat bones in which there is inner and outer table of bones are 

made up of compact bone. In between them there is a spongy layer of bone which is called as 

diploeic tissues. It contains diploeic vein and marrow tissue.  Diploic veins were appeared to 

be very critical pattern in humans than in nonhuman primates 
5
. 



 

       Most accelerated growth rates of thickness of mean cranial vault occur during the first 6 

years of life. The development of the cranial bones is almost completed by the pediatric group 

6
. 

      The structure of the bony elements can be visualised by computer assisted tomography 

(CT). This technique produces a stack of CT scans imaging consecutive sections of the skull. 

Hence three-dimensional reconstruction can be involved in anatomical study, contributing to 

spatial imaging of the regions of the skull examined 
7
. 

  

       There is a different variety of calvarial lesions will be present. Those are identified as 

palpable masses or as incidental findings in radiographic studies. Their true causes may be 

puzzling when the medical evaluation, by based only on imaging findings. Computed 

tomography (CT) is the method of choice for the assessment of bone lesions 
8
. 

 

     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, if any, gender 

and racial variation as well as other influencing factors like nutritional, occupational, 

geographical etc. whereas the limitation being difficulty in precise location of various specific 

points on calvaria for measuring thickness.  

          



        The calvarial thickness study in human population is carried out for recording database 

which is useful for researchers, anatomists, anthropologists, surgeons and manufacturers of 

surgical screws. The main importance and goal of this study will be useful for the intracranial 

reconstructive surgeries and other biomechanical models 
9
. 

      Both the calvaria and skull base sutures were accurately identified by axial and coronal 

high-resolution thin-section scans when bone window algorithms were used. Evolution 

changes of the sutures and synchondrses, the inner and outer tables, and the diploeic spaces 

were all well defined. Vault sutures could be identified routinely in children, but their presence 

in adults varied considerably 
10

. 

       The thickness of the human cranial vault has been investigated earlier, but not the least in 

terms of the relationship between cranial thickness and sex, age and general body build, these 

studies have mostly addressed the cranial vault and diploic space. Very few studies have 

addressed the diploeic thickness. Those studies have mainly dealt with the sex and age. The 

diploeic and cranial thickness is an important variable to consider when carrying out 

biomechanical modelling of the skull. This may be become an interesting venue of research, 

e.g. in terms of modelling cranial fractures in forensic pathology 
10

. 



 

       The most frequent injuries resulting from traffic accidents will be the head injury. Head 

injury mechanisms are difficult to understand and study experimentally due to the variety of 

impact conditions involved, as well as ethical issues, such as the use of human cadavers and 

animals. The study of the various  thickness of those bones are  very useful to the surgeons, 

especially neurosurgeons while performing craniotomy, burr hole surgeries and other 

interventional procedures 
11

. 

 

      Various measurement of skull (krogman) alone may helps to determinate the age and 

gender in around 90 percent of the population. The study of cranial vault thickness of these 

bones has an informative parameters to assess the age and gender of the individuals in the field 

of forensic medicine and other fields in neurosurgeons, radiologist, other field of research 

holders 
12

. 

  

     Surgical intervention of cerebral hemisphere for both a diagnostic and therapeutic purpose 

is made through the cranial vault by the craniotomy surgery and burrhole surgery.  Those 

surgical procedures help to reach the anterior and middle cranial cavity structures. The 

preliminary steps of any surgical intervention of brain are trephining the calvaria at various 

suitable and safest places 
13

. 

  

     This also helps the radiologist to know about the nomogram for various thicknesses of 

calvaria to determine the age and sex of the individuals and make bio mechanical models. 

 



     This will be an interesting field for research, In terms of, remodeling the fracture of the 

cranial bones, as seen in forensic pathologies, also in the cross-sectional proportional study of 

compact and cancellous bones. 

 

. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

OBJECTIVES OF THE STUDY 

 

 

     1. To measure the thickness of the cranial vault and study its correlation with    age, sex, 

height, weight, head circumference in the age group of 5 to 15 years. 

 

 

     2. To make a correlative study of the diploeic thickness with the age, sex, height, Weight, 

and head circumference in the age group of 5 to 15 years. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



REVIEW OF LITERATURE 

 

 
      Previous study analysis reveals that the thickness of the cranial vault and      diploeic space 

was studied only in adults. No study has been conducted in pediatric age group. Thus the 

present study is one of its unique kind where in thickness of cranial vault and also diploeic 

space are measured in pediatric age group and its correlation are done with age, sex, height, 

weight and head circumference 
14

. 

 

1. Ann H.Ross, Richard L. Jantz, et al. In 1998 in their study they examined the range of 

cranial thickness variation. The method consists of excising the four cranial segments from the 

frontal and parietal regions. The samples consist of 165 specimens collected at autopsy and 15 

calvarial specimens. The locations  for the parietal and frontal eminences were selected for 

thickness measurements. Because they are consider to be least affected by structural 

variations. The measurements were taken with mitutoyo dial calibers to the nearest tenth of a 

millimeter. They are concluded an increase in cranial thickness with age was observed 
15

. 

 

       2. Ebraheim NA et al. in 2007 in their study have measured the thickness of outer and 

inner tables and diploe of skull. Results have shown that the mean anterolateral cranial 

thickness was 7.36±1.57 mm. The average cranial thickness of the outer table, diploeic, and 

Inner table were 2.24±0.44 mm, 1.52±0.41 mm and 3.59±1.70 mm respectively. The mean 

posterolateral cranial thickness was 9.47±1.12 mm. The average cranial thickness of the outer 

table, diploeic, and Inner table were 4.32±0.92 mm, 1.88±0.35 mm and 3.27±1.21 mm 

respectively
16.

 



 

 3.  In 1924, Todd to concluded that the variation in his data demonstrated “the utter 

impossibility of predicting the probable thickness of the cranium at any age and the error into 

which one may fall if one attempts to use mere cranial thickness as an indicator” 
17

. 

 

 4. H.P. Schmitt et al in 1972 published that the mean thickness of the whole cranial vault from 

ten measurements does not have a strong correlation to age and therefore there is no further 

advantage in determination of age. The reason stated by them was the weak correlation 

between the thickness of the os frontale and age in females. Thus it is not possible to estimate 

individual age from calvarial bone thickness within useful limits 
18

. 

 

    5. Lynnerup N. in 2001 conducted a study on human cranial vault thickness in relation to   

age, sex, height and weight in the age group of 16 to 90 years. He measured cranial vault 

thickness from the trephine biopsies of 64 autopsied individuals, selecting four sites of the 

cranial vault in each person: (1) In bregma, 1cm front; (2) In lambda, 1 cm behind; (3) right 

pterion and (4) left pterion at the Institute of Forensic Medicine, University of Copenhagen. 

He analysed that there was no correlation between thickness of the cranial vault measurements 

and parameters like weight, sex, height and age of the individuals. Thus they concluded that 

thickness of the cranial vault cannot be used in sexing or aging of human remains in the adult 

population (above 16 years) 
19

. 

 

    6. In 2005 Lynnerup et al conducted another study selecting the four similar sites like the 

previous study as stated above. But in this study assessment the thickness of human cranial 



diploe in 64 autopsied bodies in relation to age, sex, height and weight of the individuals was 

carried out. Individuals belonging to the age group 16 to 90 years were considered.  

 

     They found no statistically significant differences between females and males for the 

diploeic thickness. Except for the frontal biopsies where there was a statistically significant 

difference. Males were having the thickest measures than females. Between diploeic bone 

layer thickness and age, height, weight of the individual, no correlation was seen 
11

. 

 

    7. In 2013 Lynnerup et al conducted the study of the main issue in forensic anthropology is 

human identification, most often from the human remains.  

 

         The cranial vault biopsies were taken from four sites on each individual (1) 1 cm in front 

of bregma, (2)1cm behind lambda, (3) left euryon and (4) right euryon. 

 

         They used x – rays to visualize the bone components, in order to measure the diploeic 

thickness. They did not found significant cranial thickness between the males and females 

except for right euryon were there was significant different with females they having thicker 

measures. 

 

          Regarding diploeic thickness, they did not found any statistical significant different 

between females and males 
20

. 

 



   8. Francesquini junior et al to study different characteristics between skull from both sexes 

by evaluating the mastoid notch to mastoid notch, and incisive foramen to basion. 

 

      They selected 200 skulls with information about the age of the subject (25 to 55 years old) 

and sex and ethnic group known according to records located in the cities. They are taken 

measurement by using the digital caliper.  

 

       In the result they conclude in all the cases the average distance was smaller in females 

than males. Anthropological measurement offers a simple and cost effective method for 

determination of the sex of the individual 
12

. 

   

 9. Hakeem babatunde fewehinmi, in his study he concluded the vault of the skull is made up 

of number of flat bones with two layers of compact bones which separated by the cancellous 

bone called diploeic. 

 

      Growth of the face is rapid about 7 years of age during that skull growth and shape also 

will be modified. 

 

     Accurate determination of sex from the human skull is great importance to osteologists and 

forensic anthropologist for the individual identification. The skull is the most studied bone in 

sex assessment and the level of reliability of 92% using the skull alone, 98% by combing the 

skull and pelvic bones 
21

. 

 



10. vedat sabanciogullari et al studied the relationship between the total cranial vault thickness 

and diploe in the elderly individual. The study is the classification of the thickness of the 

diploe, inner table, outer table and total calvarial thickness at different point of the cranium. 

The measurements were made at various points in cranial MR images of 220 cases. 

 

      There were positive linear correlation between diploeic thickness and age except right 

euryon point, 1cm inferior to lambda and opisthocranion. The result of this study is leading to 

determine the sex and age: surgical intervention of the cranium and bone graft choice and may 

increase the reliability of the surgery 
22

. 

 

11. Julie gosselin et al, the study conclude the better way to document the relation between 

brain and skull could be rely on the correlation between head circumference and body growth 

parameters  

 

       The study concluded the classical assessment considers mainly the HC parameter. This 

might be misleading when used without complementary assessment such as estimation of 

head-body proportion and examine the cranial sutures 
23

.   

 

12. Chimmalgi M, Kulkurni Y, Sant SM, the study concluded the sexing of the skull has great 

implication in medico legal cases. This study was conducted on 85 adult skulls with the known 

sex. The measurements were taken with the help of vernier calipers, spreading calipers and 

steel probes 
14

. 

 



       Traditionally sexing of the skull has based on the non- metrical traits (krogman 1962, 

berry 1975). Non metrical differences are mainly in facial skeleton, cranial vault and 

mandible. 

 

       The combination of the three parameters (Bizygomatic diameter, area of foramen ovale 

and area of carotid canal opening ) was considered only 68% of male skulls and 50% of female 

skulls could be identified with 100% accuracy
14

. 

 

      13. Calvarial bones are referred to as „dermal bones‟ in deference to their alleged ancient 

origin of phylogenetic. The Inner tables of compact bones are more brittle and thinner while 

the outer table tends to be more resilient and thicker. So, it plays an important role in 

examining the skull fractures caused by either sharp trauma or blunt injury.  

 

      In different regions of the skull bones are seen varying in thickness, tending to be thinner 

in the regions where covered by muscles, e.g. in the temporal region, and thicker in regions 

where muscles are attached e.g. in the occipital region. The thinner regions are more liable to 

get fractured 
24

. 

 

   14. Moreira-Gonzalez et al the study was define the variability in skull thickness. Skull 

thickness was measured in multiple areas of calvaria in 281 dry skulls. Total of 40 points were 

determined over frontal, occipital, parietal bones, with higher number of points on the parietal 

bone 

 



       They conclude thickest area of the skull is the parasagittal posterior parietal area in male 

skull and the posterior parietal area midway between the sagittal and superior temporal line in 

female skulls. The mean thickness of the skull across in the location was 6.32mm and range 

from 5.3mm to 7.5mm. 

 

       The study was found no statistical significant with age and mean skull thickness.  This 

study will assist the surgeons in choosing the safest area of cranial bone graft harvest 
25

. 

 

15. Elahi MM et al aim of the research represents the first attempt to examine reliability of 

ultrasound to cranial vault thickness. Four previously studied calvarial sites were marked in 10 

adult male cadaveric skulls. The points were insonified using an A-mode ultrasonic transducer 

operating in pulse- echo mode. 

 

      The mean difference in cranial bone thickness was 0.16mm, with a standard deviation of 

0.09mm.A- mode ultrasound can have significant implication in guiding the harvest of split 

cranial bone graft 
26

. 

 

16. Kline, RM; wolfe,SA, they are studied the complications associated with the harvesting of 

cranial bone grafts and they are determined the incidence of serious neurologic injury 

associated with the harvesting of cranial bone grafts. 

 

     They survey respondents reported that they were performed12672 cranial bone graft 

harvestings. In that they are revealed temporary neurological complications were associated 



with grafting harvesting in 3 cases. They are identified the 8 other neurological complication 

cases. 

 

        Five cases were performed by surgeon having little or no experience in harvesting in 

cranial bone grafts, and three were performed by who having the limited training. They 

conclude with extremely low incidence of serious complications by surgeons who have had 

proper training 
27

. 

       

       The cranial sutures are the fibrous tissues uniting the skull bones as they approximate one 

another during development. It was explained that, during Development, these sutures are 

remain patent, allowing the cranial vault to expand for accommodating the growing of brain. 

After cessation of growth, many bones of the Skull fuse and the intervening sutures are 

obliterated by calcified tissue (synostosis).  

 

     In some cases, complete closure will obliterate any signs of the cranial sutures. If a cranial 

suture closes prematurely, i.e. before growth of the skull has ceased, this may result in a 

marked malformation of the skull (craniostenosis)
28

. 

 

NORMAL ANATOMY 

 

   The skull is formed by a number of separate bones. The adult skull may be linked to an 

eggshell and the young child skull may be linked to a table tennis ball. Skull consists of two 

parts, the facial skeleton and the neurocranium. The neurocranium is the bony case of the brain 



and its membranous coverings, the cranial meninges. In adults neurocranium is formed by a 

series of eight bones: four singular bones centered on the midline (frontal, sphenoidal, 

occipital and ethmoidal) and two set of bone, occurring as both sides of pairs (parietal and 

temporal).   

 

Figure 1: The bones forming calvaria of skull.  

 

 

 
 

 

 

 

      



      The neurocranium has a floor or cranial base (basicranium) and a dome- like roof, the 

calvaria (skull cap), Calvaria is also known as cranial vault. The term „calvaria‟ is latin and 

specifies “the upper part of the head” which encapsulates the brain
 29

. 

                 

     In anatomy, a suture is a fairly rigid joint between two or more hard elements such as the 

bony plates of the skull that part of the skull enclosing the brain, the braincase. The word 

suture is derived from Latin word sutura, which means seam like or series of stitches 
30

. 

 

      A suture is a type of synarthrosis (fibrous joint) which only occurs in the cranium (skull). 

At birth, many of the skull bones to remain unfused, it is normal. The term "fontanelle" is 

described to "soft spots".  In adult relative positions of the bones continue to change (though 

less rapidly), which can provide useful information in forensics and archaeology. In old age, 

cranial sutures may ossify (turnto bone) completely 
31

. 

 

     Most calvarial bones are united by fibrous interlocking sutures. The cranial vault is formed 

by four bones and three prominent sutures. Shape of the cranial vault is ellipsoid or modified 

ovoid. Four bones are namely squamous part of frontal bone anteriorly, occipital bone 

squamous part posteriorly with two parietal bones lying in between them. Three sutures are the 

coronal suture representing the junction of posterior margin of frontal with anterior margin of 

two parietal bones, the sagittal suture between the two parietal bones in the midline and the 

lambdoid suture placed at the junction of superior border of occipital and two parietal bones. 

The point of junction of sagittal and coronal suture is the bregma. Its highest point on the 

sagittal suture is the vertex 
32

. 



 

       This in fetal skull is represented by unossified diamond-shaped membrane called as 

anterior fontanelle that persists till 18 months after birth. The lambda, at the junction of 

lambdoid and sagittal suture, is the posterior fontanelle site, which closes at 2 to 3 months after 

birth.  During development, cranial sutures remain patent, allowing the cranial vault to expand 

for the growing brain. After cessation of growth, cranial bones fuse progressively as 

individuals age and the intervening sutures are obliterated over time 
33

. 

 

     The cranial base are primarily contributing by irregular bones with substantial flat portions 

(temporal and sphenoidal) formed by chondrocranium (endochondral ossification of cartilage) 

or from more than one type of ossification. The ethmoidal bone is irregular bone that makes a 

primarily part of the viscerocranium and relatively minor midline contribution to the 

neurocranium. So they called flat bones and flat portions of the bones forming the 

neurocranium are actually curved, with concave internal and convex external surfaces 
34.  

     
The neurocranium is defined as that part of the skull that houses and protects the brain and 

the organs of special sense, whereas the viscerocranium is associated with the cranial parts of 

the respiratory and digestive tract 
35

. 

         

     In the cranial bones, the frontal, temporal, sphenoid and ethmoid bones are pneumatized 

bones, which contain air cells or large sinuses (airspaces), presumably to decrease their 

weight. The total volume of the air spaces in these pneumatized bones increases along with 

age 
34

.   

 



     In the anatomical position, the cranium is oriented such that the superior margin of the 

external acoustic opening of the external acoustic meatus of both sides lies in the same 

horizontal plane and the inferior margin of the orbit. This standard craniometrics reference is 

the orbitomeatal plane (Frankfort horizontal plane) 
34

. 

 

Frontal bone: 

Development & Ossification:  

 

      The Frontal bone develops from membrane of dual ossification centres, the dual 

ossification centres are seen on either side of the midline. By the end of the eighth fetal week, 

the ossification centers appear in the vertical plate above the orbital arch. There is considerable 

bone formation in both the horizontal and vertical portions of the frontal bone by fourteen 

weeks. Progressive narrowing the space between the margins of the ossification centers and it 

continues at a study rate by eighteen weeks. At 36 weeks, the frontal suture is relatively 

narrow; a metopic fontanelle (fonticulus) is present rarely 
17

. 

 

       By about eight years, the metopic suture usually disappears, although it may persist 

throughout life in 0-7.4 % individuals. A persistent metopic suture in radiographic images 

must not be mistaken for a fracture line. When the metopic sutures are complete and extend 

from nasion to bregma, the condition is called as metopism 
36

.  The Frontal air sinuses being 

rudimentary at birth, appear radiographically by 6 years of age because they rarely become 

aerated before age 6 
37. 

 In otherwise normal individuals, both frontal sinuses fail to develop in 



4% of the population 
38

. Frontal sinus begins to develop during first year and reach full 

development between 15
th

 to 20
th

 years.  

 

Gross anatomy: 

 

    The frontal bone forms the forehead skeleton framework, which articulating inferiorly with 

the zygomatic and nasal bones.  Frontal bone is a curved plate of pneumatic flat bone and is 

shaped like cockle-shell. It consists of upper, vertical squamous part and a pair of horizontal 

orbital plates. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 Figure 2: The front view of frontal bone (external surface).   
 

 

 

 

      

      Squamous part forms the fore - head. On each side, the supra- orbital margin forms the 

junction between the squamous part orbital plate. Above each supra orbital margin, the surface 

present curved elevation, the supra ciliary arch. Medial ends of both bony arches meet to form 



a rounded prominence, the glabella, which intervenes between the two eye – brows and is 

hairless or glabrous; hence the name. above the supraciliary arch and separated by a curved 

groove , the external surface displays an elevation on each side , the frontal tuber (or) 

eminences, which is more prominent in females and children.  

 

      The ossific center for each half of squamous part starts from the frontal tuber, and the inner 

surface of tuber accommodates the frontal pole of the brain. The Entire external surface is 

smooth and covered by the frontalis muscle on each side and epicranial aponeurosis 

intervening between them 
39

. 

 

Articulation:  

 

The frontal bone articulates with four cranial bones: right and left parietal, sphenoid, and the 

ethmoid. The frontal bone also articulates with eight facial bones 
37

. 

 

 

 

 

 

 

 

 

 

 



Figure 3: The front view of frontal bone (internal surface).  

 

 

 

 

PARIETAL BONE: 

 

Development & Ossification:  

By the end of the eighth week, the parietal bone ossifies in membrane of a single central 

nucleus. From the central nucleus, Ossification proceeds radially toward the periphery of the 

bone. There is extensive ossification of both parietal bones by 14 weeks. That continues 

growth along all margins throughout fetal life. In Particularly the parietotemporal region, the 



cranial sutures adjacent to the parietal bones are relatively broad at term. The anterior 

fontanelle (fonticulus) is more prominent, but the lateral and posterior fontanelles are small. 

Infrequently, there is a sagittal fonticulus seen.  

 

    The parietal bone ossifies from two centers oriented craniocaudally in rarely. If this parietal 

ossification centers fail to fuse, an anomalous horizontal parietal suture results. Sometimes 

during the first postnatal year, there is one linear strip of unossified membrane along the 

margins of the parietal bone 
17, 3

. 

 

Gross anatomy: 

   The two parietal bones form most of the cranial roof and sides of the skull. Each is 

irregularly quadrilateral and has two surfaces, four borders and four angles. The external 

surface is convex and smooth, with a central prominent eminence called as parietal tuber. On 

either side of sagittal suture lies the inconstant parietal foramen usually transmitting a vein 

from the superior sagittal sinus and sometimes a branch of the occipital artery.  

 

    The internal surface is concave and marked by grooves for the middle meningeal vessels. A 

groove for the superior sagittal sinus lies along the sagittal border, and is completed by the 

groove on the opposite parietal bone. The falx cerebri is attached to the edges of the groove. 

Granular foveolae for arachnoid granulations flank the sagittal sulcus, being most pronounced 

in old age. 

 

 



Figure 4: The external surface of both parietal bones.  
 

 

 
 

 

 

 

 

 

 

     



Figure 5: The internal surface of both parietal bones.
 
 

 

 

 

 

 

    The dentated sagittal border, longest and the thickest, articulates with the opposite parietal 

bone at the sagittal suture. In the squamosal (inferior) border the anterior part is short, thin and 

truncated, bevelled externally and overlapped by the squamous part of the temporal bone. The 

posterior part of the inferior border is short, thick and serrated for the articulation with the 

mastoid part. The frontal border is deeply serrated, bevelled and articulates with the frontal 

bone to form one half of the coronal suture. The occipital border articulates with the occipital 

bone, forming one half of the lambdoid suture. 



 

    The anterosuperior angle is at bregma, which in neonatal skull is the site of anterior 

fontanelle. The anteroinferior angle lies at pterion, related internally to frontal branch of 

middle meningeal vessels.  

 

     The posterosuperior angle is at the lambda represented by the posterior fontanelle in 

neonatal skull. The posteroinferior angle is the site of the asterion which is internally related to 

the junction of transverse and sigmoid sinus. 

 

Articulation:  

     Each parietal bone articulates with five cranial bones: the frontal, the occipital, a temporal, 

the sphenoid, and the opposite parietal 
37

. 

 

OCCIPITAL BONE: 

Development & Ossification:  

 

     The occipital bone has a dual origin centre, from cartilage and membrane. The component 

of membranous origin gives rise to the interparietal portion (the superior squama above the 

mendosal suture). The cartilaginous portions are formed by the union of four primary centers 

around the foramen magnum.  

 

      These centers are the basioccipital,  supraoccipital, and two exoccipitals. The basioccipital 

is anterior to the foramen magnum, the supraoccipital, posterior to the foramen magnum (the 



inferior squama below the mendosal suture) and the lateral or exoccipitals on either side of the 

foramen magnum 
17

. 

 

     Supraoccipital segment is arising from single ossification center in the tectum synoticum 

(the chondrocranial roof connecting the auditory bullae) at 9 to 10 weeks. At this stage, there 

are single ossific nuclei in the midline basioccipital segment and also in each lateral occipital 

cartilage. There is a single ossification center in the membranous interparietal segment as well.  

 

     The ossification is more advanced in the supraoccipital segment than in the interparietal 

segment at 12 weeks. These supraoccipital segments are separated laterally but fuse medially 

by the mendosal sutures. Progressive union of the interparietal segments and supraoccipital 

segment has reduced the mendosal sutures to narrow slits by the 14 weeks 
17

. 

 

     There is a vertical midline stripe of unossified membrane along the superior margin of the 

interparietal segment seen in some fetal skulls. Similarly unossified membranous strips may 

occur elsewhere along the interparietal segmental margins.  Membranous remnants may persist 

at term or ossify late in fetal life. In the latter event, they usually ossify during the first 

postnatal year.  

 

      A prominent synchondrosis separates the lateral and basioccipital segments on each side at 

term. At 2 to 4 years of age, progressive narrowing of the synchondroses results in their 

complete obliteration. The broad innominate synchondrosis separated the supraoccipital 

segment from the lateral occipital segments, which becomes obliterated at 2 to 4 years of age.  



Gross Anatomy: 

 

      Occipital bone consists of squamous, basilar, and two lateral condylar parts. It encloses the 

foramen magnum and forms the cerebral and cerebellar fossae 
32

. 

  

      The squamous part of the occipital bone is convex externally and concave internally. On 

the external surface it presents the external occipital protuberance. On each side, two curved 

lines extend laterally from this protuberance. The upper faint line is the highest nuchal line, 

and the lower one is the superior nuchal line. The median external occipital crest extends from 

the external occipital protuberance to the posterior margin of foramen magnum. Arching 

bilaterally from the midpoint of the crest are the inferior nuchal lines.  

 

 

 

 

 

 

 

 

 

 

 

 



 

Figure 6: The external surface of both occipital bones.  

 

 

      

      

       The internal surface of the squamous part also presents a raised elevation called internal 

occipital protuberance.  

 



      The presentable features on the inner surface are the two cerebral and the cerebellar fossae 

which lodge the occipital lobes of the cerebral hemisphere and the lateral lobes of the 

cerebellum respectively.  

 

      A wide groove with raised lips, the superior sagittal sulcus, ascends from the internal 

occipital protuberance to the superior angle of the squamous part. The posterior part of the falx 

cerebri is attached to the margins of the sulcus. 

 

       From an internal occipital protuberance, a prominent occipital crest descends and 

bifurcates near the foramen magnum enclosing an area called the vermian fossa. This fossa 

lodges the inferior vermis of cerebellum. The internal occipital crest gives attachment to falx  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Figure 7: The internal surface of both occipital bones.  

 

 

 

 

cerebelli which inturn lodges the occipital venous sinus and extending bilaterally from the 

internal occipital protuberance are transverse sulcus which lodge the transverse sinus. The 

margins of transverse sulcus give attachment to the tentorium cerebelli. 

 

 



Articulation: 

 

    The occipital bone articulates with six bones: two parietals, the two temporal, the sphenoid, 

and the atlas (first cervical vertebra) 
37

. 

 

Development of the Calvarial Bones: 

 

     All the calvarial bones are flat bones having an intramembranous ossification. Growth of 

the vault is rapid during the neonatal period and then continues at a slower rate till the seventh 

year, when it has reached almost adult dimensions. For most of this period, expansion is 

largely concentric; overall form is determined early in the first year and remains largely 

unaltered thereafter.  

 

     However, the shape of the vault is not solely related to cerebral growth, but is also 

influenced by genetic factors that manifest in an extensive range of shapes and sizes that may 

be sufficient to allow a reliable evaluation of racial origin.  

 

 

 

 

 

 



Figure 8: Bones of neonatal skull 

 

 

    

 

 

 

 

 

 



  During the first and early second year, growth of the vault occurs primarily through 

ossification at apposed margins of bones (which possess an osteogenic layer) accompanied by 

some accretion and absorption of bone at surface in order to adapt to continually altering 

curvatures. Growth in breadth is said to occur at the sagittal, sphenofrontal, sphenotemporal, 

occipitomastoid and petro-occipital junctions, while growth in height is said to occur at the 

frontozygomatic and squamosal sutures, pterion and asterion. 

 

     The sphenoidal and posterior fontanelles ossify within 2 or 3 months of birth, the mastoid 

fontanelles usually ossify near the end of the first year and the anterior fontanelle ossifies 

around 18 months.  

 

      Early in the first year the calvarial bones commence interlocking at sutural junctions. 

Further expansion of the vault is largely achieved by accretion and absorption on external and 

internal bone surfaces respectively. At birth the vault is unilaminar but the tabular structure 

with intervening diploe is generally apparent by about the fourth year. Thickening of the vault 

and development of external muscular markings reflect the influences of musculoskeletal 

maturation
24

. 

 

Structure of Calvaria 

      

     The skull is formed by a number of separate bones most of which meet each other at linear 

sutures with narrow gaps filled by dense fibrous tissue. The bony ossification was completed 

after 30 years of the age.  



 

    The term “skull” includes the mandible, and „cranium‟ refers to the skull without the 

mandible. The calvaria  is the vault of the skull (cranial vault or skull-cap) and is the upper 

part of the cranium that encloses the brain 
40

. 

 

      The bony vault of the cranium, the calvaria, consists, from before backward, of the 

unpaired frontal bone, the paired parietal and the unpaired occipital bone. Laterally the great 

wing of the sphenoid bone, and posterior to this the temporal bone, complete the sides of the 

brain case 
41

. 

 

       The periosteum covers the calvaria on both its internal and external surfaces. The 

periosteum of the skull is, however, markedly deficient in osteogenic power, as compared with 

the periosteum of long bones. The minimal regenerative capacity of the bones of the skull may 

be expected following a craniotomy provided the bone flap is replaced.  

 

       Areas of bone removed and simultaneously replaced in the temporal region usually heal 

better than elsewhere; presumably because of the greater blood supply furnished to them by 

the deep temporal arteries.  

 

      The bones of the vault of the cranium show three distinct layers; hard outer and inner 

tables of compact bone and a middle layer of spongy tissue, the diploe
42

.  The Inner table is 

distinctly thinner than the outer, and may be fractured by blows leaving the outer table intact, 

thus rendering more difficult the diagnosis of fractures of the skull.   



 

Figure 9: Structure of Calvaria 

 

 

 

 

 



Diploeic space 

 

     It is an area between the two layers of compact bone filled with dense cancellous red bone 

marrow and is the site of haemopoiesis 
24

.  The diploe is supplied by diploeic branches from 

the arteries both on the external and internal surfaces of the skull-that is from the arteries of the 

scalp and from those of the duramater. The diploeic veins anastomose freely with each other.  

 

     The diploeic veins may drain either into veins of the scalp or into the dural venous sinuses 

or may form communications between the two. The diploeic veins are said to be a source for 

spread of osteomyelitis of the skull bones 
43

. 

     

     The bony vault of the skull is relatively thick; averaging perhaps about 5 mm, but average 

measurements of this thickness is of little use to the surgeon. The thickness of the skull also 

varies considerably from person to person and in addition shows regional variations.  

 

      It thus becomes much thicker in the region of the external occipital protuberance and quite 

thin in the temporal region, where it is however in part protected by the overlying temporalis 

muscle. The morphology of the skull is influenced by genetic and environmental factors. The 

muscle function is believed to affect the bone shape and size 
28

. 

 

 

 

 



MATERIAL AND METHODS 

 

 

Source of data: 

      Children in the age group of 5 to 15 years referred to Radiology department of Chennai 

medical college Hospital and Research centre for cranial CT and diagnosed as normal CT 

study during the period from January 2013 to June 2015. 

 

Sample size: 

      100 cases (Both right and left side parameters) 

 

Age group selected: 

      5 to 15 years 

 

Study design: 

     The present study is a Prospective study 

 

Method of collection of data: 

    Children in age group as mentioned above who are subjected for a cranial CT with the 

scanner Dual Slice G.E at Chennai medical college Hospital and research, in the time duration 

of January 2013 to June 2015 are selected for the study. The case details of all patients were 

obtained directly from the patients and their parents (or) close relatives with available data 

base from radiology department of Chennai medical college Hospital and research centre.  



    There were 100 of such case obtained from the data base. With the implementation of the 

exclusion criteria as mentioned below, 100 cases were finally selected for the study.  

 

     The parameters of the weight taken by digital weight machine, height and head 

circumference taken by the unstrechable inch tap. All the measurement was taken by three 

times for avoiding the observer error. 

 

     The CT-scan images of all the 100 selected cases were retrived from PACS (picture 

archiving and communication system). The thickness of cranial vault and diploeic space were 

measured from the following regions of the images.  

 

Parameters that are measured: 

 

1. Thickness of cranial vault of right side of frontal bone near the frontal tuber. 

2. Thickness of diploeic space of right side of frontal bone near the frontal tuber. 

3. Thickness of cranial vault of left side of frontal bone near the frontal  

tuber. 

4. Thickness of diploeic space of left side of frontal bone near the level of frontal tuber. 

     5. Thickness of cranial vault of occipital bone by the right side of midline. 

     6. Thickness of diploeic space of occipital bone by the right side of midline. 

     7. Thickness of cranial vault of occipital bone by the left side of midline. 

     8. Thickness of diploeic space of occipital bone by the left side of midline. 

     9. Thickness of cranial vault of right sided parietal bone near its parietal tuber  



   10. Thickness of diploeic space of right sided parietal bone near its parietal tuber        

   11. Thickness of cranial vault of left sided parietal bone near its parietal tuber   

  12. Thickness of diploeic space of left sided parietal bone near its parietal tuber 

 

The measurements obtained were tabulated in Microsoft Excel 2007 version. 

 

Inclusion criteria: 

 

    The patient in the age group of 5 to 15 years referred to radiology department for cranial CT 

and diagnosed as normal CT study - from January 2013 to June 2015. 

 

Exclusion criteria: 

 

In the age group of 5 to 15 years with 

1. History of cranial trauma. 

2. Any metabolic disorder. 

3. Structural neuroparenchymal disorders. 

4. On any chronic medications. 

 

 

 

 

 



Method of Statistical Analysis: 

 

     In this study, the following methods of statistical analysis have been used. The results for 

each parameter averaged (mean + standard deviation) for continuous data are presented in 

Figure and Table. 

 

1. A paired „t‟ test was performed to determine whether there were difference between the 

Right and left measurements on the parameter. 

 

2. For assessment of correlation between multiple variables and cranial vault and diploeic 

thickness multiple regression analysis was used. The cranial vault and diploeic thickness was 

used as the dependent variable. Age, Gender, Weight, Height and Head Circumference were 

used as an independent variable. 

 

    The „p‟ value of less than 0.05 was accepted and as indicating statistical significance. Data 

analysis was carried out using SPSS, 16.0 (Statistical Package for Social Science) package. 

 

 

 

 

 

 

 



Figure 10: CT scan instrument 

 

 

 

 

 

 

 



Figure 11: Study parameters of the right frontal CVT & DST 

 

5.147 ± 0.677 mm

2.18±0.457 mm

 

 

Right Frontal: 

Cranial Vault Thickness: 5.147 ± 0.677 mm. 

Diploic Space Thickness: 2.18±0.457 mm. 

 

 



Figure 12: Study parameters of the left frontal CVT & DST 

 

 

 

Left Frontal: 

Cranial Vault Thickness:  5.11±0.818 mm. 

Diploic Space Thickness:  2.16 ±0.449 mm. 

 

 

 

 



Figure 13: Study parameters of the Right parietal CVT & DST 

 

 

Right Parietal: 

Cranial Vault Thickness: 8.15±1.27mm.         

Diploic Space Thickness: 3.12± 0.67mm. 

 



Figure 14: Study parameters of the Left parietal CVT & DST 

 

 

 

Left Parietal: 

Cranial Vault Thickness: 8.01±0.229 mm 

Diploic Space Thickness: 3.15±0.701 mm 

 

 



Figure 15: Study parameters of the Right occipital CVT & DST 

 

 

 

Right Occipital: 

Cranial Vault Thickness: 4.96±0.66mm. 

Diploic Space Thickness: 2.05±0.436mm.                                                                                            

 

 

 

 

 



Figure 16: Study parameters of the Left occipital CVT & DST 

 

 

 

 

Left Occipital: 

Cranial Vault Thickness: 4.99±0.671mm 

 Diploic Space Thickness: 2.06±0.440 mm. 



RESULTS 

     The results of the study conducted on 100 children using statistical procedure are displayed 

in the following tables. 

 

  Table 1: Age and sex wise distribution of study population. 

 

Age 
Male 

(n=52) 

Female 

(n=48) 

Total 

(n=100) 

5 to 10yrs 25 20 45 

11 to 

15yrs 
27 28 55 

 

 

Graph- 1: Age wise distribution of study population. 

 

 



Graph 2: Sex wise distribution of study population. 

 

 

 

The above table shows that out of 100 children, 52 were males (52%) and 48 female cases 

(48%).    

 

Graph 3: Age and sex wise distribution of study population. 

 

 



Table 2: The mean, median, mode, standard deviation, maximum and minimum 

values of height, weight and head circumference of study population. 

 

  

Height (Cm)  

 

Weight (Kg)  

Head 

Circumference 

(cm) 

N 100 100 100 

Mean 124.29 24.24 55.37 

Median 123.00 22.00 51.00 

Mode 128 20.00            51.00 

Std. Deviation 18.22 9.28 4.38 

Minimum 70 8 48 

Maximum 175 56 482 

 

 

The average height of study population is 124.29±18.22cm. 

The average weight of study population is 24.24±9.28 kg. 

The average head circumference of study population is 55.37±4.31 cm. 

 

 

 

 

 

 



Graph 4: THE MEAN VALUES OF HEIGHT, WEIGHT AND HEAD CIRCUMFERENCE 

OF STUDY POPULATION. 

 

 

 

 

TABLE 3:  DISTRIBUTION OF DIPLOEIC SPACE IN THE STUDY POPULATION. 

 PRESENT ABSENT 

Frontal bone (Right) DST 72 28 

        Frontal bone (Left) DST 78 22 

        Parietal bone (Right) DST 81 19 

       Parietal bone (Left) DST 80 20 

       Occipital bone (Right) DST 74 26 

       Occipital bone (Left) DST 83 17 

 

 

 



 Graph 5:  DISTRIBUTION OF DIPLOEIC SPACE IN THE STUDY POPULATION. 

 

 

 

 

 

 

 

 

 

 



Table 4: The mean, median, mode, standard deviation, maximum and minimum 

values of all the Right side parameters measured. 

 

 

 

Statistics 

Frontal 

Rt.CVT 

Frontal 

Rt.DST 

Parietal 

Rt.CVT 

Parietal 

Rt.DST 

Occipital 

Rt.CVT 

Occipital 

Rt.DST 

N 

 

100 62 100 35 100 

 

40 

 

 

Mean 

5.14 2.18 8.15 3.12 4.96 

 

2.05 

 

 

Median 
5.200 2.200       8.15 3.10 5.00 

    2.10 

 

 

Mode 
4 2 8 3 5 1 

 

Std. 

Deviation 

0.677 0.457 1.27 0.67 0.662 0.436 

 

Minimum 
3.80 1.30 5.60 1.8 3.80 1.4 

 

Maximum 

 

6.50 3.60 
      

10.30 
4.80 6.40 3.20 

 



 

 
 

Graph 6: The mean thickness of right sided study parameters. 

 

 
 
Right side: 

The average thickness of frontal bone at its tubers is 5.147 ± 0.677 mm. 

The average thickness of frontal diploeic space at its tubers is 2.18±0.457 mm. 

The average thickness of occipital bone towards its median plane is 4.96±0.66mm. 

The average thickness of occipital diploeic space towards its median plane is 

2.05±0.436mm.                                                                                            

The average thickness of parietal bone towards sagittal suture is 8.15±1.27mm.         

 The average thickness of parietal diploeic space towards its median plane is 3.12± 

0.67mm. 



 

Table 5: The mean, median, mode, standard deviation, maximum and minimum 

values of all the Left side parameters measured. 

 

 

 

Statistics 

Frontal 

Lt.CVT 

Frontal 

Lt.DST 

Parietal 

Lt.CVT 

Parietal 

Lt.DST 

Occipital 

Lt.CVT 

Occipital 

Lt.DST 

N 

 
100 62 100 44 100 45 

 

Mean 
5.118 2.163 8.01 3.157 4.993 2.064 

 

Median 
5.200 2.200 7.750 3.100 5.100 2.100 

 

Mode 
5.70 1.60 1.00 2.90 4.70 2.10 

 

Std. 

Deviation 

0.818 0.449 2.297 0.701 0.671 0.440 

 

Minimum 
.56 1.30 1.00 1.90 3.80 1.30 

 

Maximum 

 

6.30 3.30 9.90 5.10 6.30 3.10 

 

 



Graph 7: The mean thickness of left sided parameters studied. 

 

 

 

Left side: 

The average thickness of frontal bone at its tubers is 5.11±0.818 mm. 

The average thickness of frontal diploeic space at its tubers is 2.16 ±0.449 mm. 

The average thickness of occipital bone towards its median plane is 4.99±0.671 mm. 

The average thickness of occipital diploeic space towards its median plane is 

2.06±0.440 mm. 

The average thickness of parietal bone towards sagittal suture is 8.01±0.229 mm. 

The average thickness of parietal diploeic space towards its median plane is 

3.15±0.701 mm 

 

 

 

 



Table 6: Comparison of the thickness of frontal, occipital and parietal bone and 

their diploeic space of one side with the same parameter of opposite side. 

 
  

 

N  

 

Mean Std. 

deviation 

Minimum Maximum „t‟ 

value 

„p‟ 

value 

   

 

  Frontal 

    Skull 

Right 100 5.14 0.67 3.8 6.5  

5.28 

 

0.581 Left 

 

100 5.11 0.81 .56 6.3 

   

 Frontal 

Diploeic 

Right 62 2.18 0.45 1.3 3.6  

-.901 

. 

1.77 Left 62 2.16 0.44 1.3 3.3 

 

Parietal 

skull 

Right 100 8.15 1.27 5.6 10.3  

-.533 

 

.596 Left 

 

100 8.01 2.29 1.0 9.90 

 

Parietal 

Diploeic 

Right 35 3.12 0.67 1.8 4.8  

.001 

 

1.000 Left 

 

44 3.15 0.70 1.9 5.1 

 

Occipital 

Skull 

Right 100 4.96 0.66 3.8 6.4  

-

1.999 

 

0.078 Left 100 4.99 0.67 3.8 6.3 

 

Occipital

Diploeic 

Right 40 2.05 0.43 1.4 3.2  

-

3.122 

 

0.143 Left 45 2.06 0.44 1.3 3.1 



 

Graph 8: Comparison of the thickness of frontal, occipital and parietal bone and 

their diploeic space of one side with the same parameter of opposite side. 

 

 

 

Table 6 and figure 8 compares the thickness of frontal, occipital and parietal bone of one side 

and their diploeic space with the same parameter of opposite side. 

 

Analysis clearly indicates that there is no significant difference between them („p‟ value < 

0.5).  

This demonstrates that the thickness of the right and left sided bones of cranial vault as well as 

the diploeic space are equal in 5 to 15 years age group children. 



Table 7: The correlation of the thickness of frontal bone with age, sex, height, 

weight and head circumference. 

 

Coefficients(a) 

 

 

Unstandardized 

Coefficients 

Standardized 

Coefficients 

t Sig. 

Model B Std. Error 

 

 

Beta 

 

 

(Constant) 3.591 .300  11.965 .001 

Age .233 .016 1.031 14.290 .000 

Sex .011 .054 .008 .211 .834 

Hight -.002 .003 -.065 -.732 .466 

Weight -.005 .007 -.075 -.836 .405 

Head 

cirumfer 
.000 .001 -.027 -.665 .508 

 

 

 

    The above table indicates that there is a statically significant correlation in the thickness of 

frontal bone with age, but not with the sex (gender), height, weight and head circumference. 

 

 



Table 8: The correlation of frontal diploeic space thickness with age, sex, height, 

weight and head circumference. 

 

Coefficients(a) 

 

 

Unstandardized 

Coefficients 

Standardized 

Coefficients 

t Sig. 

Model B 
Std. 

Error 

Beta 

 

 

(Constant) 1.870 .366 
 

5.105 .000 

Age .127 .020 .833 6.382 .000 

Sex -.138 .066 -.151 -2.077 .041 

Hight -.005 .004 -.197 -1.222 .225 

Weight .002 .008 .033 .203 .839 

Head 

cirumfer 
8.543E-5 .001 .008 .112 .911 

 

 

 

    The above table displays that the thickness of diploeic space of frontal bone has a statically 

significant correlation with age, but not with the sex (gender), height, weight and head 

circumference. 

 



Table 9: The correlation of parietal bone thickness with age, sex, height, weight 

and head circumference. 

 

Coefficients(a) 

 

 

Unstandardized 

Coefficients 

Standardized 

Coefficients 

t Sig. 

Model B 
Std. 

Error 

 

 

Beta 

 

 

(Constant) 5.512 .627  8.789 .000 

Age .413 .034 .973 12.112 .000 

Sex -.189 .113 -.075 -1.669 .098 

Hight -.004 .007 -.057 -.576 .566 

Weight -.004 .014 -.032 -.322 .748 

Head 

cirumfer 
.000 .001 -.005 -.108 .914 

 

 

    The above table shows that the thickness of parietal bone has a statically significant 

correlation with age, but not with the sex (gender), height, weight and head circumference. 

 

 

 



 

Table 10: The correlation of parietal diploeic space thickness with age, sex, height, 

weight and head circumference.  

 

Coefficients(a) 

 

 

Unstandardized 

Coefficients 

Standardized 

Coefficients 

t Sig. 

Model B 
Std. 

Error 

 

 

Beta 

 

 

(Constant) 2.104 .532  3.956 .000 

Age .168 .029 .744 5.800 .000 

Sex -.123 .096 -.091 -1.274 .206 

Hight -.003 .006 -.092 -.581 .562 

Weight .005 .012 .071 .445 .658 

Head 

cirumfer 
.001 .001 .073 1.024 .308 

 

 

    The above table shows that the thickness of parietal diploeic space has statically significant 

correlation with age but not with the sex (gender), height, weight and head circumference. 

 

 



 

Table 11: The correlation of occipital bone thickness with age, sex, height, weight 

and head circumference. 

 

Coefficients(a) 

 

 

Unstandardized 

Coefficients 

Standardized 

Coefficients 

t Sig. 

Model B 
Std. 

Error 

 

 

Beta 

 

 

(Constant) 3.415 .354  9.649 .000 

Age .241 .019 1.090 12.521 .000 

Sex .074 .064 .056 1.152 .252 

Hight -.002 .004 -.063 -.582 .562 

Weight -.015 .008 -.205 -1.894 .061 

Head 

cirumfer 
.000 .001 .014 .300 .764 

 

 

    The above table shows that the thickness of occipital bone has statically significant 

correlation with age but not with the sex (gender), height, weight and head circumference. 

 

 



Table 12: The correlation of occipital diploeic space thickness with age, sex, height, 

weight and head circumference. 

 

Coefficients(a) 

 

 

Unstandardized 

Coefficients 

Standardized 

Coefficients 

t Sig. 

Model B 
Std. 

Error 

 

 

Beta 

 

 

(Constant) 1.494 .362  4.129 .000 

Age .120 .020 .825 6.110 .000 

Sex -.091 .065 -.105 -1.397 .166 

Hight -.002 .004 -.079 -.473 .637 

Weight -.004 .008 -.095 -.567 .572 

Head 

cirumfer 
.000 .001 .015 .195 .846 

 

 

  

      The table 12 shows that the thickness of diploeic space of occipital bone has a statically 

significant correlation with age but not with the sex (gender), height, weight and head 

circumference. 



 

  

 

 

     The above graph shows the age changes of thickness of frontal bone. The above graph 

proves that the frontal bone grows rapidly from birth till the age of 8 years following which the 

growth slows down. 

 

 

 

 

 

 



Graph-10: Distribution of Frontal diploeic by age in years 

 

 

 

 

 

 

 

     From the above graph it is understood that the frontal diploeic space grows rapidly upto 7 

years of age, after which growth slows down till 15 years. 

 

 

 

 



Graph-11: Distribution of Parietal bone by age in years 

 

 

 

 

 

 

    The above graph shows the age changes of thickness of parietal bone. The above graph 

proves that the parietal bone grows rapidly from birth till the age of 8 years following which 

the growth slows down.  

 

 



Graph-12: Distribution of Parietal diploeic by age in years 

 

 

 

 

 

      From the above graph it is understood that the parietal diploeic space grows rapidly upto 8 

years of age, after which growth slows down till 15 years. 

 

 



Graph-13: Distribution of Occipital bone by age in years 

 

 

 

 

 

    The above graph shows the age changes of thickness of occipital bone. The above graph 

proves that the occipital bone grows rapidly from birth till the age of 9 years following which 

the growth slows down. 

 

 



Graph-14: Distribution of Occipital diploeic by age in years 

 

 

 

 

 

 

     

   From the above graph it is understood that the occipital diploeic space grows rapidly upto 8 

years of age, after which growth slows down till 15 years. 

 

 



DISCUSSION 

 

    All previous studies show that measurement of thickness of the cranial vault and diploeic 

space are studied in adult population.  Thus the present study is one of its kind in measuring 

the thickness of cranial vault and diploeic space in 100 CT-scan in the age group of 5 to 15 

years. An attempt has also been made to make a correlative study of the thickness of the 

cranial vault and diploeic space with the age, sex, height, weight and head circumference of 

the selected cases.  

 

     Here we tried to compare the results of our studies with other studies in adult population. 

 

     Ebraheim NA. et.al, measured the thickness of outer and inner tables and diploe of skull 

using hallow fixator and insertion torque at halo pin insertion areas, in older age groups of 

more than 70 years. Results shown were the mean anterolateral thickness was 7.36±1.57 mm. 

The average thickness of an inner table, outer table, and diploe, were 3.59±1.70 mm 2.24±0.44 

mm, and 1.52±0.41 mm. The mean posterolateral thickness was 9.47±1.12 mm. The average 

thickness of an inner table, the outer table and diploe, and were 3.27±1.21 mm 4.32±0.92 mm, 

and 1.88±0.35 mm, respectively 
16

.   

     

    According to present study, the average thickness of right side frontal tubers is 5.14±.67 

mm, the average thickness of occipital bone to the right of its median plane is 4.9±.66 mm, the 

average thickness of right side parietal bone towards sagittal suture is 8.15±1.27mm, the 

average thickness of left side frontal tubers is 5.11±.818 mm, the average thickness of occipital 

bone to the left of its median plane is 4.9±0.67 mm, the average thickness of left side parietal 



bone towards sagittal suture is 7.37±2.29 mm. The thickness of parietal bone is greater than 

frontal and occipital bone because the higher sections of parietal bone were taken for 

measurement, thus the oblique sections of the bone were measured. 

 

    According to H.P.Schmitt, et.al, the mean thickness of the whole cranial vault from ten 

measurements does not give a strong correlation to age and therefore there is no further 

advantage for determination of age. Because of the weak correlation between the thickness of 

the os frontale and age in females, it is not possible to estimate individual age from calverial 

bone thickness within useful limits 
18

. 

 

     Lynnerup et.al conducted a study on human cranial vault thickness in relation to sex, age, 

height and weight belonging to the age group of 16 to 90 years. They published that there was 

no correlation between the cranial vault thickness measurements, age, sex, height and weight 

of the individuals. Thus they concluded that cranial vault thickness cannot be used in ageing or 

sexing of human remains in the adult population (above 16 years) 
19. 

 

 

     In the present study the following correlation was possible. The thickness of frontal bone, 

parietal bone and occipital bone have statically significant correlation with age  but no 

correlation with sex (gender) height, weight and head circumference.  

 

     The present study focussed on taking measurements in the paediatric age group, in which 

cranial bones are still in the growth phase, thus proving that there is a correlation between the 

above mentioned parameters and the thickness of cranial vault. 



 

     Lynnerup et.al conducted another study on human cranial diploe thickness in relation to 

sex, age, height and weight in the age group of 16 to 90. They found no statistically significant 

differences between males and females for the diploeic thickness, except for the frontal 

biopsies where there was a statistically significant difference with males having the thickest 

measures than females. There was no correlation between diploeic bone layer thickness and 

age, height or weight 
11.

  

 

      In the present study the following correlations are possible. The thickness of frontal bone 

diploeic space, parietal bone diploeic space and occipital bone space show statically significant 

correlation with age but not with sex, weight, height and head circumference.  

 

     In the present study measurements are done in the paediatric age group and not in adult age 

groups unlike the study by other authors thus the above mentioned correlations are possible. 

 

      According to Gray‟s text book of Anatomy, growth of the vault is rapid during the first 

year and then slower to the seventh, by which time it reaches almost adult dimensions. During 

the first and early second year, growth of the vault takes place mainly by ossification at 

opposed margins of bones which possess an osteogenic layer accompanied by some accretion 

and absorption of bone at surfaces to adapt to continually altering curvatures. 

 

      But according to the present study, the frontal bone near its tuber grows rapidly from birth 

till the age of 8 years, following which the growth slows down. With regard to the occipital 



bone it grows rapidly from birth till the age of 9 years, later succeeded by a slow pace of 

growth. The parietal bone grows rapidly till the age of 8 years following which the growth 

slows down. 

 

      Gray‟s text book of Anatomy quotes that tables of skull and intervening diploe appear 

around fourth year, with maximal differentiation at about 35 years 
(24).

  In the present study 

analysis reveals that diploe well developed at fifth to eigth year. As the present study is done 

using CT-scan having a good resolution. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

CONCLUSION 

 

Frontal bone: 

 

     Thickness of frontal bone shows significant positive correlation with age but not with sex 

(gender), height, weight and head circumference indicating that as the age increases frontal 

bone increases in thickness in 5 to 15 years age group children. 

 

Frontal diploeic space: 

 

    The thickness of diploeic space of frontal bone shows significant correlation with age but 

not with sex (gender), height, weight and head circumference indicating that as the age 

increases frontal bone diploeic space increases in thickness in 5 to 15 years age group children. 

 

Occipital bone: 

 

    Thickness of occipital bone shows statically significant positive correlation with age but not 

with sex (gender), height, weight and head circumference indicating that as the age increases 

frontal bone increases in thickness in 5 to 15 years age group children. 

 

 

 



Occipital diploeic space: 

 

    Thickness of diploeic space of occipital bone has statically significant correlation with age 

but not with sex (gender), height, weight and head circumference indicating that as the age 

increases occipital bone diploeic space increases in thickness in 5 to 15 years age group 

children 

 

Parietal bone: 

 

    Thickness of parietal bone shows statically significant positive correlation with age but not 

with sex (gender), height, weight and head circumference indicating that as the age increases 

parietal bone increases in thickness in 5 to 15 years age group children. 

 

Parietal diploeic space: 

 

    Thickness of parietal diploeic space has statically significant correlation with age but not 

with sex (gender), height, weight and head circumference indicating that as the age increases 

parietal bone diploeic space increases in thickness in 5 to 15 years age group children 

 

      The frontal bone grows rapidly from birth till the age of 8 years following which growth 

slows down, the occipital bone grows rapidly from birth till the age of 10 years, beyond which 

the growth slows down, and parietal bone grows progressively till the age of 9 years after that 

growth slows down.  



 

      There is no statically significant difference between right and left sided calvarial bones. 

This indicates that right and left side of skull bones show equal thickness in 5 to 15 years age 

group children. 
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                                                                 PROFOMA                            

                                                                                                                      Date:   

Patient Name  :           Age/Sex: 

Height   :           Consent: 

Weight  :                                                      Referral  department: 

Head Circumference : 

Diploeic Space           :      Present/Absent 

 

Patient Diagnosis/ Complaints: 

 

Name of the 

Region 
Present/Absent Right 

 

 

Left 

 

 

Frontal Vault 

Thickness 

 

   

 

Frontal Diploeic 

space Thickness 

 

   

 

Occipital l Vault 

Thickness 

 

   

 

Occipital Diploeic     



Space Thickness 

 

 

Parietal Vault 

Thickness 

 

   

 

 

Parietal Diploeic 

Space Thickness  

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Key OF MASTER CHART 

Ht Height 

Wt Weight 

HC Head Circumference 

RFS Right Frontal vault Space 

RFD Right Frontal Diploic  

ROS Right Occipital Vault Space 

ROD Right Occipital Diploic 

RPS Right Parietal Vault Space 

RPD Right Parietal Diploic 

LFS Left Frontal Vault Space 

LFD Left Frontal Diploic 

LOS Left Occipital Vault Space 

LOD Left Occipital Diploic Space 

LPS Left Parietal Vault Space 

LPD Left Parietal Diploic Space 



MASTER   CHART 

 

Sl.No. 

OP No. AGE 

S
E

X
 

Ht Wt H
C

 

R
F

S
 

R
F

D
 

R
O

S
 

R
O

D
 

R
P

S
 

R
P

D
 

L
F

S
 

L
F

D
 

L
O

S
  

L
O

D
 

L
P

S
 

L
P

D
 

1 1183256 6 F 100 13 51. 4.6 1.6 4.3 1.5 6.6 1.8 4.70 1.8 4.4 1.6 6.9 1.9 

2 1166750 14 F 149 45 54. 6.3 2.6 5.9 2.3 10.3 4.8 6.20 2.5 6 2.4 1 4.9 

3 1126611 7 F 75 20 51. 5.3 2.8 5.1 2.4 8.3 3.5 5.40 2.5 5.2 2.6 8.1 3.5 

4 1126163 5 M 102 14 49 4.6 2.1 4.3 1.8 6.9 3.1 4.40 1.9 4.1 1.7 7.2 3.3 

5 1214078 9 F 130 26 54. 5.5 2.1 5.2 1.9 7.9 2.9 5.40 2 5.1 1.9 8.2 3.1 

6 1107012 13 F 150 38 54 5.8 2.7 5.5 2.5 9.8 3.6 5.70 2.6 5.6 2.6 9.6 3.5 

7 1187316 6 F 97 13 50. 4.7 2.2 5.2 2.1 8.1 3.6 4.90 2.4 4.8 1.9 8.3 3.8 

8 156347 12 F 132 28 53. 5.9 2.3 5.6 2 9.2 2.8 6.10 2.4 5.7 2.1 9.3 3.1 

9 157260 10 M 145 32 52. 5.8 2.2 5.3 2 8.6 3.6 5.70 2.1 5.4 2.1 8.7 3.8 

10 154875 12 M 152 39 54. 5.5 2.1 5.4 2 9.6 3.1 5.60 2.3 5.3 1.9 9.8 3.2 

11 165721 7 M 126 28 51. 4.7 1.7 4.2 1.5 8.3 2.7 5 1.5 4.6 1.7 7.4 2.5 

12 1176206 6 F 120 22 50 4.6 1.6 4.2 1.5 6.9 2.3 45 1.6 4.3 1.5 6.8 2.2 

13 1101178 5 F 108 20 49 3.9 1.5 3.8 1.4 5.6 2.3 4.20 1.3 3.9 1.4 5.9 2.6 

14 1177058 7 M 70 8 50. 4.9 1.9 4.6 1.7 7.3 2.6 4.80 1.9 4.7 1.8 7.5 2.5 

15 1138143 10 M 125 33 52. 5.3 2.1 5 1.9 8.6 2.6 5.40 2.2 5.1 1.9 8.9 2.8 

16 1194442 10 F 134 25 51 5.5 2.1 4.9 2.1 8.1 3.6 5.80 2.3 5.3 2.1 8.3 3.7 

17 1198462 5 F 110 20 49 4.3 1.8 4.1 1.5 6.2 2.1 4.30 1.7 4.2 1.6 6.4 2.2 

18 1183256 6 F 118 19 50. 4.7 1.5 4.5 1.4 7.3 2.4 4.80 1.6 4.6 1.5 7.6 2.4 

19 1126611 7 F 116 19 50 4.9 1.8 4.8 1.9 7.1 2.8 5.0 2 4.7 1.8 7.3 2.8 

20 1049028 11 F 128 21 52. 5.8 2.2 5.5 2 9.1 3.1 5.70 2.1 5.6 2.1 9.5 3.2 

21 171898 7 M 118 20 50. 5 1.9 4.9 1.9 7.2 2.7 5.10 2 4.7 1.8 7.6 2.9 

22 1198462 5 M 103 12 49. 4.1 2.4 3.9 2.2 6.4 2.9 4.20 2.3 3.8 2.1 6.6 3.1 

23 1200971 7 M 128 25 50. 5.1 2.8 4.8 2.5 8.9 3.3 5.0 2.7 4.7 2.6 8.8 3.5 

24 1183623 13 M 133 27 54. 5.9 2.8 5.6 2.5 9.9 3.5 5.90 2.7 5.7 2.6 9.6 3.3 



25 1200971 7 M 116 21 51. 4.8 2.1 4.5 2.1 7.5 2.9 4.80 2.3 4.6 2.2 7.6 3.1 

26 1152901 11 F 146 45 52 5.7 2.2 5.3 2 9.6 3.1 5.60 2.1 5.4 2.1 9.2 2.9 

27 1138143 10 M 124 35 52. 5.5 2.1 4.9 2.1 9.1 2.9 5.80 2.4 5.3 2.2 8.6 2.8 

28 1126142 12 F 150 34 53 5.6 2.3 5.4 2.1 9.6 3.1 5.80 2.5 5.3 2.1 9.9 3.5 

29 160868 8 M 127 26 51. 5.5 2.1 5.1 1.9 7.9 2.9 5.40 2 5.2 2 7.6 3 

30 159922 13 M 133 33 53. 5.7 2.4 5.6 2.4 10 4.8 6.0 2.5 5.7 2.5 1 4.9 

31 1136781 11 M 130 33 52 5.5 2.3 5.4 2.2 9.7 4.5 5.60 2.4 5.5 2.3 9.5 4.3 

32 162796 5 M 98 13 49 4.1 2.4 3.9 2.2 6.1 2.9 4.20 2.3 4 2.2 6.2 3 

33 165721 5 F 114 19 49. 4.3 1.8 3.8 1.7 5.9 2.8 4.20 1.8 3.9 1.6 6.1 2.9 

34 1135393 9 M 115 20 52. 5.4 2.5 5.3 2.3 8.8 3.8 5.50 2.6 5.3 2.3 8.5 3.9 

35 1114116 14 F 153 42 53 6.1 2.4 5.9 2.3 10 3.7 6.20 2.5 6 2.4 1 3.9 

36 1129053 15 M 175 56 54 6.1 2.8 5.9 2.7 10 4.8 6.20 2.9 5.8 2.6 1 5.1 

37 172219 9 M 121 19 52. 5.5 2.3 5.2 2.1 8.9 3.3 5.40 2.3 5.3 2.2 9.2 3.4 

38 1117094 5 F 102 15 49. 4.3 1.5 4.1 1.5 6.6 2.2 4.40 1.6 4.1 1.4 6.3 2 

39 1148482 9 M 125 20 51. 5.3 2.6 5.1 2.6 8.9 3.6 5.50 2.7 5.2 2.7 9.2 3.7 

40 1177058 7 M 126 21 49. 4.8 2.2 4.6 1.9 7.5 3.1 4.70 2.1 4.5 1.9 7.8 3.2 

41 1138143 10 M 131 24 52. 5.6 2.7 5.5 2.6 9.9 3.5 5.70 2.7 5.5 2.6 9.6 3.5 

42 1134547 14 M 152 46 53 6.1 3.6 5.6 2.8 9.7 4 5.90 3.2 5.9 3.1 9.9 4.4 

43 1194442 10 F 128 27 52 5.6 2.2 5.4 2.1 8.3 3 5.70 2.2 5.3 1.9 8.6 3.2 

44 1711063 10 M 130 29 53. 5.5 2.1 5.3 1.9 8.2 3 5.50 2.2 5.4 2 8.7 3.1 

45 1194424 10 F 125 25 51. 5.7 2.2 5.4 1.9 9.1 3.1 5.60 2.1 5.5 1.8 9.3 3 

46 1716266 7 F 119 17 49 5.1 1.8 4.6 1.6 7.8 2.5 5.0 1.7 4.7 1.6 7.6 2.3 

47 1193123 12 F 149 37 52 5.9 2.6 5.7 2.5 8.9 3.6 5.80 2.6 5.6 2.6 9.3 3.9 

48 158320 5 M 90 9 50 3.9 1.8 3.8 1.8 6.3 1.9 4.10 1.6 3.9 1.8 6.5 2.1 

49 947410 10 M 129 22 51. 5.6 2.3 5 2.2 9.1 3.1 5.90 2.4 5.3 2.1 8.7 2.8 

50 1194442 10 F 122 22 52 5.8 2.4 5.5 2.2 9 3 5.70 2.3 5.4 2.1 8.6 2.9 

51 1086682 6 M 117 17 49. 4.8 1.8 4.6 1.6 6.9 2.4 1147 1.6 4.7 1.7 6.8 2.2 

52 1088082 6 F 109 16 50. 4.6 1.8 4.6 1.5 6.7 2.3 4.70 1.6 4.5 1.6 6.6 2.1 

53 1146810 5 M 115 18 48 4.3 1.8 4 1.5 7.1 2.6 4.20 1.7 3.9 1.5 7.3 2.7 



54 1198462 5 M 113 18 49. 4.7 1.7 4.5 1.5 7.1 2.5 4.60 1.6 4.6 1.7 7 2.4 

55 1183256 6 M 119 16 49 4.3 1.3 4.2 1.6 6.9 2.8 4.10 1.4 4 1.3 7.1 2.9 

56 1183185 6 F 114 16 48 4.2 1.5 4.1 1.5 6.7 2.7 4.30 1.6 3.9 1.4 6.9 2.8 

57 1136781 11 M 128 22 53 5.7 2.1 5.5 2 8.8 3.1 0.56 2 5.6 2.1 8.3 2.9 

58 1183256 6 F 109 15 49 4.1 1.5 4.5 1.7 7.6 2.4 4.30 1.8 4.6 1.5 7.3 2.3 

59 1186578 5 M 118 18 50 4.1 1.5 3.9 1.4 6.3 1.9 4.20 1.3 3.8 1.3 6.1 1.9 

60 158526 5 M 131 21 49. 4.1 1.5 3.9 1.4 6.6 2 4.20 1.3 3.8 1.3 6.4 1.9 

61 158486 12 M 150 35 54 5.8 2.3 5.7 2.1 8.9 3.2 5.90 2.2 5.7 2.2 9.1 3.3 

62 1126611 7 F 119 22 50. 5.1 2.3 4.8 2.1 7.1 3.8 5.0 2.1 4.7 2 7.3 3.9 

63 1183185 6 M 113 17 49 4.8 1.8 4.6 1.6 7.2 2.4 4.70 1.7 4.7 1.8 7.5 2.8 

64 1704000 12 F 147 37 53. 5.8 2.3 5.8 2.3 9.4 3.6 5.90 2.1 6 2.2 9.3 3.2 

65 1198462 5 M 111 15 51 4.3 1.5 4.1 1.5 7.3 2.1 4.30 1.6 4.2 1.5 7.5 2 

66 171626 7 M 114 14 50. 4.8 3.2 6.1 3.2 9.9 4.6 5.0 3.3 5.6 2.8 1 4.5 

67 159203 14 M 165 41 54. 6.1 2.6 5.9 2.4 10 3.3 6.20 2.6 6 2.4 1 3.5 

68 1121766 5 F 105 13 48. 4.3 1.7 4 1.5 6.7 2.7 4.20 1.6 4.1 1.6 6.8 2.7 

69 1129069 15 M 151 38 54. 6.5 2.9 6.1 2.7 10 3.9 6.30 2.8 6.2 2.8 1 4.1 

70 1200971 8 M 125 27 51. 5.8 3 5.4 2.7 8.5 3.7 5.30 2.8 5.5 3 8.5 4.1 

71 162370 11 F 128 25 53. 5.9 2.8 5.5 2.4 9.6 3.1 5.80 2.6 5.6 2.4 9.9 3.5 

72 165721 7 F 122 27 51. 5.1 1.8 4.8 1.6 7.1 2.8 5.0 1.7 4.9 1.7 7.3 2.9 

73 1086682 6 M 113 18 50. 4.3 1.8 4.1 1.6 6.5 2.5 4.40 1.8 4.2 1.7 6.8 2.6 

74 1071966 7 F 118 29 51. 5.1 2.1 4.8 2 8.7 3.1 5.20 2.2 4.7 1.9 8.9 3.2 

75 1088082 8 M 121 20 51. 5.2 2.2 5 2.1 9.1 3.3 5.30 2.3 5.1 2.1 9.2 3.4 

76 160868 8 M 135 26 51. 4.9 2.2 4.7 2.2 8.1 3.6 4.80 2.3 4.6 2.1 8 3.3 

77 152029 5 F 96 15 49. 4.4 1.7 4.2 1.6 6.8 2.6 4.30 1.7 4.1 1.6 7.1 2.8 

78 153538 5 M 117 20 50. 4.5 1.7 4.3 1.6 6.9 2.8 4.50 1.6 4.4 1.5 7 2.9 

79 1086682 5 F 110 20 49. 4.3 1.7 4.1 1.5 6.7 2.6 4.40 1.6 4.2 1.6 6.5 2.5 

80 1183185 6 M 116 23 49. 5.2 2.8 5 2.5 7.9 3.1 5.10 2.3 5.3 2.7 7.8 2.9 

81 163654 11 F 146 29 52 5.5 2.9 5.9 3.1 9 3.9 5.70 3.1 5.8 2.9 8.8 3.8 

82 1210389 9 M 141 25 51 5.1 2.5 4.8 2.3 8.4 3.6 5.20 2.4 4.6 2.3 8.2 3.5 



83 121806 15 F 150 32 53 5.9 3.1 5.8 3.2 10 4.6 6.10 3 5.7 3.1 1 4.2 

84 1193618 8 M 135 26 51. 4.9 2.2 4.7 2.2 8.1 3.6 4.80 2.3 4.6 2.1 8 3.3 

85 160868 8 M 121 20 51. 5.1 2.1 4.9 1.9 8.9 2.8 5.20 2.2 5 2 9.1 2.9 

86 1107012 13 F 117 20 53. 6.5 2.5 6.4 2.3 9.8 3.8 6.30 2.3 6.2 2.2 9.4 3.6 

87 1138143 10 M 111 15 53. 5.6 2.1 5.4 2 8.8 3.5 5.70 2.2 5.4 2.1 8.6 3.3 

88 1183256 5 F 103 15 48. 4.4 1.8 4.2 1.6 6.6 2.8 4.30 1.8 4.2 1.7 6.3 2.6 

89 1210389 9 M 137 26 51. 5.1 2.3 5 2.2 8 3.3 5.20 2.2 4.8 2.1 8.1 3.2 

90 118623 13 M 156 36 54. 6.1 2.5 5.8 2.3 9.9 4.1 6.0 2.5 5.9 2.4 1 4.3 

91 162370 11 F 134 25 53. 5.8 2.8 5.6 2.7 8.9 3.6 5.70 2.7 5.5 2.6 9.4 3.8 

92 168493 11 F 131 24 52. 6.2 2.8 6.2 2.8 9.8 4.3 6.10 2.6 6.3 2.6 9.9 4.5 

93 1210389 9 M 130 24 51. 5.3 2.5 5.1 2.4 8.1 3.4 5.30 2.6 5.2 2.5 7.8 3.3 

94 1233646 11 F 142 30 52. 5.8 2.4 5.6 2.2 9.6 3.8 5.90 2.3 5.5 2.2 9.3 3.6 

95 1233502 5 F 115 19 49. 4.1 1.5 3.9 1.4 6 2.1 4.30 1.6 4 1.4 5.8 1.9 

96 1049028 9 F 136 25 51. 5.6 2.4 5.4 2.2 7.9 3.1 5.70 2.5 5.5 2.3 8.2 3.2 

97 171522 5 F 95 14 48. 3.8 1.6 5.4 2.4 5.9 2.4 3.60 1.8 5.6 2.5 6.1 2.6 

98 171898 8 M 115 16 51. 5.3 2.3 5 2.1 7.9 2.3 5.20 2.4 4.9 2.1 7.7 2.9 

99 1214078 5 M 110 17 482 4.2 1.9 4.3 1.8 6.8 3.1 4.10 1.7 4.5 1.8 7.1 2.5 

100 1214806 13 F 156 50 53. 5.6 2.8 5.6 3 9.6 3.9 5.70 2.9 5.8 2.9 9.7 3.9 

 

 


