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leading to a life‑threatening brain stem compression. The PCF 
is the deepest cranial fossa and is bounded by dorsum sellae 
and basilar part of occipital bone anteriorly, petromastoid parts 
of temporal bone laterally, tentorium cerebelli, superiorly, and 
the occipital bone posteroinferiorly. The foramen magnum (FM) 
in the occipital bone is the largest opening in the posterior 
fossa and transmits important neurovascular structures. The 
brain stem, cerebellum, and the lower six cranial nerves are 
the important neural structures present in the posterior fossa. 

Introduction

The posterior cranial fossa (PCF) is a compact and rigid space 
with poor compliance. Even a small increase in the volumes 
within PCF, either in the form of tumor or hematoma can result 
in a significant increase in the intracompartmental pressure, 
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Objective: The aim of this study is to measure the height and volume of the bony part of the posterior cranial fossa (PCF) 
and the surface area of the foramen magnum (FM) using computed tomography (CT) scans and to correlate our clinical 
findings with the available current literature.

Materials and Methods: This cross‑sectional study was conducted in a tertiary care referral hospital in the Southern part of 
India during the period from January 2015 to August 2015. A total of 100 CT scans of the suspected head injury patients 
were collected retrospectively form the basis for this study. The height, volume of PCF and the anteroposterior (AP), 
transverse diameter, and surface area of the FM were measured. The values of all parameters were subjected to statistical 
analysis using SPSS version 16.

Results: The age of the patients were ranged between 18 and 70 years with the mean age of 41.22 ± 13.93 years. The 
dimensions of the posterior fossa and FM were larger in males compared to females. The mean height of the posterior 
fossa was 38.08 (±4.718) mm (P = 0.0001), and the mean volume of the posterior fossa was 157.23 (±6.700) mm3 
(P = 0.0001). The mean AP, transverse diameter, and the surface area of the FM were 33.13 (± 3.286) mm, 29.01 
(± 3.081) mm, and 763.803 (±138.276) mm2, respectively.

Conclusion: The normal dimensions of the posterior fossa and FM were less in females than males and were useful to 
radiologists and neurosurgeons to better their diagnostic inferences, as well as to determine the proper treatment options 
in Chiari malformation type I (CMI) and other posterior fossa anomalies. The posterior fossa tissue volume can be reliably 
measured in patients with CMI using our method. More studies were required because there were variations in dimensions 
among individuals of different races in different regions of the world.
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Three dural venous sinuses viz., transverse, sigmoid, and 
occipital sinuses traverse the fossa. The cerebral aqueduct is 
a narrow passage for the drainage of cerebrospinal fluid (CSF), 
and any obstruction to it can lead to hydrocephalus with a 
significant increase in intracranial pressure.[1]

The posterior fossa pathologies like intracranial tumors, 
aneurysms, arachnoid/epidermoid cysts, hemifacial spasm, and 
craniocervical abnormalities such as Arnold‑Chiari malformations 
may cause compression of the brain stem and may warrant 
surgical decompression.[2] Arnold‑Chiari malformations are a 
group of congenital disorders causing a downward displacement 
of the contents of the PCF into the cervical spinal canal. It has 
been classified into two types: Chiari malformation type I (CMI) is 
the herniation of cerebellar tonsil, 5 mm or more into the cervical 
canal and type II includes the herniation of the fourth ventricle 
and medulla and cerebellar tonsil. Type I is common in adults and 
usually occur during the second or third decade of life. Type II is 
more common in the pediatric population and is often associated 
with spinal dysraphism.[3‑5] It may occur either congenital due 
to embryological defects in the paraxial mesoderm or acquired 
due to intracranial hypo/hypertension viz., CSF leak, external 
lumbar drainage, chronic ventriculoperitoneal shunt, edema, 
and space occupying lesion or, osseous anomalies of the PCF, 
and craniovertebral junction in the form of Paget’s disease, 
craniosynostosis, and basilar invagination. The clinical features 
of CMI include the symptoms of cerebellar, brain stem, and 
spinal cord compression due to overcrowding of PCF, and it is 
often associated with syringomyelia. The prevalence of CMI is 
estimated to be in the range of 1:1000–1:5000. Even though 
most cases occur sporadically, a familial transmission can 
also be reported either by autosomal dominant or recessive 
inheritance.[6,7]

The posterior fossa volume  (PFV) and the size of the FM 
play a significant role in determining the pathophysiology 
of craniovertebral junction disorders like CMI and other 
PCF disorders and its surgical approaches. Recent evidences 
attributed by computed tomography  (CT) and magnetic 
resonance imaging  (MRI) scans have suggested that the 
overcrowding of hindbrain due to underdevelopment of the 
posterior fossa is the main cause for the development of CMI. 
Many morphometrical studies focusing on the bony part of 
the PCF have supported the above hypothesis. Studies also 
have revealed that females are affected more than males, 
and this has been attributed to large PCF and hindbrain 
volume in males, whereas women demonstrated a higher 
degree of crowdedness due to smaller PCF. Posterior fossa 
decompression involving posterior craniectomy, laminectomy, 
and duroplasty have remained to be the definitive treatment 
of CMI.[8,9]

Any abnormal increase in the PFV or stenosis of FM causes 
brain stem, cerebellum, and cranial nerve compressions, 

which are manifested by cardiac, respiratory complications, 
lower cranial nerve dysfunctions, upper and lower extremity 
paresis, hyper/hypotonia, hyperreflexia, or clonus.[10] Thus, 
we need a detailed anatomy of posterior fossa and FM 
for a proper diagnosis of PCF abnormalities, as well as in 
determining the proper surgical approach. So the aim of the 
present investigation was to evaluate the PCF volume and 
the surface area of FM in the adult South Indian population, 
in the CT scan films of patients suspected of head injury and 
to correlate our findings with the current literature. It can 
also help in a great way to sonologists and neurosurgeons for 
better diagnostic procedures, as well as proper planning of the 
treatment modalities of the posterior fossa.

Materials and Methods

This cross‑sectional study was carried out in a tertiary care 
referral hospital in South India from January to August 
2015. One hundred adult CT scans without any bony or 
soft tissue abnormalities from the suspected cases of 
head injury patients with age ranging from 18 to 70 years 
from Radiodiagnosis department were included in this 
study. The patient’s consent was obtained, and the study 
procedure was approved by the Institutional Research 
Committee. The height of the PCF was measured as the 
perpendicular distance between the Twining’s line and 
McRae's line  [Figure  1a and b]. The anteroposterior  (AP) 
diameter is the maximum distance from the dorsum sellae 
to internal occipital crest while the transverse diameter is 
the maximum distance between the points just below the 
base of petrous temporal bone in the groove for sigmoid 
sinus  [Figure 1c and d]. The PFV was calculated by using 
a formula abc/2, where “a” is the height of the posterior 
fossa, “b” is the greatest AP diameter, and “c” is the greatest 
transverse diameter.[11] The AP diameter of FM was measured 
from basion to opisthion, and the transverse diameter was 
measured by connecting the most distally placed lateral 
points perpendicular to the AP diameter [Figure 1e and f]. 
The surface area of FM was calculated using the formula 
πr2, where r is the average radius calculated from both AP 
and transverse diameters.[12] All the above parameters were 
measured by two independent observers to eliminate inter/
intraobserver errors. The CT scans were performed using 
an Optima volume CT 660 machine; brain images were 
obtained with thickness/space 5/5 mm (4 images/rotation); 
reconstruction were done with a thickness of 0.625 mm with 
a total of 256 images, and the measurements were taken 
from reconstructive images. The data obtained from the CT 
scans of PCF and FM were subjected to statistical analysis by 
using  SPSS software version 16 (SPSS Inc., Chicago, IL, USA). 
Independent sample t‑test and analysis of variance test were 
used. P <0.05 was considered significant.
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Appendix
The derivation of the abc/2 formula is as follows: The volume 
of an ellipsoid is 4/3π(a/2)(b/2)(c/2), where a, b, and c are the 
three diameters. If π is estimated to be 3, then the volume of 
an ellipsoid becomes abc/2.[11]

Results

The height and volume of the PCF and the various dimensions 
of the FM were recorded in 100 CT scans of suspected head 
injury patients. The age of the patients were ranged from 18 

to 70 years with a mean of 41.22 ± 13.937 years [Table 1]. 
There were 53 males and 47 females. Patients with fracture 
of base of the skull and with soft tissue injuries including 
brain parenchyma were excluded from this study. The 
dimensions such as height, AP, and transverse diameters 
and PFV were measured in the CT scans and were depicted 
in Table 2. The AP, transverse diameters, and the surface area 
of FM in the CT scans were enumerated in Table 3. There 
was no significant difference in the dimensions of posterior 
fossa and FM among the various age groups. Almost all the 
dimensions of PCF and FM were larger in males compared 
to females. These differences were statistically significant 
in all except AP diameter of FM [Table 4]. The mean height 
of PCF was 38.08  (±4.718) mm  (range 37.16–38.96  mm), 
and the mean PFV was 157.23  (±6.700) mm3,  (range 
155.89–158.59 mm3) in the CT scans of head injury patients. 
The mean AP, transverse diameters, and mean surface area 
of FM were 33.13  (±3.286) mm, 29.01  (±3.081) mm, and 
763.803 (±138.276) mm2, respectively. A Whisker‑Boxplot 

Table  1: Age distribution of suspected head injury 
patients enrolled in this study
Age (years) Frequency Percentage Mean age
18-24 13 13.0 41.22±13.937
25-34 22 22.0
35-44 21 21.0
45-54 24 24.0
55-64 13 13.0
65-70 7 7.0
Total 100 100.0

Table  2: Dimensions of the PCF according to various 
age groups in suspected head injury patients
Age group (years) Posterior fossa height (mm) P PFV (mm3) P
18-24 (n=13) 37.20±5.822 0.808 156.83±6.900 0.816
25-34 (n=22) 38.72±4.651 158.43±7.638
35-44 (n=21) 38.42±3.937 156.95±6.744
45-54 (n=24) 37.16±4.724 155.89±5.547
55-64 (n=13) 38.96±3.498 158.59±6.544
65-70 (n=7) 38.21±7.249 157.14±8.295
PCF – Posterior cranial fossa; PFV – Posterior fossa volume

Table  3: Dimensions of the FM according to various 
age groups in suspected head injury patients
Age group 
(years)

APD (mm) P Transverse 
diameter (mm)

P Surface 
area (mm2)

P

18-24 (n=13) 33.12±2.56 0.810 28.11±2.58 0.254 739.64±105.72 0.422
25-34 (n=22) 33.06±2.74 28.93±2.60 758.87±119.41
35-44 (n=21) 33.03±3.80 29.42±3.54 780.27±167.33
45-54 (n=24) 32.94±3.26 28.73±3.14 758.02±132.71
55-64 (n=13) 34.02±3.00 30.60±3.46 825.80±145.52
65-70 (n=7) 31.75±5.21 27.52±2.28 700.00±155.17
FM – Foramen magnum; APD – Anteroposterior diameter

Figure 1: (a) Brain computed tomography midsagittal film demonstrating 
the boundaries of posterior fossa. (b) Brain computed tomography 
midsagittal film (bone window) demonstrating the measurement of 
height of the posterior fossa. DS – Dorsum sellae; IOC – Internal 
occipital crest; TL – Twining’s line; BS – Basion; OS – Opisthion; 
ML – McRae’s line; H – Height of posterior fossa. (c) Brain computed 
tomography axial film demonstrating anteroposterior and transverse 
diameters of posterior cranial fossa. DS – Dorsum sellae; IOC – Internal 
occipital crest; PT – Base of Petrous temporal; APD – Anteroposterior 
diameter; TD – Transverse diameter. (d) Brain computed tomography 
axial film (bone window) demonstrating the measurement of 
anteroposterior and transverse diameters of posterior cranial fossa. 
(e) Brain computed tomography axial film demonstrating anteroposterior 
and transverse diameters of foramen magnum. (f) Brain computed 
tomography axial film (bone window) demonstrating the measurement 
of anteroposterior and transverse diameters of foramen magnum. 
BS – Basion; OS – Opisthion; APD – Anteroposterior diameter; 
TD – Transverse diameter
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for various dimensions of PCF and FM by gender were also 
done [Figure 2].

Discussion

The various pathological conditions of the PCF viz., axial 
tumors like medulloblastoma, cerebellopontine angle 
tumors, aneurysms of vessels of the posterior fossa, 
arterio‑venous malformations, cranial nerve lesions, and 
the craniovertebral junction abnormalities like Arnold‑Chiari 
malformations are quite common. A fundamental knowledge 
of PCF and FM including its normal dimensions and extent 
is essential clinically for accurate radiological diagnosis and 
in the proper planning of various surgical interventions. 
Normal variations in the PCF and FM were seen in various 
races, religions, body habitus, gender, geographical, and 
genetic factors. Several studies were conducted on the 
normal dimensions of both PCF and FM in the various parts 

of the world, but information available among South Indian 
population was very limited. Our study adds up to the above 
deficit and has a superior advantage over other studies as 
we have measured the dimensions of both posterior fossa 
and FM from the CT scans of suspected head injury patients 
to evolve a rational data that will have an immense help to 
clinicians as a whole.

Kanodia et al. reported that the mean posterior fossa height 
was 3.01  cm in the dry skull and 3.52  cm in CT scans.[10] 
Shrestha et al. in their study using sagittal MRI films measured 
the height from basion to the peak of tentorium cerebelli 
and reported as 47.28  ±  7.0  mm in CMI patients and 
54.11 ± 5.45 mm in the control groups.[13] Aydin et al.[8] in 
their study using MRI scans, measured the height of posterior 
fossa from splenium of the corpus callosum to McRae's line 
and this value was slightly higher than our values. The mean 
height of posterior fossa in the CT scans of the suspected head 

Figure 2: (a) Posterior fossa height (mm) in relation to genders. (b) Posterior fossa volume (mm3) in relation to genders. (c) Anteroposterior 
diameter (mm) of foramen magnum in relation to genders. (d) Transverse diameter (mm) of foramen magnum in relation to genders. (e) Surface 
area (mm2) of foramen magnum in relation to genders
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Table  4: Mean dimensions of the PCF and FM in suspected head injury patients in relation to gender
Dimensions Total (mean) Sex (mean±SD) P

Male (n=53) Female (n=47)
Posterior fossa height (mm) 38.08±4.718 39.63±4.791 36.34±3.995 0.0001
PFV (mm3) 157.23±6.700 159.66±6.324 154.50±6.083 0.0001
FM APD (mm) 33.13±3.286 33.67±2.96 32.52±3.54 0.081
FM transverse diameter (mm) 29.01±3.081 29.65±3.15 28.30±2.86 0.028
FM surface area (mm2) 763.803±138.276 800.11±143.789 722.859±120.607 0.005
SD – Standard deviation; APD – Anteroposterior diameter; PCF – Posterior cranial fossa; FM – Foramen magnum; PFV – Posterior fossa volume
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injury patients in our present study was 38.08 (±4.718) mm, 
and our measurement was more or less similar to that of 
Kanodia et  al.[10] The wide variations in the values of the 
posterior fossa of the other workers may be explained due 
to the different methodology employed by different authors.

The mean PFV was calculated by using a simple formula 
abc/2, and this formula was used to calculate the volume of 
intracranial hematoma and abscess.[11] Kanodia et al.[10] used 
both the formula abc/2 and a built‑in‑software to calculate PFV. 
They have reported that the PFV was 122.49 cm3 in the dry 
skull and 157.88 cm3 in CT scans. Bagci et al.[14] using MRI scans 
in adult cohort CMI patients, calculated the mean PCF volume 
as 196  ±  8.7 mL while Nishikawa et  al.,[3] Noudel et  al.,[15] 
and Milhorat et  al.[16] recorded as 186  mL, 174  ±  25  mL, 
and 166 ± 8 mL respectively, using both CT and MRI‑based 
studies. The mean PFV using CT scans in the suspected 
head injury group in our study was 157.23  (±6.700) mm3 
and our measurement was more or less similar to that of 
Kanodia et al.,[10] but it was slightly lesser than the volume 
calculated using MRI scans.[8,13]

The normal volume of the PCF and its height are the prime 
factors to determine the overcrowding of the PCF. Some 
patients with bony hypoplasia become symptomatic at an 
early age. The severity of presentations could be more with 
more overcrowding as in congenital anomalies like CMI. 
Underdeveloped PCF associated with short height could lead 
to downward herniation of the contents in adult and pediatric 
patients leading to syringomyelia and cause obstruction of the 
normal CSF circulation.[3,17] Most of the previous studies suggest 
that the overcrowding in the posterior fossa is produced by the 
underdevelopment of the occipital endochondrium, possibly 
due to the underdevelopment of occipital somites originating 
from paraxial mesoderm in the intrauterine life, resulting 
in posterior fossa hypoplasia with CSF flow abnormalities 
manifested in the adult with varying degrees of tonsillar 
herniation.[3,4,18] The basioccipital shortness was a cardinal 
feature of the shallow PCF. This may be due to a congenital 
disorder of the cephalic mesoderm of the parachordal plate or 
occur in the later infancy because of premature fusion of the 
spheno‑occipital synchondrosis.[19]

The hypoplasia of PCF results in herniation of normal sized 
hindbrain and leading to the development of CMI. Other factors 
contribute to the development of CMI are the shorter lengths of 
clivus and supraocciput and height of posterior fossa.[3,8,13] The 
reduction in the angle between the tentorium and twining's 
line leads to a steeper tentorium, due to the upward shift of 
contents of the posterior fossa, causes overcrowding of PCF 
and finally leads to a downward shift of hindbrain, causes 
cerebellar tonsil herniation. The herniation of the cerebellar 
tonsils through FM into cervical canal also leads to the 
obstruction of the anatomical pathway of the CSF circulation 
and leads to the development of hydrocephalus.[3]

The basilar invagination is the other important factor for 
the development of syringomyelia because it also causes 
the reduction in the PFV. It can be confirmed by radiological 
identification of the odontoid protrusion above McRae’s line. 
It is the causative factor for 25–50% of CMI in adults. The 
surgical intervention was different in these patients with CMI 
with syringomyelia as it requires anterior decompression.[20] 
Goel et al. reported that small PFV were associated with Chiari 
malformation in a basilar invasion while patients with only 
basilar invasion without Chiari malformation had a normal PFV. 
They recommended decompression of the FM in small PFV group 
patients.[21] Nishikawa et al. estimated the PCF overcrowding 
by calculating a “volume ratio,” between the volume of the 
PCF brain to volume of PCF cranium and suggested that in 
adult‑type Chiari malformation an underdeveloped occipital 
bone possibly due to underdevelopment of occipital bone 
originating from the paraxial mesoderm induces overcrowding 
in the posterior fossa, which contains the normally developed 
hindbrain. Basilar invagination is associated with a more 
severe downward herniation of the hindbrain due to the more 
severely underdeveloped occipital endochondrium, which 
further exacerbates overcrowding of posterior fossa.[3]

Grant et al. reported that the meningomyelocele was found 
to associate with tonsillar herniation and a smaller posterior 
fossa. The antenatal surgical repair was conducted to correct 
both abnormalities in this case.[22] Badie et al. concluded that 
that the ratio of PFV to supratentorial volume, i.e. posterior 
fossa ratio (PFR) was smaller in most patients with CMI. The 
smaller PCF may be the primary cause of tonsillar herniation. 
Patients with CMI who have smaller PFRs tend to develop 
symptoms earlier than those with normal values. They also 
observed that patients with smaller PFRs tend to respond 
better to suboccipital decompression.[20] Sgouros et  al. 
suggested that children with both CMI and syringomyelia 
had a significantly smaller PFV than children with isolated 
CMI alone and that they concluded that the two subgroups 
may represent different phenotypic expression or even a 
different pathogenesis.[23] Trigylidas et al. observed that the 
mean PFV/intracranial volume ratio for all CMI patients was 
statistically smaller than that of the control patients.[24] But 
Tubbs et al.[25] who analyzed volumetric analysis in a family 
of CMI documented in four generations concluded that it is 
not necessary that patients with a CMI will have a smaller 
PCF. Sekula Jr et al.[18] analyzed 22 patients prospectively and 
suggested that tonsillar descent  <3–5  mm below the FM 
with congenitally hypoplastic posterior fossa, results CSF flow 
abnormalities, causing symptomatology consistent with CMI.

It is an accepted fact that CMI is due to the result of a paraxial 
mesodermal defect of the parachordal plate or premature 
stenosis of the spheno‑occipital synchondrosis.[19,24] Hwang 
et al. also agreed with the above theory and further proposed 
that premature stenosis of the spheno‑occipital synchondrosis 
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causes premature closure of the spheno‑occipital synchondrosis 
similar to craniosynostosis of the calvaria. The shape of the 
posterior fossa eventually changes into a narrow funnel shape, 
reflecting the slab‑sided and narrow posterior fossa, such as 
inverted oxycephaly of coronal suture craniosynostosis.[26]

Various surgical modalities have been employed to manage 
CMI decompression over the last 100  years. Some experts 
suggested performing only a simple suboccipital craniectomy 
with C1 or C1, C2 laminectomy.[27] Others recommended an 
enlargement of the dura of the posterior fossa in addition to 
the craniectomy. The most effective treatment of CMI is to 
enlarge the FM and expand the dura by surgical approaches, 
such as suboccipital craniectomy, craniectomy with C1, C2 
laminectomy, and duroplasty. Sindou et  al. performed FM 
decompression with extreme lateral rim resection, followed 
by dural enlargement was considered to be the most effective 
treatment for CMI whether associated with syringomyelia or 
not. Bilateral resection of the tonsil has been advocated by 
some surgeons in order to achieve an optimal decompression 
of the cervico‑occipital junction.[28,29] In the cases of either 
occipital hypoplasia or early synostosis of spheno‑occipital 
synchondrosis, the posterior fossa assumes the shape of 
a funnel, and since the sigmoid sinus forms the bilateral 
limitation, there seems a less change in the bilateral diameter 
of the posterior fossa in CMI group. But there seems to 
be a slight change in anteroposterior diameter of the FM 
in CMI group than normal patients. For the effective PCF 
decompression, sufficient cephalocaudal extension of the 
craniotomy of the PCF in patients with symptomatic CMI 
is important.[29] Thus, the morphometrical assessments of 
both, the posterior fossa and FM, in the control group and 
symptomatic CMI patients will, however, aid in the selection 
of most effective, ideal surgical techniques most suited to CMI 
patients based on morphological changes in PF.

The FM and the occipital bone develops from cells of two 
different origins. The first one is the chondrocranium that 
constitutes the bones at the cranial base and is formed by 
endochondral ossification. The second one constitutes the 
parachordal cartilage around the cranial end of the notochord. 
Both of them fuse into a cartilaginous mass and is derived 
from the sclerotomal regions of the occipital somites. These 
cartilaginous mass grow extensively around the cranial end of 
the spinal cord and contribute to the base of the occipital bone 
and the boundaries of the FM. After birth, the growth of the 
cranial base continues at the spheno‑occipital synchondrosis 
until adolescence.[27]

The FM is the prime component in the complex network of 
bony, ligamentous, and muscular structures that comprise the 
craniovertebral junction. The size and shape of the FM are the 
critical parameters for the manifestation of clinical signs and 
symptoms in craniocervical pathology. Lang et al. classified 

five different groups of FM based on the different shapes: (a) 
Two semicircles,  (b) an elongated circle,  (c) egg‑shaped,  (d) 
rhomboidal, and (e) rounded.[30] On the other hand Kumar et al. 
described the shape of FM into another five types namely, oval, 
rounded, tetragonal, hexagonal, and irregular shapes.[31] Tubbs 
et al. described three types of FM based on the surface area. Type I 
foramina seen in 20.8% of skulls with surface area <500 mm2. 
Type II foramina (66.6%) with intermediate size with a surface 
area between 500 and 600 mm2. Type III with large skulls with 
a surface area more than 600 mm2 (12.5%).[12]

The AP and transverse diameters of the FM are to be 
independent risk factors in patients with craniocervical 
anomalies.[32] Kanodia et al. in their prospective study of 100 
CT scans, reported that mean AP, transverse diameter, and 
surface area of FM were 3.31 cm, 2.76 cm, and 729.15 mm2, 
respectively, in CT scan group.[10] Kosif et al. studied the FM using 
midsagittal MRI images and measured the diameter of FM as 
38.19 ± 3.85 mm in males and 36.09 ± 2.79 mm in females.[33] 
Murshed studied the morphometry of FM in CT scans of 110 
normal subjects and recorded the sagittal  (AP) diameter as 
37.3 ± 3.43 mm and transverse diameter 31.6 ± 2.99 mm in 
males and 34.6 ± 3.16 mm and 29.3 ± 2.19 mm in females, 
respectively.[34] Gopalrao et al. in 2013 studied the FM in 100 
CT scans of all age groups and recorded the AP and transverse 
diameters were 33.90 ± 2.61 mm and 28.05 ± 2.22 mm in 
males and 32.35 ± 3.16 mm and 26.88 ± 2.96 mm in females, 
respectively.[35] In this study, the AP, transverse diameters, 
and the surface area of the FM were 33.67  (±2.96) mm, 
29.65 (±3.15) mm, and 800.11 (±143.789) mm2 in males and 
32.52 (±3.54) mm, 28.30 (±2.86) mm, and 722.859 (±120.607) mm2 

in females, respectively. Our measurements were more or 
less coincides with that of other CT scan study groups. The 
majority of the authors confirmed that both AP, transverse 
diameters, and surface area of FM were greater in males 
compared to females, indicating sexual dimorphism, and 
it also helps to determine the sex in certain medico‑legal 
conditions, such as in aircraft accidents, bomb explosions, 
and post‑war sequel.[36] The results of our study also confirm 
the above gender dominance. Slight variations in our results 
could be explained due to the difference in races, habitus, and 
geographical and genetic factors.

The FM transmits numerous neurovascular structures, which 
may suffer compressions in certain pathological conditions, 
such as FM achondroplasia and FM brain herniation. These 
patients need a carefully planned surgical intervention for 
decompression. A detailed knowledge of the dimensions of the 
FM is useful to determine the congenital malformations such as 
Arnold‑Chiari malformations, which usually shows an increase 
in transverse diameter. In patients with achondroplasia, 
the size of FM was small with exaggerated neurological 
problems. The configuration of the FM has been found to be 
larger in Chiari malformations types I and II than with control 



Iqbal, et al.: CT study of posterior fossa and foramen magnum

434Asian Journal of Neurosurgery
Volume. 12, Issue 3, July‑September 2017

subjects.[37] Furtado et al. found that there was no statistical 
difference in the area and linear dimensions of the FM in 
children with CMI and control groups.[38] The symptoms of CMI 
develop very early in patients who have a short AP diameters 
of FM than others.[39] Aydin et al. in their study, noted that 
all measurements except AP diameter of FM were reduced in 
patients with CMI than compared to control. Most of them 
have tonsillar herniation 5 mm below FM and were associated 
with syringomyelia.[8] Patients with stenosis of FM, such as 
craniometaphyseal dysplasia, Jeune’s asphyxiating thoracic 
dystrophy, spherophakia‑brachymorphism  (Marchesani’s 
syndrome), and Beare‑stevenson syndrome could develop early 
and severe symptoms.[10] The anatomy of the craniocervical 
region may be different in CMI patients with syringomyelia 
who develop syringobulbia than to with other patients of CMI 
with or without syringomyelia.[40] An increased frequency of 
cerebellar tonsillar herniation was associated with patients 
with an increased AP diameter of FM.[41]

For transcondylar approach for decompression, to understand 
the bony anatomy of FM is of utmost importance. Muthukumar 
et al. have suggested that the occipital condyle can be safely 
drilled for a distance of 12  mm from the posterior margin 
before encountering hypoglossal canal. In over  20% of the 
skulls, the occipital condyle protrudes significantly into the 
FM. Wide and sagittally inclined occipital condyles, medially 
protuberant occipital condyles along with an FM index of more 
than 1.2 will require much more extensive bony resection than 
other patients.[42] Transcondylar approach is also the commonly 
employed procedure to access the lesions which are ventral 
to the brain stem and cervicomedullary junction. The longer 
AP diameter of the FM permits greater contralateral surgical 
exposure for condylar resection.[43]

Strengths and limitations
Large sample size is the strength of our study. Morphometrical 
analysis in CT scans of suspected head injury patients without 
bony injury were used in this study. Moreover, only a few 
publications listing the CT measurements of posterior fossa 
and FM were available in the current medical literature. This 
was a cross‑sectional study in which all age groups ranging 
from 18 to 70 years were included. Notable limitations include 
that of the duration of the study and the pediatric age group, 
which is the predominant age group for anomalies of this 
region, has not included in this study, as it was difficult to get 
sufficient specimens.

Conclusion

Normal ranges of various dimensions of PCF and FM of adult 
South Indian population were determined using CT scans, 
which could serve as future reference. The various dimensions 
of PCF and FM were less in females compared to males and 
was also useful to determine various congenital malformations 
like Arnold‑Chiari syndrome and in surgical procedures of FM 

and PCF decompression. Dry skull measurements could not be 
relied upon because it may mislead surgeons due to shrinkage 
and demineralization.
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