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INTRODUCTION 

	 Foramen magnum (FM) is the largest foramen in 
the posterior cranial fossa of the occipital bone. It has 
long antero-posterior diameter, it is wider behind than 
in front where it is intruded upon by the condyles. FM 
transmits the accessory nerves, the medulla oblongata 
and its membranes, the spinal arteries, the vertebral 
arteries, and the membrana tectoria and alar ligaments.1

	 The foramen magnum of the base of skull is a vital 
landmark in many fields of medicine. It is of particular 
interest due to its vital location because of its close 

relationship to important structures such as the brain 
above and the spinal cord below.2 The size and shape of 
foramen magnum have significant differences amongst 
different populations.3 It has also been reported that 
some correlation exists between the its shape and the 
origin of a person.

	 The dimensions of FM are clinically important 
as several important structures pass through it. These 
structures may become compressed as, in brain herni-
ation4,5, and FM achondroplasia6. In neurosurgery, the 
transcondylar method is frequently used in order to 
gain access to the structures that are located anteriorly 
to the cervico-medullary junction and the brainstem. It 
has been reported that anatomical knowledge of the 
condylar area is vital for this approach.7

	 Accordingly, calculation of the dimension of FM, in 
relation to hindbrain provides a sign for commencement 
and spread of Chiari I deformaty.8

	 Morphology of the FM plays a vital role in the 
pathophysiology of several ailments of the cranioverte-
bral junction and the posterior cranial fossa. Narrowing 
of foramen magnum causes compression of brainstem 
resulting in respiratory problems, paresis of upper and 
lower extremity, hypo- or hypertonia, dysfunctions of 
lower cranial nerves, hyperreflexia, or clonus.9-11

	 Thus, to reach better diagnosis and treatment, 
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ABSTRACT 

Aims and objectives: To study the different shapes of foramen magnum and to evaluate the anteroposterior, transverse 
diameters and foramen magnum index in adult male cadaveric skulls in northern Pakistani population.
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Results: In 25.5% the FM was noted to have egg shape, in 21.3% it was oval shape, in 17% was tetragonal, in 14.9% 
was pentagonal shape, in 10.6% it was hexagonal, in 6.4% it was round shape and in 4.3% of the total cases it was 
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ameter was noted as 35.5 ± 3.4 and TD of the FM was noted as 31.9 ± 1.4 mm. The average FM index (AP divided 
by TD) was calculated as 1.12 + 0.11. 

Conclusion: Normal ranges of various shapes and dimensions of Forman magnum were determined in this study. 
The data may be very helpful for the neurosurgeons and may also serve as a future reference for morphologists, an-
thropologists and clinical anatomists.
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a thorough anatomical knowledge of this region is im-
perative to the clinicians. The purpose of this study was 
to study different dimensions of FM in KPK population. 
The results could be helpful in better classification and 
management of diseases of this area and help as an 
anatomical reference in future.

MATERILAS AND METHODS 

	 This study was conducted in Anatomy Depart-
ment Khyber Girls Medical College (KGMC) Peshawar 
and Anatomy Department Khyber Medical College 
(KMC) Peshawar. Human adult dry skulls present in 
the bone banks were examined in this study. A total of 
47 skulls of adult male were examined. Skulls without 
any gross bony abnormality were selected. Skulls were 
numbered and data was entered in the information 
sheet accordingly. The different shapes of FM were 
grouped as oval, round, egg, hexagonal, pentagonal, 
tetragonal, and irregular. In order to avoid observational 
bias, these shapes were determined by a three mem-
bers team. The antero-posterior (AP) and transverse 
diameters (TD) of the FM were measured using digital 
Vernier calipers. The AP diameter was measured by 
measuring the distance between the ends of anterior 
and posterior border. The TD was measured by mea-
suring the distance between the point of maximum on 
the right and left margins. The FM index was obtained 
by dividing AP by the TD. The data was analyzed and 
presented as mean + SD. Photographs were taken with 
Nikon D 3100.

RESULTS

	 The different shapes of foramen magnum ob-
served in this study are given in figure 1. In 25.5% the 
FM was noted to have egg shape, in 21.3% it was oval 
shape, in 17% was tetragonal, in 14.9% was pentagonal 
shape, in 10.6% it was hexagonal, in 6.4% it was round 
shape and in 4.3% of the total cases it was irregular 
shape. The different shapes of foramen magnum and 
their percentages are shown in table 1. In 6 (12.8%) of 
the cases the occipital condyle was noted to protrude 
into the FM (Figure 2). 

	 The mean AP diameter was noted as 35.5 ± 3.4 
and TD of the FM was noted as 31.9 ± 1.4 mm (shown 
in figure 3). The average FM index (AP divided by TD) 
was calculated as 1.12 + 0.11. Different dimensions of 
foramen magnum are given in table 2. 

DISCUSSION 

	 Pathologies of the craniovertebral junctions and 
base of skull are fairly common. Anatomical and nor-
mal morphometric knowledge is vital for planning of 
the proper management. Differences in gender, races, 
physique, religions, geographical, and genetic factors 
have profound effect on normal variations. Although 
there are many studies in different countries on normal 
morphology and morphometry of foramen magnum, 
but very scarce data is available in Pakistan particular 
in Khyber Pakhtunkhwa. 

Shape of FM

	 In present study 25.5% the FM was observed to 
have egg shape, in 21.3% it was oval shape, in 17% was 

Figure 1: Showing different shapes of FM, A = Egg Shape B = oval, C = Tetragonal, D = Pentagonal, E =Hexago-
nal, F = Round, G = Irregular
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Figure 2: Arrows showing the occipital condyles 
protruding into FM

Figure 3: showing AP and TD of FM

Table 1: Various shapes of FM observed and their 
percentage (n = 47)

Various shapes of 
FM 

Number of 
cases

% Age 

1 Egg shape 12 25.50

2 Oval shape 10 21.30

3 Tetragonal shape 08 17.00

4 Pentagonal shape 07 14.90

5 Hexagonal shape 05 10.60

6 Round shape 03   6.40

7 Irregular shape 02   4.30

Table 2: Dimensions of FM

Mean SD
AP Diameter 35.55 ±3.44

Transverse diameter 31.96 ±1.43

FM Index 1.12 ±0.11

tetragonal, in 14.9% was pentagonal shape, in 10.6% 
it was hexagonal, in 6.4% it was round shape and in 
4.3% of the total cases it was irregular shape. In a study 
performed by Zaidi and Dayal, the different shapes of 
FM observed were, oval shape in 64% hexagonal shape 
in 24.5%, pentagonal in 7.5%, irregular and round in 
3.5% and 0.5% of the skulls respectively.12 

	 In contrast Sindel et al. has reported oval foramen 
in only 18.9%, tetragonal in 49.4%, round in 15.8%, 
hexagonal in 5.3%, pentagonal in 4.2%, and irregular 
in 6.3% of the cases.13 Murshed et al in their study on 
healthy individuals by examination of computer tomo-
gram films has reported round shape in 21.8%, irregular 
in 20%, hexagonal in 17.2%, pentagonal in 13.6%, 
tetragonal in 12.7%, oval in 8.1%, and egg-shaped in 
6.3% of the cases.14 Chethan P. et al has reported round 
shape in 22.6%, oval in 15.1%, egg shape in 18.9%, 
tetragonal in 18.9%, irregular in 15.1%, hexagonal in 
5.6% and pentagonal in 3.8% of the total cases.15

Dimensions of FM

	 In our study the mean AP diameter of the FM was 
noted as 35.5 ± 3.4 and TD was noted as 31.9 ± 1.4 
mm. The mean FM index was noted as 1.12 + 0.11. 
The anatomic diameters reported by different studies 
were about 35 mm for the AP and 30 mm for the TD16,17. 
Zaragoza18 has reported mean values of 38 mm and 
28 mm, whereas the radiologic values obtained by 
Wackenheim19 were 35 mm and 30 mm for the AP and 
the TD respectively. Another study by Tubbs et al. has 
reported 31 mm for the AP and 27 mm for the TD.20 But 
our findings are comparable to that of Murshed et al14 

35.9 ± 3.3 mm for AP and 30.4 ± 2.6 mm for the TD, 
Catalina-Herrera et al21 (35.2 mm and 30.3 mm), and 
Schmeltzer et al22 with 35 mm and 30 mm for the AP 
and TD respectively.

FM Index

	 The mean FM index in this study was recorded 
as 1.12 + 0.11 mm. protrusion of the occipital condyle 
into the FM was observed in 8 (17%) of the cases. A 
study by Chethan P. et al15 has reported the mean FM 
index as 1.2 ± 0.1 mm. Testut and Latarjet argued that 
wide, sagittally disposed and medially bulging occipital 
condyles along with a FM index greater than 1.2 will 
require severe bone cutting during surgeries.17 A study 
conducted on Nepalese population in order to find out 
the sexual dimorphism of the FM by using three-dimen-
sional CT scan has reported increased mean AP, TD 
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and surface area in males as compared to females.17 

Gocmen Mas et al. in their study by using the Teixeria, 
Radinsky, and Cavalieri formulae have reported a sig-
nificant difference in the mean surface area of FM.24

Clinical implications of shape and 
dimensions of FM

	 The AP and the TD have been observed to be 
independent risk factors in patients with carniocervical 
anomalies.25-28 As compared to normal people, the FM 
of patients with Chiari I and II deformities has been 
observed to have greater configurations.29 A study on 
children with confirmed Chiari I deformity, has shown 
markedly larger TD of the FM, as compared to the con-
trol group.30 Patients with diseases which are associated 
with narrowing of FM such as Jeune’s asphyxiating 
thoracic dystrophy, craniometaphyseal dysplasia and 
Marchesani’s disorder,31-33 and those with Beare-Steven-
son syndrome which is characterized by hypertrophied 
bony margins, could develop more severe and early 
symptoms.34

CONCLUSION

	 The present study has presented the normal 
ranges of various dimensions and shapes of FM in adult 
male skulls for northern Pakistani population. The data 
may be valuable to the neurosurgeons in examining 
the morphological anatomy of craniovertebral junction. 
These findings may also serve as a future reference for 
morphologists, anthropologists and clinical anatomists.

REFERENCES

1.	 Gray’s Anatomy: The Anatomical Basis of Clinical 
Practice. S. Standring: Churchill Livingstone. 39th 
Edition.

2.	 Gruber P, Henneberg M, Boni T, Ruhli FJ: Variability of 
human foramen magnum size. Anat Rec 292:1713-
1719, 2009 5.

3.	 Zdilla, M. J., Russell, M. L., Bliss, K. N., Mangus, K. 
R., & Koons, A. W.The size and shape of the foramen 
magnum in man. J Craniovertebr Junction Spine 
2017; 8: 205–221.

4.	 Reich JB, Sierra J, Camp W, Zanzonico P, Deck MD, 
Plum F: Magnetic resonance imaging measurements 
and clinical changes accompanying transtentorial 
and foramen magnum brain herniation. Ann Neurol 
1993; 33:159-170. 

5.	 Ropper AH: MRI demonstration of the major features 
of herniation. J Neurol Neurosurg Psychiatry 1993; 
56:932-935.

6.	 Hecht JT, Horton WA, Reid CS, Pyeritz RE, 
Chakraborty R: Growth of the foramen magnum in 
achondroplasia. Am J Med Genet 1989; 32:528-535.

7.	 Muthukumar N, Swaminathan R, Venkatesh G, 
Bhanumathy SP: A morphometric analysis of 
the foramen magnum region as it relates to the 

transcondylar approach. Acta Neurochir (Wien) 
2005; 147:889-895.

8.	 Furtado SV, Thakre DJ, Venkatesh PK, Reddy K, 
Hegde AS: Morphometric analysis of foramen mag-
num dimensions and intracranial volume in pediatric 
chiari I malformation. Acta Neurochir (Wien) 2010; 
152:221-227.

9.	 Bagley CA, Pindrik JA, Bookland MJ, Camara-Quin-
tana JQ, Carson BS. Cervicomedullary decompres-
sion for foramen magnum stenosis in achondropla-
sia. J Neurosurg 2006; 104:166-72.

10.	 Dickman C, Spetzler RF, Sonntag VK. Surgery of 
the craniovertebral junction. 1st ed. New York, NY: 
Thieme Medical Publishers; 1998.

11.	 Wang H, Rosenbaum AE, Reid CS, Zinreich SJ, 
Pyeritz RE. Pediatric patients with achondroplasia: 
CT evaluation of the craniocervical junction. Radiol-
ogy 1987; 164:515-9.

12.	 Zaidi SH, Dayal SS: Variations in the shape of fora-
men magnum in Indian skulls. Anat Anz Jena 1988; 
167:338-340.

13.	 Sindel M, Ozkan O, Ucar Y, et al: Foramen mag-
num’un anatomik varyasyonları. Akd U Tip Fak 
Dergisi1989; 6:97-102. 

14.	 Murshed KA, Cicekcibasi AE, Tuncer I: Morphometric 
evaluation of the foramen magnum and variations 
in its shape: A study on computerized tomographic 
images of normal adults. Turk J Med Sci 2003; 
33:301-306.

15.	 Chethan, P., Prakash, K. G., Murlimanju, B. V, 
Prashanth, K. U., Prabhu, L. V, Saralaya, V, et.al: 
Morphological analysis and morphometry of the 
foramen Magnum: An anatomical investigation. 
Turkish Neurosurgery 2012; 22: 416–419. 

16.	 Rouviere H: Anatomia humana descriptiva y topogra-
fica.Madrid: Bailly Bailliere, 1956

17.	 Testut L, Latarjet A: Tratado de Anatomia humana. 
Barcelona: Salvat, 1977

18.	 Zaragoza E: Malformaciones de la charnela occipi-
to-cervical y sus correlaciones clinicas. Ministerio 
del Trabajo. IN de Previsi.n: Madrid, 1974.

19.	 Wackenheim A: Roentgen diagnosis of the cranio-
vertebral region. NewYork: Springer, 1974.

20.	 Tubbs RS, Griessenauer CJ, Loukas M, Shoja MM, 
Cohen-Gadol AA: Morphometric analysis of the fo-
ramen magnum: An anatomic study. Neurosurgery 
2010; 66:385-388. 

21.	 Catalina-Herrera CJ: Study of the anatomic metric 
values of the foramen magnum and its relation to 
sex. Acta Anat 1987; 130:344-347.

22.	 Schmeltzer A, Babin E, Wenger JJ: Measurement 
of the foramen magnum in children and adults. 
Neuroradiology 1971; 2:162-163.

23.	 Singh, P. K., Tamrakar, D., Karki, S., & Menezes, R. 
G. Determination of sex from the foramen magnum 



KJMS September-December, 2018, Vol. 11, No. 3 335

using 3DCT: A Nepalese study. Kathmandu Univer-
sity Medical Journal 2017; 15:61–65. 

24.	 Gocmen Mas, N., Cirpan, S., Aksu, F., Yonguc 
Demirci, G. N., Lafci Fahrioglu, S., Durmaz, O., & 
Karabekir, S: Comparison of Three Methods Used for 
Estimating Area of Foramen Magnum. The Journal 
of Craniofacial Surgery 2018; 29:792–795.

25.	 Bagley CA, Pindrik JA, Bookland MJ, Camara-Quin-
tana JQ, Carson BS. Cervicomedullary decompres-
sion for foramen magnum stenosis in achondropla-
sia. J Neurosurg 2006; 104:166-72.

26.	 Hecht JT, Nelson FW, Butler IJ, Horton WA, Scott CI 
Jr, Wassman ER, et al. Computerized tomography 
of the foramen magnum: Achondroplastic values 
compared to normal standards. Am J Med Genet 
1985; 20:355-60.

27.	 Hunter AG, Bankier A, Rogers JG, Sillence D, Scott 
CI Jr. Medical complications of achondroplasia: 
A multicentre patient review. J Med Genet 1998; 
35:705-12.

28.	 Pauli RM, Horton VK, Glinski LP, Reiser CA. Prospec-
tive assessment of risks for cervicomedullary-junc-
tion compression in infants with achondroplasia. Am 
J Hum Genet 1995; 56:732-44.

29.	 Gardner WJ, Goodall RJ. The surgical management 
of Arnold-Chiari malformation in adults. An explana-
tion of its mechanism and importance of encepha-
lography in diagnosis. J Neurosurg 1950; 7:199-206.

30.	 Bliesener JA, Schmidt LR. Normal and pathological 
growth of the foramen occipitale magnum shown in 
the plain radiography. Pediatr Radiol 1980; 10:65-9.

31.	 Boltshauser E, Schmitt B, Wichmann W, Valavanis 
A, Sailer H, Yonekawa Y. Cerebellomedullary com-
pression in recessive craniometaphyseal dysplasia. 
Neuroradiology 1996; 38: S193 - 5.

32.	 Ferrier S, Nusslé D, Friedli B, Ferrier PE. Marches-
ani’s syndrome (spherophakia- brachymorphism). 
Helv Paediatr Acta 1980; 35:185 - 98.

33.	 Knisely AS, Steigman CK. Stenosis of the foramen 
magnum and rostral spinal canal, with spinal cord 
deformity, in Jeune’s asphyxiating thoracic dystro-
phy. Pediatr Pathol 1989; 9:299 - 305.

34.	 Upmeyer S, Bothwell M, Tobias JD. Perioperative 
care of a patient with Beare- Stevenson syndrome. 
Paediatr Anaesth 2005; 15:1131- 6.

ONLINE SUBMISSION OF MANUSCRIPT
It is mandatory to submit the manuscripts at the following website of KJMS. It is 
quick, convenient, cheap, requirement of HEC and Paperless.
Website: www.kjms.com.pk
The intending writers are expected to first register themselves on the website 
and follow the instructions on the website. Author agreement can be easily 
downloaded from our website. A duly signed author agreement must accompany 
initial submission of the manuscript.


