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Abstract: Objective: The objective of this study is to conduct the morphometric analysis of the foramen magnum (FM) and overlapping
of occipital condyles on it and also determination of shape of foramen magnum. Method: 53 dried human skulls of unknown age and
sex were examined from department of Anatomy, Saveetha Dental College and Hospital. Foramen magnum were examined
macroscopically for their different shapes. Anteroposterior and transverse diameters was measured using a manual verniercalliper. Also
the presence of overlap of occipital condyles was observed. Result: The various shapes of foramen magnum observed was egg, oval,
hexagonal, pentagonal, circular. Egg shaped foramen was observed in 35.85%, oval shaped foramen in 26.42%, hexagonal shaped in
Sforamen magnum in 20.75%,circular/round shaped foramen in 13% and pentagonal shaped foramen in 3.77%. In 72% of the skull the
occipital condyles were observed to protruded into the foramen magnum. The mean antero-posterior and transeverse diameters of the
foramen magnum was recorded as 3.822cm and 3.515cm respectively. The mean area of FM was recorded as 11.025 cm2. Conclusion:
Morphometric analysis of the foramen magnum can be used as supportive findings in estimation of sex of fragmented in- complete or
damaged dry human skulls. The knowledge of dimensions of the FM also helpful in determination of malformation (Arnold Chiari
Syndrome) and in transcondylar approach to make a safe occipital condyle resection. Though the present study has a limitations as the
age and sexes of the skull were not determined, this study may provide an important reference and the measurement may be used as a
data for the description of morphological variant of FM.
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1. Introduction Distance between anatomic landmarks and the sites where a
number of vital structures have their entrance or exits are

A fundamental knowledge of the normal anatomy of the  Vvery important for clinical application. The measurements
cranial base, especially the foramen magnum and associated ~ are helpful for neurosurgeons for performing lateral
structures, is important to the clinician for accurate diagnosis transcondylar surgical approaches for reaching lesions in the
and treatment of various diseases (1). The foramen magnum middle and posterior part of cranial base(12). The
is a large opening in the occipital bone of the human skull. ~ hypoglossal canal, directed laterally and slightly forwards,
This foramen is the largest bony foramen of the skull (2). traverses deep to each condyle(13).So, most suitable surgical
The foramen magnum is found in the most inferior part of ~ techniques are to be established for a careful planning
the posterior cranial fossa (3). It is traversed by vital ~ mainly based on the foramen magnum size to refrain from
structures. It contains the lower end of the medulla any neurological injury(14).

oblongata, meninges, vertebral arteries and spinal accessory

nerve; the apical ligament of the dens and the tectorial The brainstem is vulnerable to compression at two critical
membrane pass through it to attach to the internal sites, which are determined by the neuroanatomical
basiocciput.(4) In the midline, the anterior margin is the  relationship of the meningeal tentorium and foramen
basion and the posterior margin is the opisthion. Foramen =~ magnum to the cerebral hemisphere (supratentorial) and
magnum dimensions can be used in the field of forensic ~ brain stem (infratentorial)(15).

identification and anthropology for determination of the

gender of the human skulls(5,6,7). The foramen magnum  Recent studies report that morphometry is a fast and
however, shows different morphology in each individual ~ efficient ~method for the evaluation of morphological
skull, and reportedly, it has different outlines of shapes  characteristics, such as ethnicity, gender, age, genetic
ranging from round to polygonal or even irregular(8). factors, dietary habits, and regional variations which can
Anteriorly, the margin of the foramen magnum is slightly alter the shape and size of bone structures. These aspects are
overlapped by the occipital condyles which project down to  significantly important in determining the anthropometric
articulate with the superior articular facets on the lateral ~ changes between different populations and genders(16,17).

masses of the atlas(9).
Hence, this study aims to conduct the morphometric

The occipital condyles represent the cranial portion of the analysis of the foramen magnum and overlapping of
craniocervical junction. Craniovertebral junction refers to occipital condyles on it and also determination of shape of
the occipital bone that surrounds foramen magnum and atlas foramen magnum.

and axis vertebrae(10).Anomalies of Craniovertebral

junction are of interest not only to an anatomist but also to

the clinicians because many of these deformities produce

clinical symptoms. The occipital bone is the main site of

these variations(11).
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2. Method

53 dried human skulls of unknown age and sex from
Department of Anatomy, Saveetha Dental College was
examined for the present study.

The parameters measured included the following:

1) Foramen magnum length (FML)/ Antero- posterior
diameter: Maximum straight anteroposterior diameter
from basion (median point on the anterior margin of the
foramen magnum) to opisthion (median point on the
posterior margin of the foramen magnum).

2) Foramen magnum width (FMW)/ Transverse diameter:
Maximum straight transverse diameter between two
points of the foramen magnum on most laterally placed
margins.

3) Area of foramen magnum (FMA): The area of Foramen
magnum was calculated using formula derived by
Radinsky (18). Radinsky’s(18)Formula (FMA): 1/4 X
3.14X FML X FMW
Where, FML = Foramen magnum length and FMW =
Foramen magnum width.

4) The different shapes of the foramen magnum were noted
macroscopically and classified as oval, egg, pentagonal,
hexagonal and circular.
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The anteroposterior and transverse diameters were measured
by using manual verniercalliper.

L » ¥
A) Anteroposterior
Figure 1: Showing measurements undertaken in the

foramen magnum using verniercalliper A) Anteroposterior
B) Transverse

B) Transverse

3. Result

For Shape of foramen magnum:
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Figure 2: Shows the different shapes of foramen magnum

The various shapes of foramen magnum observed was egg,
oval, hexagonal, pentagonal, circular. Egg shaped foramen
was observed in 35.85%, oval shaped foramen in 26.42%,
hexagonal shaped in foramen magnum in
20.75%,circular/round shaped foramen in 13% and
pentagonal shaped foramen in 3.77%. The different shapes
of foramen magnum observed is shown in figure2 .Figure 3
shows the percentage of occurrence of different shapes of

foramen magnum.
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Figure 3: Shows the percentage of occurrence of different
shapes magnum in 53 dry skulls.

For Measurements Undertaken in the foramen magnum:

The mean anteroposterior and transverse diameters of the
foramen magnum was recorded as 3.822cm and 3.515cm
respectively(table 1). The mean area of FM was recorded as
11.025 cm2(tablel).

Table 1: Show mean, range measurements of length, width
and area of foramen magnum

For Overlapping of occipital condyles:

LENGTHI{in cm) | WIDTH{in cm) | AREA{in cm2)
MEAN 3.8 35 11.02
MAXIMUM | 5.3 5.2 21.21
MIMIMUM | 2.3 2.0 3.61

In 72% of the skull the occipital condyles were observed to
protruded into the foramen magnum(Figure4).Figure Sshows
A) No overlapping of occipital condyles and B) Overlapping

of occipital condyles respectively.
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& % of overlapp of oocipital condyles
= % af no averlapp of occipital condiyle
Figure 4: Shows the percentage of overlapping of occipital
condyles on foramen magnum in the dry skulls.

Figure 5: Shows A) No overlapping of occipital condyles
and B) Overlapping of occipital condyles respectively.

4. Discussion

The irregular shape of the foramen is seen with the
developmental anomalies of the bones and the soft tissues at
the craniovertebral junction (19).The shape and
morphological variations of foramen magnum are important
in neurological interpretation.(20). In table 2 the percentage

of different shapes of foramen magnum observed by authors
in their study and the percentage observed in the present
study is compared. Zaidi et al (21) observed the oval shape
in 64% and Sindel et al (22) observed the oval shape in
18.9% of the skulls.

In 72% of the cases the occipital condyle were protruded in
to the foramen magnum. This type of morphology can lead
to compression of the vital structures passing through the
FM.(20)

It is of keen interest to study the morphometry of the FM,
from a descriptive and topographical point of view (23).In
this study the results were 5.3cm and 5.2cm as maximum
anteroposterior and transeverse diameters respectively. The
minimum values of anteropostior and transverse diameters
are 2.3 cm and 2 cmrespectively. The mean area of the FM
was 11.02cm2 in our study which was more than the
observations made by Teixeria WR (24) which was
963.73mm?2.

The anatomic diameter have been reported to be about
3.82cm for the A-P diameter and 3.51cm for the transeverse
diameter. In table 3 the comparison of anteroposterior and
transverse diameter of the present study with the study done
by other authors is show. These values are similar to F.
Burdan(25) and Shikha Sharma(20) for anteroposterior and
for transverse diameter it was similar to Shikha Sharma(20)
(table3). Uthman et al (26) reported that the foramen
magnum area is the best discriminant that could be used to
study sexual diamorphism.

The data obtained from the present study was compared with
the data reported by other authors. After the comparision, we
observed that our findings are almost similar to that of
Burdan et al (25).

ZAIDI et al. | MURSHED &t al. SHIEHA et al. PRESENT STUDY
Morphological variants | Percentage | Percentage Percentage Percentage
| of Foramen magnum | |
OVAL 64% B.1% 16% 26%
| HEXAGON | 24.5% | 17.2% B% | 21%
CIRCULAR/ROUND 0.5% 21.8% 22% 13%
| PENTAGON | 7.5% B% | 4%
EGG 16% 36%

Table 2 : Shows the comparison of percentage of different shapes of foramen magnum observed by
authors in their study 1o the percentage observed in the present study,

And on comparing the area of FM, was found almost similar
to Shikha Sharma (20) which was 970.57mm2 observed by
Shikha et al and in the present study it was 11.025cm2.
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Table 3: Show the comparison of anteroposterior and transverse diameter of the present study with the study of other authors

AUTHORS

Schmeltzer et al 1971 | 35mm
Catalina-Herrera 1987 | 35.2mm
Wanebo and Chicine 2001 | 36+-2mm
Murshed et al 2003 (25) . 35.9+-3.3mm
Tubs et al 2010 [ 31mm
Burdan et al 2012 (27) . 37.06mm
Shikha et al 2015 | 38.76mm
Present study 2016 | 3.82¢cm

5. Conclusion

The mean anteroposterior diameter of FM was 3.82cm and
the mean transeverse diameter was 3.51cm. These parameter
should be taken during craniovrtebral and cervical spine
surgical procedures. (20)Morphometric analysis of the
foramen magnum can be used as supportive findings in
estimation of sex of fragmented in- complete or damaged
dry human skulls. The knowledge of dimensions of the FM
also helpful in determination of malformation (Arnold
Chiari Syndrome) and in transcondylar approach to make a
safe occipital condyle resection(20). Though the present
study has a limitations as the age and sexes of the skull were
not determined, this study may provide an important
reference and the measurement may be used as a data for the
description of morphological variant of FM. The FM is
taken as the anatomical landmark in transcondylar approach
for a safe occipital condyle resection (27). The present study
illustrates the morphometric data and the variations in the
morphology of the FM with emphasis on their clinical
implications.(20) This study is also helpful in medicolegal
cases for the identification of unknown individuals.(20)
With the advancement of the CT and MRI scans as
investigation the anatomy of the FM becomes interesting In
the field of medicine (20).
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