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Introduction: The foramen magnum is a unique and complex neuroanatomical structure.
This is an important landmark of the skull base for neurosurgical procedures. The aim of this
study is to analyze the morphometry pertaining to variations of the shapes and sizes of
foramen magnum separately for males and females of Indian population along with
comparing antero-posterior and transverse diameters available in literature and to bring
out associated clinical implications.

Keywords:
Methods: Thirty-five dry skulls (13 females and 22 males) have been examined for morpho-

metric variations of foramen magnum. The surface area of foramen magnum was calculated
manually using graphical method. The importance of morphometry and clinical significance
of foramen magnum has been established by available literature.

Foramen magnum
Antero-posterior diameter
Skull base

Anatomical variations
Results: Mean antero-posterior diameter and transverse diameter of foramen magnum are

33.8 + 02.5 mm and 28.2 & 02.6 mm, respectively. The minimum, maximum and mean areas
of foramen magnum in assorted skulls are 434 mm? 902 mm? and 648.5 + 112.2 mm?,
respectively. Foramen magnum index in assorted skulls vary from 1 to 1.45.
Discussion: The dimensions of foramen magnum, separately for males and females in the
Indian population, have been analyzed for the first time. This analysis will be of paramount
importance for clinicians in surgical procedures around this region.
© 2015 Anatomical Society of India. Published by Elsevier, a division of Reed Elsevier
India, Pvt. Ltd. All rights reserved.

atlanto-occipital joint and is responsible for lateral and dextral
complex rotational movements of skull and cervical spine. It
transmits the weight of skull to cervical spine too. This

1. Introduction

The foramen magnum (FM) is mainly an oval-shaped, unique
and complex anatomical structure/opening at the skull
base surrounded by the basillar, squamous and two lateral
parts of the occipital bone.’” It is situated at the junction of
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enhances the importance of FM. Apart from this, a number of
vital neuroanatomic structures pass through the FM.»*® The
neural structures include the cerebellar tonsils, inferior
vermis, fourth ventricle, caudal aspect of the medulla, lower
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cranial nerves (9th-12th), rostral aspect of the spinal cord and
upper cervical nerves (C-1 and C-2). The 9th through 11th
cranial nerves arise as a series of rootlets along the anterior
medulla, with the spinal component of the 11th cranial nerve
arising midway between the anterior and posterior spinal
rootlets of the spinal cord. The spinal accessory rootlets
coalesce and ascend rostral to join the 9th, 10th, and the
cranial portion of the 11th nerve. Major arterial structures
located within the FM include the vertebral artery, posterior
inferior cerebellar artery, anterior and posterior spinal
arteries and the meningealbranches of the vertebral arteries.”
This further adds greater importance to the FM. Furthermore,
intradural and extradural tumours,® common congenital
anomalies, such as FM syndrome caused by atlanto-occipital
assimilation and basilar invagination,®® and cerebellar tissue
herniations, which invaginated into the FM, may lead to
neural compression and even death and are the frequently
encountered pathological conditions in this region.®*°

The studies related to morphometric analysis of antero-
posterior diameter (APD) and transverse diameter (TD) of FM
showed differences'*™* and have extremely important neu-
roanatomic implications, particularly while dealing with
congenital and acquired anomalies of cranio-vertebral junc-
tion."®'* This too necessitates the study in geographically
diversified area and review of literature.

Anomalies of FM size effects (symptoms of small FM) vary
from producing no symptoms to being associated with
weakness of all limbs and body, apneic spells, hyperreflexia,
hydrocephalus and abnormal somatosensory potentials and/
or polysomnograms.” These data may also be used as a
morphometric database for description of ‘“normal” variants
of FM morphology. Further consideration of possible factors
influencing the variability of human FM size shall be explored
in larger and geographically more diverse samples. Because
of these issues, it still remains necessary to report geograph-
ically diversified morphometric measurements of FM.
Dimensions of FM are very important not only to establish
the most suitable surgical techniques, but also to obtain
useful data for pathology associated with the multidirection-
al biomechanical movements of skull in relation to cervical
spine.'® Additionally, though a few studies have been carried
out to demarcate FM by CT’"*° for various surgical interven-
tions in this bony region yet more real, geographically
diversified dry bone/cadaveric studies are required to clarify
and establish exact anatomical definition of FM and its
anomalies by morphometric analysis. Therefore, to elucidate
the importance of anatomic variations in morphology of FM
extending geographical region and associated clinical impli-
cations, a study has been carried out in Indian dry bones
and available literature has been reviewed to bring out the
importance of FM.

2. Material and methods

The dry bone study of FM was carried out on the subjects
consisting of 13 Female and 22 Male, totalling to 35 Indian
skulls. The skulls were classified into male and female
based on standard criteria for differentiating dry skulls.
The APD and TD (Fig. 1) were measured by Vernier callipers.

Fig. 1 - Various observed parameters. APD - antero-
posterior diameter; TD - transverse diameter; FM - foramen
magnum.

The FM index (FMI) was calculated based on the formula,
FMI = APD/TD." The surface area (SA) of FM was calculated
manually using graphical method. The shapes of FM were
sketched on a paper, which was placed below transparent
centimetre/millimetre graph paper, and millimetre squares
were counted manually by two observers separately to
nullify errors in counting. Different shapes of FM were
observed. Statistical analysis was also carried out.

3. Results

Mean APD and TD are 33.8 & 02.5 and 28.2 & 02.6, respectively.
The morphometry consisting of APD, TD, Magnum Index,
Area computed by graphical method and statistical analysis of
these parameters of FM of assorted sex, male and female have
been displayed in Table 1A, 1B, and 1C, respectively.

The minimum, maximum and mean SAs in assorted skull
are 434,902 and 648.5 + 112.2, respectively. Range and mean of
SA in males are 569-902 and 701.6 & 100.7 and these values in
females are 434-687 and 558.7 + 63.4, respectively. Ranges of
FMI in assorted, male and female skulls are 1-1.45, 1-1.44 and
1.15-1.45, respectively. The most frequent FMs are oval
shaped, 30 numbers, constituting 85.7% (Fig. 3). 3FMs (8.5%)
have circular shape (Fig. 2) and the rest, 2 FMs (5.8%), are found
irregular.

Table 1A - The statistics and measurement of FM of
Indian males and females combined.

Statistics/ ~ APD (mm) TD (mm) MI  SA-G (mm?

Parameters

Range 3040 22-33 1-1.45 434-902

Mean 33.8 28.2 1.21 648.5

Standard 2.5 2.6 0.11 112.2
deviation

Mode 34 30 1 569

Median 35 28 1.21 633
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Table 1B - The statistics and measurement of FM of
Indian males.

Statistics/ M-APD M-TD M-MI M-SA_G
Parameters (mm) (mm) (mm?)
Range 30-40 25-33 1-1.44 569-902
Mean 34.5 29.4 1.18 701.6
Standard 2.6 24 0.13 100.7
deviation
Mode 34 30 1.0 569
Median 34 30 1.17 683

Table 1C - The statistics and measurement of FM of
Indian females.

Statistics/ F-APD F-TD F-MI F-SA_G
Parameters  (mm) (mm) (mm?)
Range 30-35 22-30 1.15-1.45 434-687
Mean 32.6 26.3 1.24 558.7
Standard 1.8 1.8 0.08 63.4
deviation
Mode 32 26 1.19 No mode
Median 32 26 1.23 550

Fig. 2 - Circular shape of foramen magnum.

4, Discussion

As vital, vulnerable and very complex structures pass through
FM so the varied dimensions constituting variations in shape
and size are essential to be analyzed. Variations of shape and
size resulting in small aperture of FM may compress
neurovascular structures particularly in conditions like basilar
invagination. However, the large size of FM may provide wider
space through which brainstem may protrude out. Most
important aspect of the above analysis should be the
dimensions of cross-section of neurovascular structures in
relation to the dimensions of FM. Stenosis of FM causes
brainstem compression manifested by respiratory complica-
tions, lower cranial nerve dysfunctions, upper and lower
extremity paresis, hypo- or hypertonia, hyperreflexia or
clonus.’®?° A small FM can be accompanied by short cranial
base and anterior herniation of the brain through an open
metopic suture as observed by McRae.?* Apart from this, the

sharp and/or smooth projections so formed by concavities and
convexities of varied morphological shapes of FM may also
produce compression or protrusion of neurovascular struc-
tures passing through it. Shape of FM is also important in
surgical procedures like far lateral and transcondylar ap-
proach. Achondroplasia is the most common syndrome in
which small FM occurs but other skeletal dysplasias and
disorders associated with sclerosis of the skull can also lead
to small FM. Patients with achondroplasia usually do not
experience neurologic complications until FM is 4 SDs or more
below the mean™ and 96% of achondroplastic patients with
neurologic manifestations have FM sizes more than 3 SDs
below the mean.’® Large FM has also been described in
children with Rubinstein Taybier Angelman syndrome.””?? In
case of asymmetry of FM, the children may tend to hold their
heads oblique. A keyhole-shaped FM has been described in the
hydrocephalus syndrome.>*?* Thus, the size of FM implicates
the pathology as elaborated above and dimensions of APD and
TD reveal the size of FM. Therefore, morphometry consisting of
APD and TD plays a vital role in management of neurovascular
complication and surgical procedure like far lateral and
transcondylar approach, as these approaches are being
increasingly used to access lesions ventral to the brainstem
and cervicomedullary junction. Therefore, morphological
studies carried out by various authors have been compared
in Table 2.

Here it is pertinent to mention that studies carried out by
Emel ArCI*° and Calguner?’ consist of only mean of APD and
TD. Kanodia et al.,” Sindel et al.,*? Fatma et al.’® and Sendemir
et al.”® studied only mean and standard deviation whereas
Muthukumar et al."” and Tubbs et al.?° brought forward the
range and mean of APD and TD. SA has been studied by
Kanodia et al.” and Tubbs et al.*® But the present study
generated data for APD, TD, MI and SA of FM. Only Calguner”’
has studied means of APD and TD for males and females
separately in previous studies, whereas in present study,
range, mean and standard deviations in APD, TD, MI and SA of
FMs of male and female separately and combined have been
analyzed. Though the current study represents a limited
regional study, yet it provides larger information bundle to
surgical interventions in this zone. Mean of APD in present
study is lower than observed by Sindel et al.,** Lang et al.,"®
Fatma et al.'® and Sendemir et al,’® but higher than
Tubbs et al.,?° and close to that of Kanodia et al.,” Muthukumar

Fig. 3 - Oval shape of foramen magnum.
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Table 2 - Containing comparison of range, mean and

standard deviation of APD, TD, MI and SA from various
studies.

Studies Statistics
Parameters Range Mean Standard
deviation
Muthukumar APD (mm) 27-39 333
et al. TD (mm) 23-32 279
Ml
SA (mm?)
Kanodia APD (mm) 341 0.29
et al. TD (mm) 27.5 0.25
MI
SA (mm? 747.67 108.60
Emel ArCI APD (mm) 345
TD (mm) 29
MI
SA (mm?
Sendemir APD (mm) 36.4 2.8
et al. TD (mm) 30.0 1.4
Ml
SA (mm?)
Calguner APD (mm) 36.75 M 35.90 F
TD (mm) 31.40 M 30.90 F
MI
SA (mm?)
Lang et al. APD (mm) 35.33
TD (mm) 29.67
MI
SA (mm?)
Tubbs etal.  APD (mm) 25-37 31
TD (mm) 2435 27
MI
SA (mm?  385-779 558
Fatma et al. APD (mm) 35.58 2.90
TD (mm) 29.84 4.11
MI
SA (mm?)
Sindel et al.  APD (mm) 36.3 02.7
TD (mm) 30.4 02.7
Ml
SA (mm?)
Present Study APD (mm) 3040 33.8 2.5
TD (mm) 2-33 282 26
Ml 1-145 1.21 0.11
SA (mm? 434-902 648.5 112.2

etal.” and Emel ArCL.”° Mean SA in the present study is higher
than that observed by Tubbs et al.?® but lower than that of
Kanodia et al.” The size of FM has been classified by Tubbs
et al.”’ in terms of large, medium and small SA empirically.
According to this classification, the incidence of Type-III FM is
62.86% in present study as against only 12.5% in Tubbs” study.
Lowest incidence in present study is Type-1, but in Tubbs®’
study, the least common is Type-IIIL.

Normally, it has been seen that the size/area consisting of
parameters (SA by graphical method SAG, APD and TD as
depicted in Table 1B) of male FM is larger (mean area of
aperture, 701.6 mm?, APD, 34.5mm and TD, 29.4 mm) than
that of females (mean area of aperture, 558.7 mm?, APD,

32.6 mm and TD, 26.3 depicted in Table 1C). In our study,
female FMs are only 13 (37%) whereas male FMs are 22 (63%).
Therefore, the mean is under the influence of more weightage
from males than females. Neither any morphological data of
FM separately for males and females is available nor their
weightage has been indicated. So comparison may have an
element of subjectivity.

As elaborated above, shape and size of the foramen are
critical parameters for the manifestation of clinical signs and
symptoms in cranio-cervical pathology related to narrow
and enlarged FM. According to various authors, the AP and
TDs of the FM have been found to be independent risk
factors in patients with cranio-cervical anomalies.>'%3%3! FM
in patients with Chiari I and Chiari II malformations has
been found to be larger than in the normal population.®
Another study on FM, based on semi-axial cranial X-rays,
demonstrated a significantly larger TD of the FM in 35
children with verified Chiari I malformation, as compared to
the control group.>® However, Furtado et al** found no
statistical difference in the area and linear dimensions of the
FM in children with Chiari I malformations and control
groups.®* FMs with shorter AP diameters were found to be
associated with early developments of symptoms.®”
Tubbs et al.*® hypothesized that the anatomy of the
cranio-cervical region may be different in CM 1 patients
with syringomyelia who develop syringobulbia compared to
other patients of CM 1 with and without syringomyelia. No
single morphometrical difference was found in patients with
CM 1 and syringobulbia compared to other patients with CM
1 in their series.>®

4.1. Causes of variant morphology of FM

Asymmetry of FM occurs with cranio-vertebral anomalies or
premature synostosis of one or more of the occipital
synchondrosis.” A large FM usually results from chronic
increase of intracranial pressure or from direct effects of an
expanding process within the FM (syringomyelia), Chiari
malformations.>**?0?43337.38  Qccipital, supraoccipital and
basioccipital bones are separated by two synchondroses
anteriorly and two posteriorly. These synchondroses begin
to fuse at 7 months and are completely fused by 3 to 4 years
and 7 years, respectively.” If endochondral ossification is
abnormal, suture fuses prematurely and small FM is the result.
Premature synostosis of one or two sutures may cause
asymmetry. Prognosis for small FM is variable but the most
serious outcome of brain stem compression may be sudden
death. Treatment is sub-occipital craniectomy'® or decom-
pression of FM. Prognosis of large or abnormal shaped FM is
dependent on underlying cause.

5. Conclusions

The knowledge of FM has become very important because of
increasing use of skull base microsurgical approaches like far
lateral and transcondylar for various pathologies centering
FM. Mean APD and TD are 33.8+02.5 and 28.2 +02.6,
respectively. The minimum, maximum and mean SAs in
assorted skull are 434, 902 and 648.5 + 112.2, respectively.
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FMI in assorted skulls vary from 1 to 1.45. Measurements of
these parameters differ significantly from those described in
literature. All these parameters have also been analyzed for
male and female separately in this dry bone study to
facilitate designing of sex-wise surgical procedures in this
zone. The study brings out the vital differences in these
parameters. Review of literature will update the current
knowledge of FM.

The study has been carried out on 13 female and 22 male
skulls. This is a small sample size.

Itis a dry bone study, so for its clinical significance it needs
to be supported by clinical case studies.
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