ANATOMICAL STUDY

Morphological and Morphometric Analysis of Foramen
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Objective: To investigate the detailed morphological and morpho-
metric analysis of foramen magnum (FM) in dry cranii.
Methods: One hundred fifty skulls of unidentified sex were
macroscopically examined and were photographed with Canon
400B (55mm objective). According to tooth eruption of the
skulls, they were accepted as adults. None of the examined
skulls showed signs of prior cranial surgery, malformation, or
trauma. The evaluated study parameters that were recorded with
Vernier caliper in millimeter were as follows: antero-posterior
diameter from Basion to Opisthion, transverse diameter (largest
distance between the lateral margins of the FM), and the shape of
the FM (Fig. 1). The shape of the FM was determined according to
FM index that was calculated by dividing antero-posterior diameter
by transverse diameter. When FM index was found greater than or
equal to 1.2, the foramen was accepted to be oval in shape. Whereas
the FM index was found less than 1.2, the foramen was accepted to
be round in shape The area of the FM was calculated by using 2
different formulas as described previously by Radinsky ('/4 x  x
w X h) and Teixeira (w x {(h + w)/4}2), and “w” was accepted as
3.14 in both formulas.

Results: The results of descriptive statistics and areas of the FMs
were presented in Table 1. The mean antero-posterior diameter and
transverse diameter of anteroposterior diameter by transverse
diameters were found as 34.38+2.38 and 28.9542.19,
respectively. The mean area of the FMs estimated by Teixeria
formula was determined significantly larger than the mean area of
the FMs estimated by Radinsky formula (P <0.001). According to
estimated FM index of the 150 adult dry skulls, 87 (58%) of skulls
were described as being round in shape and 63 (42%) of skulls were
described as being oval in shape (Fig. 1).

Conclusion: The surgeons must comprehend regarding the detailed
morphological and morphometric features of FM to avoid vital
complications during the surgical procedures.
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F oramen magnum (FM) that is a transition zone between the spine
and cranium also acts as an important landmark due to its
adjacent to vital structures such as the cerebrum and spinal cord.'
The lesions such as various intra- and extradural tumors, vascular
lesions of the vertebral artery, congenital lesions, and rheumatoid
disease of the craniocervical junction are frequently located in this
transition zone.”

Close proximity of FM to the inferior vermis, cerebellar tonsils,
4th ventricle, lower cranial nerves (9th—12th), caudal aspect of the
medulla oblongata, rostral aspect of the spinal cord, and the upper
cervical nerves (C1-C2) makes the surgical approaches much more
difficult to perform to this region.? The configuration and size of the
FM also play a critical role in surgical procedures. In cases such as
achondroplasia and brain herniation, the abnormal anatomical
variations in the form of FM may compress vital structures passing
through it** and may interfere with the flow of blood and cere-
brospinal fluid.®

A round shaped FM makes performing certain surgical pro-
cedures easier than an oval or rhomboid FM.”® Bone resection
performed to this region mag result in craniocervical instability as
an significant complication.

Due to the anatomical complexity in the FM region and the risk
of damaging vital structures passing through it or causing cranio-
cervical instability during the surgery, it makes the detailed mor-
phometric analysis of the FM region and occipital condyle
imperative for surgeons.'’

The lateral approach or its modifications are performed to reach
the FM ventrally or ventro-laterally.'! As these surgical procedures,
especially the lateral approach procedure, carry the risk of injury for
vital anatomical structures, expert knowledge about morphometry
and its variations of this region may alter the surgical outcomes.'>~*

It is evident that the surgeons must comprehend regarding the
region of FM to avoid vital complications during the surgical
procedures; therefore, the present study deals with the detailed
morphological and morphometric analysis of FM in dry cranii.

METHODS

The 150 adult skulls of unidentified sex were gathered from the
bone collections in Laboratory of the Anatomy Department of
Dokuz Eylul University Medical School and were macroscopically
examined. Official permission for this research was obtained from
Dokuz Eylul University Medical School. None of the examined
skulls showed signs of prior cranial surgery, malformation, or
trauma, and they were photographed with Canon 400B (55 mm
objective). The evaluated study parameters were as follows: antero-
posterior (AP) diameter from Basion to Opisthion, transverse
diameter (TD: largest distance between the lateral margins of the
FM), and the shape of the FM (Fig. 1). The shape of the FM was
determined according to FM index that was calculated by dividing
AP diameter by TD. When FM index was found greater than or
equal to 1.2, the foramen was accepted to be oval in shape. Whereas
the FM index was found less than 1.2, the foramen was accepted to
be round in shape.
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FIGURE 1. A representative image for round (A) and ovoid (B) type foramen
magnum; the red and yellow arrows indicate the antero-posterior and
transverse diameters of foramen magnums, respectively.

All of the measurements were recorded with Vernier caliper that
was accurate to millimeters (mm). The area of the FM (A) was
calculated by using 2 different formulas as described previously by
Radinsky15 (M4 x ™ x w x h) and Teixeira'® (1 x {(h + w)/4}2),
and “m” was accepted as 3.14 in both formulas.

SPSS 16.0 (SPSS Inc, Chicago, IL) was used for the descriptive
and analytic statistical analysis of the collected data.

RESULTS

The total of 150 adult dry skulls were macroscopically examined for
the FMs. The results of descriptive statistics and areas of the FMs are
presented in Table 1. The mean AP and TD of FMs were found as
34.38+2.38 and 28.95+ 2.19, respectively. The mean area of the
FMs estimated by Teixeria formula'® was determined significantly
larger than the mean area of the FMs estimated by Radinsky formula'
(P <0.001). According to estimated FM index of the 150 adult dry
skulls, 87 (58%) of skulls were described as being round in shape and
63 (42%) of skulls were described as being oval in shape (Fig. 1).

DISCUSSION

The FM that has raised precise medical concern in many fields of
medicine acts as an important landmark of the base of the skull.!”
Variations in the shape of the FM have importance with respect to
diagnostic, clinical, and radiological implications.'® In addition to
its significance for the surgery, the morphometry of FM and
occipital condyle medicolegally plays an important role in identi-
fication of unknown individuals in Forensic medicine."’
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TABLE 1. Descriptive Results of the Examined Foramen Magnums

Mean Minimum Maximum SD
AP diameter (mm) 34.38 29.00 43.60 2.38
TD (mm) 28.95 24.20 35.00 2.19
Area (R) (mm?) 783.66" 569.13 1122.61 99.34
Area (T) (mm?) 790.47* 572.27 1145.50 99.86

AP, antero-posterior; mm, millimeter; R and T, area estimated by using Radinsky
and Teixeira formulas, respectively; SD, standard deviation; TD, transverse diameter.
*P <0.05.

Gapert et al*® reported that the width of the FM was the most
reliable parameter that can be used to determine sex. Uthman et al,>’
in their study, employed helical computed tomography scanning to
measure variables of FM such as the diameter, area and circum-
ference, and they reported that the circumference and area of the FM
were the best discriminating parameters to be used for determining
sex with an overall accuracy rate of 67% and 69.3%, respectively.

Ukoha et al*? conducted a study on 100 skulls in Nigerian ethnic
group and used discriminant function analysis, a statistical method,
to predict sex and concluded that FM dimensions displayed
sexual dimorphism.

In most studies, the mean dimension of the FM was determined
as being larger in males than females;>>~2® however, Gruber et al'’
studied the diameters of the FM in Central European dry specimen
dating from Pleistocene to modern times and did not find any sex
dimorphism. In their study carried out in Turkish population, Gunay
and Altinkok®’ found that the mean area of FM was significantly
larger in males than females; besides, Uysal et al®® observed that
there was a significant sex difference in the width of FM by using
three-dimensional computed tomography.

Surgical operations performed on lesions located ventral to the
FM, lower clivus, and ventral aspect of the upper cervical spine
have inadmissibly posed serious risks (such as high rates of
morbidit;/ and mortality and incomplete removal of tumors) to
patients;” therefore, many surgical procedures have been developed
to ensure more effective and safer surgery.® The choice of appro-
priate surgical approach depends on the type and size of the lesion
along with its location, and large dimensions of FM provide a wider
field of view and reduce the amount of bony extraction.’

Even ifthe lesions located anterior to the brainstem are similar in
size, oval-shaped FM needs more extensive bone extraction than
round-shaped FM.®

The FM index is calculated by dividing the anteroposterior
diameter by transverse diameter. If the FM index is found as equal
to 1.2 or more, the FM is called oval in shape; on the contrary, it is
called round in shape.® Burdan et al*° found rate of oval-shaped FM
in 36.62% of males and 39.18% of females, and rate of round-
shaped FM in 7.05% of males and in 9.94% of females in
Eastern Europeans.

In the Indian and Turkish populations an oval-shaped FM was
observed in 46% and 58% of the skulls, respectively.7’ These were
higher than the 14.7% which was observed in Greek population by
Natsis et al.®> On the other hand, in Turkish population, Murshed
et al'® reported the rate of oval-shaped and round-shaped FM in
8.1% and 21.8% of patients, respectively, whereas, on the contrary,
in Greek population, Natsis et al® observed the rate of oval-shaped
and round—sh%ped FM in 14.7% and 1.4% of patients, respectively.

Avci et al’ reported the rate of oval-shaped and round-shaped
FM in 58% and 42% of 40 skulls (30 dry and 10 cadaveric skulls),
respectively; however, we observed the percentage of oval-shaped
and round-shaped FM 42% and 58% of 150 dry skulls, respectively.
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In 1 study conducted in Indian population by Kamath et al,*® the
mean AP was reported as being 33.21 mm in males and 30.99 mm in
females and the mean TD was reported as being 26.92 mm in males
and 25.45 mm in females. In our present study, we found that the
mean AP and TD were 34.38 and 28.95 mm, respectively.

The etiology of cerebellar tonsillar herniation has been found to
be closely associated with FM size.>!*> Murshed et al'® reported
that the maximum and minimum areas of FM were 1.266, 710,
1.006, and 677 mm? in males and females, respectively. Acer et al*>
stated that there was a positive correlation between the intracranial
volume and FM size.

In our present study, the estimation of FM areas was carried out
with 2 formulas: Radinsky'® and Teixeria.'® We found that the
mean area that was calculated with Teixeria formula'®
(790.47 mm?) was more than the mean area that was calculated
with Radinsky formula'® (783.66 mm?), as noted by Kamath et al.*°

Kanchan et al** studied 118 dry skulls in south Indian ethnic
group and su%gested that the FM areas calculated with Radinsky'?
and Teixeria ~ formulas were better predictors of sex when com-
pared with measurements of anteroposterior and transverse
diameters of FM, as noted by Kamath et al.>® Kamath et al*° also
studied predictability of sex by analyzing 3 variables in their study
and observed that the rate of sex predictability of variables in
descending order was as follows: area (70.3%), AP diameter
(69.6%), and TD (66.4%) of FM.

Therefore, we conclude that findings of the present study may
provide additional information on morphometric features of FM and
may guide investigators dealing with neurosurgery, forensic medi-
cine, radiology, anatomy, and anthropology in their practice.
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