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Abstract
Background: The foramen magnum (FM) is an important landmark because of its close
relationship to key structures such as the brainstem and spinal cord, an extension of the
medulla oblongata. Because of the similarity in their shape, the existence of a
relationship between cranial length and anteroposterior diameter of the FM, and
between cranial width and transverse diameter of the FM may reveal the magnificent
harmony of the skull and FM. Based on this idea, we investigated the existence of this
harmony in skulls that we used in our study.
Materials and methods: In this study, 60 adult dry skulls belonging to the Turkish
population were examined. The anteroposterior and transverse diameters of the foramen
magnum and the length and width of the skull were measured. Measurements were
made directly on the skull using a digital sliding caliper. New indices and ratios were
applied with those measurements.
Results: Our study suggests that FM width and FM length could be estimated by using
the cranial length and cranial width measurements in the skull by accepting the mean of
these coefficients (4.62) as the golden ratio. The average of the coefficients of cranial
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width to FM width ratio [4.62 ± 0.35 (95% CI: 4.52-4.70)] and the average of the
coefficients of cranial length to the FM length ratio [4.62 ± 0.50 (95% CI): 4.49-4.76)]
were found to be equal to each other. In order to check the accuracy of this hypothesis,
FM width and FM lengths were estimated with the help of new equations.
Conclusions: In the present study, the ratio between the anteroposterior and transverse
diameters of both FM and the cranium was estimated at 4.62, indicating a magnificent
harmony between cranial and subcranial structures. With this ratio, it is easy to estimate
FM's size based on simple cranial measurements.
Key words: anthropometry, foramen magnum, occipital bone, skull base

INTRODUCTION
The human occipital bone, like that of most other mammals, is ontogenetically
and functionally unique when compared to other bones of the cranium. It is one of the
first bones of the skull to develop and consists anatomically of four parts surrounding
the foramen magnum (FM): the basilar, squamous, and two condylar parts [3]. The
foramen magnum (FM) is an important landmark because of its close relationship to key
structures such as the brainstem and spinal cord, an extension of the medulla oblongata.
The FM also transmits the vertebral and spinal arteries, tectorial membranes, and alar
ligaments. Thus, the FM is of particular interest to clinicians, like radiologists,
neurosurgeons, or skull-base surgeons [5, 10]. The anterior border of the FM is formed
by the basilar process of the occipital bone, the lateral borders by the left and right exoccipitals, and the posterior border is formed by the supra-occipital part of the occipital
bone [7].
Anatomical knowledge of FM is important for understanding several pathologic
conditions as well as for planning surgical procedures [13]. For instance, the length and
breadth of the FM is clinically relevant in patients with achondroplasia; the
cervicomedullary junction may be compressed as a result of marked FM stenosis,
resulting in neurologic manifestations [21]. In addition, the knowledge of the
dimensions and shape of the FM has important clinical implications in the prognosis
and treatment of various neurological pathologies like Arnold Chiari syndrome, and
2

posterior cranial fossa lesions [23, 26]. As in FM meningioma resection, in
transcondylar surgical approach to FM, anatomical features of the FM and variations in
condylar resections to expose FM have been taken into consideration in various studies
[8, 24]. Wanebo et al. stated that longer FM anteroposterior diameters permitted greater
contralateral surgical exposure for condylar resection [27]. Thus, understanding of the
anatomical features, dimensions, shape types, variations and morphometry of the FM is
essential for accurate diagnosis and treatment of these pathologies.
Also variations of the shape of FM have got diagnostic, clinical and radiological
importance. The morphological variants of the shapes of FM: round, shape, egg,
tetragonal, oval, irregular, hexagonal and pentagonal shapes [5, 9].
Additionally, many authors have reported the usefulness of the FM in gender
determination [6, 11, 16, 18]. In 1982, Texeira revealed the basic osteometric data of the
two main diameters of the human FM regarding gender, age, height, ethnic origin and
secular disposition [25].
Despite its particular clinical importance, only a few anatomical reports on FM
are available in the literature. These reports are generally on measurement of the current
size of FM [10, 21, 23], determination of its shape [5, 23], gender differences [7, 11,
25], ethnic differences [6, 18], dimensions in other mammals [14] and relationship to
the intra-cranial volume [1].
However, the relationship between the FM and cranial dimensions were not fully
analyzed so far. The similarity in shape between the skull and FM may suggest a
relationship between cranial length and anteroposterior diameter of FM and between
cranial width and transverse diameter of FM. Those relations may reveal the
magnificent harmony of the skull and FM. Based on this idea, we investigated this
harmony's existence in 60 skulls that we used in our study. In other words, our study
aims to investigate the possible relationship between cranial length and the
anteroposterior diameter of the FM (in the sagittal plane) and between the cranial width
and the transverse diameter of the FM (in the coronal plane).

MATERIALS AND METHODS
In the present study, 60 dry skulls of human adults from the Turkish population
were examined. The exact age and sex of the skulls have not been determined. The
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different shapes of the FM were macroscopically noted and classified as two semicircle,
oval, round, egg, tetragonal, pentagonal, hexagonal and irregular shapes. The shapes
were determined after the discussion with team of three members in order to avoid
observational bias. The number and incidence of each type in the studied skull was
registered and tabulated. The anteroposterior and transverse diameters of the FM were
measured using digital sliding calipers (Mitutoyo) with 0.1 mm precision. The
anteroposterior diameter was measured from the end of the anterior border (basion) to
the end of the posterior border (opisthion). The transverse diameter was measured from
the point of maximum concave on the right edge to the maximum concave on the left
edge (Fig. 1-A).
The length of the skull was assumed as the distance between the glabella (g) and
opisthocranion (g-op). The skull width was measured between the 2 most remote points
(eurion-eurion) located on the right and the left side of the skull (eu-eu) (Fig. 1-B).
In the present study, new indices were determined from measurements of the FM
and skull. Measurements in the coronal and sagittal planes were used to determine these
indices. While the measurements in the coronal plane were used to calculate the FM
Width-Cranial Width (FMW-CW) index, the measurements in the sagittal plane were
used to calculate the FM Length-Cranial Length (FML-CL) index.
𝑭𝑴𝑾 − 𝑪𝑾 𝒊𝒏𝒅𝒆𝒙 =

𝑭𝑴𝑳 − 𝑪𝑳 𝒊𝒏𝒅𝒆𝒙 =

𝑭𝑴𝑾
𝑪𝑾

𝑭𝑴𝑳
𝑪𝑳

∗ 𝟏𝟎𝟎

∗ 𝟏𝟎𝟎

(Equation-1)

(Equation-2)

When calculating the cranial index (cranial width/cranial length*100) and FM
index (FM Width/FM length*100), the ratio of width measurements to length
measurements is always taken. From this point of view, it was thought that the ratio of
equation-1 (width index) and equation-2 (length index) to each other might be an
indicator of the magnificent harmony in the skull.
Statistical analysis of the study data was performed using SPSS version 21.0
software for Windows (IBM SPSS Statistics for Windows, Version 21.0. Armonk, NY:
IBM Corp., USA). Normality assumption was tested using Kolmogorov- Smirnov and
Shapiro-Wilk tests. The assumption of homogeneity of variances was tested with the
Levene’s test. Data was expressed as mean∓standart deviation (SD) and number (n).
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Independent-t test was used to the comparison of the groups in the study. In all
statistical tests, P value <0.05 was considered to indicate accepted to be statistically
significant.

RESULTS
When we compared the width index (equation-1) and the length index (equation2), those two indices, surprisingly, were approximately equal (1.01).
Within the scope of this equation, as a result of the measurements we made from
60 human skulls, the average of the coefficients of cranial width to FM width ratio [4.62
± 0.35 (95% CI: 4.52-4.70)] and the average of the coefficients of cranial length to FM
length ratio [4.62 ± 0.50 (95% CI): 4.49-4.76)] were found to be equal to each other.
The relationship between these coefficients calculated in 60 skulls was found to be
statistically insignificant (P> 0.05) (Table 1).
In our study, it was suggested that FM width (28.14±1.77 mm) and FM length
(35.81±7.56 mm) can be estimated by using the cranial length (162.45±6.20 mm) and
cranial width (129.45±4.99 mm) measurements in the skull by accepting the mean of
these coefficients (4.62) as the golden ratio. In order to check the accuracy of this
hypothesis, FM width and FM lengths were estimated with the help of Equation 3 and
Equation 4.
𝑭𝑴 𝑾𝒊𝒅𝒕𝒉 =

𝑪𝒓𝒂𝒏𝒊𝒂𝒍 𝑾𝒊𝒅𝒕𝒉

𝑭𝑴 𝑳𝒆𝒏𝒈𝒕𝒉 =

𝟒.𝟔𝟐
𝑪𝒓𝒂𝒏𝒊𝒂𝒍 𝑳𝒆𝒏𝒈𝒕𝒉
𝟒.𝟔𝟐

(Equation- 3)
(Equation- 4)

There was no statistically significant difference between the measured (observed
values) FM width and estimated FM width (P> 0.05). Similarly, there was no
statistically significant difference between the measured (observed values) FM length
and estimated FM length values (P> 0.05) (Table 1).
Eight different shapes were observed for the FM. Type, quantity, and frequency
of these are shown in Fig. 2 and Table 2. None of the skulls, the occipital condyle was
not observed to protrude into the FM in our study.
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DISCUSSION
The foramen magnum is an important cranial structure with far-reaching
implications for various fields of study. Most of the morphometric studies of the FM
took into account the transverse and sagittal diameters as well as the area occupied by
the foramen edge. Similarly, regarding the morphology of FM, the FM index (aspect
ratio between sagittal and transverse diameters) has been largely the only measurable
parameter used to evaluate the shape of the FM. This study is unique in that the FM
index and dimensions are predicted from basic cranial index and measurements.
Rooppakhun et al. [20], in their study on computed tomography images of 91
Thai skulls, they found the mean value of the cranial length of male skulls as 173.09 ±
4.74 mm, and the average value of FM length of the same skulls as 36.78 ± 2.14 mm.
The ratio between these two lengths is 4.70 and it is seen that it is within the confidence
interval specified in our study. In the same study, cranial width and FM width were
found to be 144.13 ± 5.45 mm and 30.71 ± 2.05 mm, respectively. The ratio between
the widths is 4.69 and it is seen that it is within the confidence interval in our study. In
females, they reported the mean values of cranial and FM lengths as 165.15 ± 6.61 mm
and 34.29 ± 2.35 mm, respectively. In addition, Rooppakhun et al. [20] reported the
mean values of cranial width and FM width of female skulls as 140.83 ± 5.40mm and
28.90 ± 1.89mm, respectively. In females, the ratio between both cranial and FM
lengths (4.81) and the ratio between cranial and FM widths (4.87) is very close to this
range, although not within the confidence interval in our study. And according to the
results of Rooppakhun et al. [20], the ratio of equation-1 (width index) and equation-2
(length index) to each other is approximately equal in both male and female (Equation-1
/ Equation-2 = 1.00 for male, 0.99 for female) (Table 3). In this respect, our work is
fully compatible with the study of Rooppakhun et al [20].
The study of Burdan et al. [4] on CT images of 313 Caucasian individuals,
reported the cranial length and width values of male as 181.22 ± 7.53mm and 149.33 ±
6.57mm, respectively, and 172.59 ± 8.79mm and 144.22 ± 7.61mm for female,
respectively. In the same study, the length and width values of FM were reported as
37.06 ± 3.07mm and 32.98 ± 2.78mm in male, 35.47 ± 2.60mm and 30.95 ± 2.71mm in
female respectively. According to these results, it was determined that the ratio of
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cranial width to FM width in both male and female was within the confidence interval
in our study (Male: 4.53, Female: 4.65). The ratio of cranial length to FM length was
found very close to the confidence interval in both genders (Male: 4.89, Female: 4.86).
To the results of Burdan et al. [4], the ratio of equation-1 (width index) and equation-2
(length index) to each other was slightly lower in females, but the result obtained in
males was consistent with our study. Our results were consistent with the results of the
male, while a little deviation in female. (Equation-1 / Equation-2 = 1.03 for male, 0.93
for female) (Table 3).
Mahakkanukrauh et al. [17], in their study on 200 Thai dried skulls (100 male,
100 female), reported cranial length and width values as 164.02 ± 6.76mm, 138.68 ±
5.33mm in females and 172.64 ± 6.23mm, 144.44 ± 5.69mm in males, respectively.
Mahakkanukrauh et al. [17] reported the average length and width values of FM as
33.44 ± 2.03mm and 28.89 ± 1.84mm in females, 35.72 ± 2.41mm and 30.63 ± 1.81mm
in males respectively. According to these reported measurements, it was determined that
the ratio of cranial width to FM width in males was within the confidence interval in our
study and very close to the confidence interval in females (Male: 4.72, Female: 4.80).
The ratio of cranial length to FM length was very close to the confidence interval in
both genders (Male: 4.83, Female: 4.90). And according to the results of
Mahakkanukrauh et al. [17], the ratio of equation-1 (width index) and equation-2
(length index) to each other were equal in both male and female (Equation-1 / Equation2 = 1.02 for male, 1,02 for female) (Table 3). In this respect, our work is fully
compatible with the study of Mahakkanukrauh et al [17].
The proportions obtained from the reported width values in the study of
Ramamoorthy et al. [19] on 70 Indian adult skulls were lower than the current study and
literature for both genders. Ramamoorthy et al. [19] reported cranial length and width
values as 170.5 ± 6.84mm, 128 ± 6.15mm in females and 178.3 ± 8.13mm, 133 ±
6.22mm in males, respectively. They reported the average length and width values of
FM as 36.5 ± 2.43mm and 30.7 ± 3.00mm in females, 36.6 ± 3.16mm and 31.3 ±
3.16mm in males respectively. According to these results, it was determined that the
ratio of cranial width to FM width was found close to the confidence interval in both
genders (Male: 4.25, Female: 4.17). The ratio of cranial length to FM length was found
within the confidence interval in females and very close confidence interval in males
7

(Male: 4.87, Female: 4.67). To the results of Ramamoorthy et al. [19], the ratio of
equation-1 (width index) and equation-2 (length index) to each other was slightly lower
in both genders (Equation-1 / Equation-2 = 0.87 for male, 0.89 for female) (Table 3).
Some studies have focused on exploring external factors while FM takes its final
form (the effect of sleeping position on the final form of FM in children under 5 years
of age) [28]. Also some studies have evaluated the protrusion of occipital condyle and
variations of the surrounding structures of the FM. Avcı et al. has been reported that the
occipital condyle protruded into the FM in 57% of the skulls examined [2].
Several researches have been made on the shape of the FM on the
craniovertebral intersection. The most frequently observed FM type was reported as
oval shaped by Singh et al. (33.3%) [23], Avcı et al. (58%) [2] and Henríquez-Pino et
al. (87.3%) [12], as round shaped by Chethan et al. (22.6%) [5] and Sharma et al. (22%)
[22], as tetragonal shaped by Govsa et al. (25.66%) [9]. In the present study, oval shape
was most common shape of the FM (20%) (Fig. 2) (Table 4).

CONCLUSIONS
In the present study, the ratio between the anteroposterior and transverse
diameters of both FM and the cranium is 4.62, indicating a magnificent harmony
between cranial and subcranial structures. With this ratio, it is very easy to estimate the
size of FM from basic cranial measurements.
Our research was conducted on 60 skulls; thus, it should be treated as a pilot
study. We investigated the relationship between head length and width values and FM
dimensions. We found that some data in the literature support this hypothesis. Besides,
we calculated the rates we determined using the average values of the studies in the
literature. However, similar studies should be carried out on material from various
populations. Therefore, at last, we suggest that the FM's anatomic and morphometric
evaluation showed a significant difference between various parameters, so further
comparative studies were required. Repeated anatomical observations deepen existing
knowledge, help overcome the subjective aspect in the description made by individual
researchers, and can be useful for practitioners [29].
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Table 1. Descriptive statistics of variables and group comparisons
Mean±SD
Cranial Width
Cranial Length
Cranial Width/FM Width

129.45±4.99
162.45±6.20
4.62±0.35

95% Confidence interval
(Lower-Upper)
117.0-138.0
151.0-178.5
4.52-4.70

P
value
0.889
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Cranial Length/FM Length
FM width (Observed
values)
FM width (Prediction
values)
FM length (Observed
values)
FM length (Prediction
values)

4.62±0.50
28.14±1.77

4.49-4.76
27.68-28.60

28.01±1.07

27.74-28.29

35.81±7.56

33.85-37.76

35.16±1.34

34.81-35.50

0.640

0.513

Table 2. Frequency of Different Shapes of FM (n = 60)
Different shapes
of FM
Oval
Two semicircle
Tetragonal
Pentagonal
Hexagonal
Round
Irregular
Egg
Total

Number

Frequency (%)

12
10
6
5
5
4
10
8
60

20
16.67
10
8.33
8.33
6.67
16.67
13.33
100

Table 3. Comparison of observed and predicted values with the literature
Studies

Gend
er

N

Equation
1/Equatio
n-2

Equation-3
(FMW)

Equation-4
(FML)

Rooppakhun
et al. (Thai
Skulls)
Burdan et al.
(Caucasian
Skulls)

M
F

56
35

1.00
0.99

Predicti
on
Values
(mm)
31.20
30.48

M

1.03

32.32

32.98

39.23

37.06

0.93

31.22

30.95

37.36

35.47

Mahakkanukr
auh et al.
(Thai Skulls)

M

14
2
17
1
10
0
10
0

1.02

31.26

30.63

37.37

35.72

1.02

30.02

28.89

35.50

33.44

F

F

Observ
ed
Values
(mm)
30.71
28.90

Predicti
on
Values
(mm)
37.47
35.75

Observ
ed
Values
(mm)
36.78
34.29
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Ramamoorthy
M
43
0.87
28.79
31.3
et al. (Indian
F
27
0.89
27.71
30.7
Skulls)
Present study
60
1.01
28.01
28.14
(Turkish
Skulls)
FMW: Foramen Magnum Width, FML: Foramen Magnum Length

38.59
36.90

36.6
36.5

35.16

35.81

Table 4. Comparison of Different Shapes of FM with the Previous Reports
Different
Singh et al.
shapes of FM
% (n)
Oval
Two
semicircle
Tetragonal
Pentagonal
Hexagonal
Round
Pear
Irregular
Egg
Total

Chethan et
al. % (n)

Govsa et
al. % (n)

Sharma et
al. % (n)

33.3 (40)
-

15.1 (8)
-

7.93 (30)
23.28 (88)

16 (8)
-

Current
Study %
(n)
20 (12)
16.67 (10)

16.6 (20)
13.3 (16)
16.6 (20)
13.3 (16)
6.6 (8)
100 (120)

18.9 (10)
3.8 (2)
5.61 (3)
22.6 (12)
15.1 (8)
18.9 (10)
100 (53)

25.66 (97)
4.23 (16)
16.67 (63)
3.97 (15)
4.50 (17)
13.75 (52)
100 (352)

12 (6)
8 (4)
8 (4)
22 (11)
18 (9)
16 (8)
100 (50)

10 (6)
8.33 (5)
8.33 (5)
6.67 (4)
16.67 (10)
13.33 (8)
100 (60)
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Figure 1. Antero-posterior (AP) and transverse diamaters of FM and skull
measurements.

Figure 2. Different shape types of the FM; A. Oval; B. The hole formed by the
combination of two semicircles; C. Tetragonal; D. Pentagonal; E. Hexagonal; F.
Round; G. Irregular; H. Egg-shaped.
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