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ABSTRACT

Introduction: The shape of the Foramen Magnum (FM)
is variable and the incidence of the variants in shape
vary in different ethnic groups. Such morphological and
morphometic measurements of the FM are of forensic and
anthropological importance.

Aim: The present study was aimed at documenting
frequency of the various shapes of FM, and to calculate
the FM Index (FMI) and the surface area of FM using the
sagittal and transverse diameters of FM, in male and
female skulls of South Indian origin and finally to look for
correlation between the cephalic index, the FMI and its
surface area.

Materials and Methods: One hundred skulls (81 male
and 19 female) of South Indian origin were studied for the
variation in shape of the FM. In all the skulls cephalic index,
surface area of FM and FMI was calculated.

INTRODUCTION

Identification of sex and ethnic origin of an individual using
the skelet al remains is one of the challenging tasks for the
forensic and anthropological experts, especially in cases
when only fragments of the bones or the skull are available
for examination. Under such circumstances morphometric
data of various skelet al elements may serve as indicators
for determination of sex and ethnic origin of fragments of
the skelet al remains. Fragmented crania are usually found in
explosive accident [1-3].

The FM is the largest aperture in the base of the skull is
described in the standard text books as an oval opening in the
occipital bone with an anteroposterior diameter of 3.5 cm and
atransverse diameter of 3.0 cm [4]. However, variant shapes of
FM namely oval, egg (differs from the oval by having one pole
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Results: An irregularly shaped FM was found to be
of maximum in occurrence (32%). The mean sagittal
diameters in males and females were 37+0.3 mm and
35+0.23 mm respectively. The mean transverse diameters
in males and females were 33+0.35 mm and 32+0.43 mm
respectively. The mean surface area ranged from 788-
1113 mm?2. The mean FMI of male and female skull was
1.13+0.11 and 1.09+0.15 respectively. The cephalic index
did not show any significant correlation with the surface
area of the FM and the FMI.

Conclusion: The FM, plays an important role as alandmark
because of its close relationship to key structures such as
the brain stem and the spinal cord. FM The sagittal and
transverse diameters have been reported to be larger
in male skulls than in female Size of the FM cannot be a
completely reliable indicator of sex; however, it can be
used as a supplement for preliminary identification

wider and the other pointed), round, tetragonal, pentagonal,
hexagonal and irregular shapes were first reported in Indian
skulls by Zaidi SH et al., [5]. Attempts have been made to
predict sex and cranial volume using FM area in the previous
studies.

Although, the occurrence of variant shapes of FM in Indian
skulls has been documented in the previous study [5] variability
of the surface area with respect to the different shapes of the
FM and FMI were not studied in detail. Such a morphological
data, of the shape, size and area of the FM may be of use in
the identification of ethnic group and sex of the individual from
a fragmented piece of skull with the FM intact. The present
study was carried out to examine if there is a correlation
between sex and morphometry of the FM.
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MATERIALS AND METHODS

The present study was an observational study carried out over
a period of one year between 2014-2015, at the Department
of Anatomy, JIPMER Puducherry, India. One hundred skulls of
known sex (81 male and 19 female) from a collection available in
the department were considered for the study. The skulls belong
to adult males and females of South Indian origin between the
age group of 60-90 years. Skulls damaged in the region of the
base and vaults were excluded from the study.

Calculation of cranial indices (Cl): In all the skulls, the following
measurements were taken using a spreading calliper.

1. Maximum head length (L)-measured from glabella to inion
with callipers.

2. Maximum head breadth (B)-measured between the two
pariet al eminences with the callipers. Each measurement
was recorded three times and the mean was considered for
computation.

The cephalic index was computed by the formula: Cranial
Breadth X 100 /Cranial Length [4].

The head shapes were classified according to cephalic indices
as dolichocephalic (Cl upto 74.9), mesocephalic (Cl- 75-79.9)
and brachycephalic (CI-80-84.9).

Calculation of the surface area of the FM and FMI: The
norma basalis view of all the skulls was photographed with a
milimetre scale at a specific height with eight pixel digital Nikon
camera The images of the FM captured in the digital camera
were analysed using acomputer program (which provided a user
interface which allowed manual, interactive marking of selected
area on the image) for making the measurement of images. The
image analysis was done using a Java program in which the
maximum anteroposterior (sagittal) and transverse diameters
of FM were measured in pixels. The scale in photograph
denoted the number of centimetres (to the nearest mm) each
pixel corresponds and the corresponding conversions were
done. The anteroposterior diameter of the FM is the distance
between basion to the opisthion and the transverse diameter of
the FM is the distance between its lateral margins at the point
of greatest lateral curvature [Table/Fig-1].

The surface area of the FM was calculated by the formula [6] :
YamWxh

Where; W = maximum width and h = maximum anteroposterior
diameter.

The FMI was calculated by the formula: Anteroposterior
diameter/Transverse diameter

The correlation between cephalic index and surface area of
FM/FMI was analysed using Pearson’s correlation.

RESULTS

In the present study all the skulls examined were
dolicocephalic irrespective of sex with cephalic index
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of female skull slightly higher than that of the male skull.
Among the various shapes observed the irregular shaped
FM was found to be the highest in occurrence (32%),
[Table/Fig-2,3]. The mean cephalic index of male and
female skull was found to be 71.65+4.23 and 72.68+4.3
respectively. The incidence of various shapes of FM and
their dimensions in male and female skulls are shown in
[Table/Fig-3]. The mean sagittal diameter of the FM in
males and females were 37+0.3 mm and 35+0.23 mm
respectively. The mean transverse diameter of the FM in
males and females were 33+0.35 mm and 32+0.43 mm
respectively. The mean surface area ranged from 788-1113
mm?2.The FMI and cephalic index of male and female skull
are shown in the [Table/Fig-3].The mean FMI of male and
female skull was 1.13+0.11 and 1.09+0.15 respectively. No
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[Table/Fig-1]: lllustrates the method of measuring the foramen
magnum by JAVA programme.

[Table/Fig-2 (a-g)]: Shows the different shapes of the foramen
magnum observed in the present study: a) Hexagonal; b) Oval; c)
Egg shaped; d) Round; e) Pentagon; f) Tetragonal; g) Irregular.
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study.

significant correlation between cephalic index and FMI was
found among the male skulls (p<.05). But in female skulls
there was a weak positive correlation (p<0.10).

DISCUSSION

The FM, is a transition zone between spine and skull and
plays an important role as a landmark because of its close
relationship to key structures such as the brain stem and the
spinal cord. There are number of studies focussing on the
various aspects of the FM viz., simple morphometric analysis
of FM dimensions [6], FM size as a part of human occipital
bone biometry [7], its size relation to sex [8,9], the use of the
FM as an identification mark for fire victims [10], the inter and
intra variability of the FM position in different species [11], FM
carotid foramina relationship as a probable species diagnostic
mark [11], its relationship to the intra cranial volume [12], its
relationship to stature [11], and the FM region in relation to

Shape/Sex (n) CI* Length (cm) Breadth (cm) Surface Area (cm?) Foramen Magnum Index*
Irregular Male (28) 70.91+3.58 3.63+0.46 3.22+0.5 9.2+2.45 1.13+0.13
Female (4) 73.45+4.37 3.64+0.32 3.23+ 0.52 9.01+1.94 1.14+0.14
Round Male (10) 72.22+5.11 3.51+0.46 3.07+0.34 8.36+1.66 1.14+0.12
Female (5) 71.9+4.07 3.3+0.31 3.1+ 0.21 7.88+0.88 1.06+0.11
Tetragonal Male (11) 72.88+4.15 3.89+0.39 3.45+ 0.35 10.42+1.95 1.13+0.09
Female (0) - - - - -
Egg Male (7) 74.81+£1.4 3.73+0.46 3.33x0.4 9.57+1.99 1.13+0.15
Female (5) 72+3.76 3.64+0.25 3.44+0.4 9.84+1.71 1.06+0.1
Hexagonal Male (16) 69.98+4.4 3.77+0.3 3.35+0.35 9.78+1.67 1.13+0.09
Female (5) 73.16+5.67 3.56+0.05 3.23+0.61 8.7+1.65 1.11+£0.24
Pentagon Male (3) 72.33+7.61 3.84+0.32 3.01+0.38 8.89+1.78 1.27+£0.13
Female (0) - - - - -
Oval Male (6) 72.41+4.66 3.59+0.31 3.94+0.15 11.13+£0.79 1.06+0.07
Female (0) - - - - -
[Table/Fig-3]: Foramen magnum index, Cephalic index and dimensions of different shapes of the foramen magnum of skulls in the present

surgical approaches [13]. In the present study all the skulls
examined were dolicocephalic irrespective of sex with
cephalic index of female skull slightly higher than that of the
male skull.

Shape of the FM: Studies available in the literature [5] have
reported variations in the shape of FM namely, oval, round,
tetragonal, irregular, hexagonal, egg and pentagonal [Table/
Fig-2]. [Table/Fig-4,5] shows the comparative incidence of the
shape of the FM reported in the literature. In the present study
the incidence of irregularly shaped FM was found to be highest
(82%). All the variant shapes were found only among the male
skulls and among the female skulls the oval, tetragonal and
pentagonal shapes were not observed in the present study.
Quite a few Indian studies have reported the variations of the
shape of the FM [Table/Fig-4]. Zaidi SH et al., have reported
the oval shape as the highest incidence (64 %) [5] whereas, the
study by Chethan P et al., have reported round shape as the
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Ethnic Group/Material Examined Sample Size Percentage of Incidence of Different Shapes (%)
Oval Egg Round | Tetragonal | Pentagonal | Hexagonal | Irregular
Crider SM (2010)/Mixed population sample USA/465 10.5 18.5 6.5 46.2 arrow - 18.3 -
skulls [14] head diamond
Govsa F et al., (2011)/Turkey/30 skulls;10 cadaver head | 7.93-58 6.3- 3.97- | 12.7-49.42 | 4.21-13.6 5.26-17.2 4.50-
[15] 13.75 21.8 19.99
Espinoza EG et al., (2011)/Chilean/100 Brain scans [16] 45 17 11 3 7 17 8
Avci E et al, (2011)/Turkey/352 adult occipital bones [17] | 7.93-58 | 6.3- 3.97- | 12.7-49.42 | 4.21-13.6 5.26-17.2 4.50-
13.75 21.8 19.99
Khudaverdyan AH (2011)/42 crania/Armenia [18] 30.43 21.74 13.04 34.78 - - -
Loyal P et al., (2013) /Kenya /202 skulls [19] 13 - 24 - - 63
(polygonal)

Kumar A et al., (2015)/USA/36 skulls [20] 50 - 20 6 - 8 16
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Author/Year/Ethnic group/Sample Size Percentage of Incidence of Different Shapes (%)
Oval | Egg | Round | Tetragonal | Pentagonal | Hexagonal | Irregular

Muthukumar N et al., (2005)Tamil-50 skulls [13] 46 - 54- - - - -
Chethan P et al.,(2012)/Karnataka/53 skulls [21] 151 | 189 | 226 18.9 3.8 5.6 15.1
Vinutha SP, (2012)/Karnataka/200 skulls [22] 335 | 80 | 115 12.0 5.0 11.5 9.52
Ganapathy A et al.,(2014)/Puducerry/100 skulls and 100 CT | 52/66 - 9/9 17/9 - 9/10 22/16
scans [23]
Present study/South Indian/100 skulls 6.0 12.0| 15.0 11.0 3.0 21.0 32.0

[Table/Fig-5]: Comparison of percentage of incidence of different shapes of foramen magnum-studies from India.

highest incidence (22 %) [21]. This disparity in the incidence
could be possibly attributable to ethnic variation.

Size of the FM: The anteroposterior (sagittal) diameter of FM is
described as longer than the transverse diameter conventionally.
The sagittal and transverse diameters are clearly documented
to be being larger in male skulls than in female [1,2,3,8]. In the
present study also the sagittal and transverse diameters are
larger in males. The values of sagittal and transverse diameter
in this study were similar to the results of previous study [8,11].
[Table/Fig-6-8] shows the comparative size of the FM according
to the studies available in the literature. The normal values for the

anteroposterior and transverse diameter measurements of the
FM lie between 28.5 mm and 48.0 mm, and for the transverse
diameter measurements 21.4 mm and 40.0 mm [6].

The surface area of FM in males and females ranged from 788 to
1113 mm?. The surface area was found to be maximum in egg
shaped (differs from the oval by having one pole wider and the
other pointed) FM in male skull and irregular shaped FM in female
skull. The mean area of FM in males was larger as compared
to females. This larger area in males is similar to the results
documented by previous authors [Table/Fig-6,7]. Gunay et al.,
[3] have a documented a mean surface area of FM as 964 mm2

Author /Year/Population Group Sample Size Sagittal Diameter Transverse Surface Area
(mm) Diameter (mm) (mm?)
Teixeira WR, (1982)/Brazil [1] 40skulls - - ©805.65+105-
3963.73+1403
Gunay and Altinkok, (2000)/Turkey [3] Skulls: 1703 & 2909.91+126.02
399 9819.01+117.24
Olivier G et al., (1975)/French [7] 125 skulls 35.70+2.72 30.84+2.15 -
Catalina Herrera CJ, (1987)/Spanish [8] Skulls : 474,226 35.2 30.3 4888.4 9801.0
Gruber P et al., (2009)/Central European skulls dating from 110 skulls 337.1+2.7 332.4+2.4 -
the Pleistocene to modern times [11] ©35.8+3.5 ©31.0+2.8
Crider SM, (2010)/mixed population sample from USA [14] 435 skulls 336.4+2.5 330.5+2.1 -
©35.2+2.5 929.7+2.2
Govsa E et al., (2011)/Turkey [15] 352 adult occipital 37.2+3.5 30.8+2.9 829.0+137.7
bones
Avci E et al., (2010)/Turkey [17] 30 skulls; 10 34.5mm 29 mm
cadaverheads
Loyal P et al., (2013)/Kenya [19] 202 skulls 40.0 34.0 38.028.0 -
Tubbs RS et al., (2010)/Caucasians [24] 72 Skulls 31.0 27.0 -
Macaluso PJ Jr, (2011)/French [25] 364,32 Q skulls 435.38+2.27 430.72+2.11 | 3860.27+94.543
©34.90+2.26 229.40+2.63 | 9815.13+106.29
Natsis K et al., (2013)/Greek [26] 143 adult skulls 35.563+3.06 30.31+2.79 -
Lyrtzis CH, (2017)/Greek [27] 473 ; 968 skulls 336.16+2.29 231.32+2.51 2824.49+117.85
©33.86+2.31 ©28.97+2.32 Q726.08+110.27
Manoel C et al., (2009)/Brazil [28] 215 skulls :43139; 4-35.7+0.29 4-30.3+0.20 -
Q76 @-35.1+0.33 ©-29.4+0.23
Ukoha U et al., (2011)/Nigeria [29] 100 skulls- 436.26+2.39 430.09+2.58 4857.30
904109 ©34.39+8.85 228.16+1.99 Q760.94
Osunwoke EA et al., (2012)/Nigeria [30] 120 dry skulls 36.11+£2.60 29.56+2.60 -

[Table/Fig-6]: Comparative size of the foramen magnum as quoted in literature-craniometric studies from other countries
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Author /Year /Population Group Sample Size Sagittal Diameter Transverse Diameter | Surface Area
(mm) (mm) (mm?)

Deshmukh AG, (2006)/Maharashtra [31] 74 (opt 40 &5 34) 334+3.09;934+ 2.05 | 329+1.97;928+2.09 -
Kanodia G et al., (2012)/Madhya Pradesh [32] 100 skulls 34.1+£0.29 27.5+0.25 747.67+108.60
Jain B et al., (2014)/Delhi [33] 140 skulls 36.2+0.03 31.3+0.24 909+1.29
Patel R et al., (2014)/South Gujarat [34] 100 skulls 33.7 28.29 755.37
Solan S, (2015)/Odisha [35] 60 skulls 36.0+0.29 32.2+0.29 -
Present Study/South Indian 281,919 skulls 337,935 438;9 32 78810 1113

[Table/Fig-7]: Comparative size of the foramen magnum as quoted in-craniometric studies from North India

in males and 806 mm? in females .The area of FM in this study
is smaller in comparison to the area quoted for Turkish skulls
[Table/Fig-3,4]. The mean FMI was found to be larger in males
compared to females. This ratio was taken into consideration
as the absolute measure of difference between different ethnic
groups.

Correlation between the Cl and the surface area of the
FM/FMI: In the present study correlation between the cephalic
index (indirectly the head shape) with the FMI and the surface
area of the FM was attempted. But no significant correlation
could be found between these parameters. But in females
skulls there was a weak positive correlation. So we speculate
the reason for the absence of correlation between Cl and the
surface area of the FM/FMI may be due to the fact that-the
two parts of the skull viz., the base and the vault have different
modes and rates of development; the base being ossified in
cartilage and the vault by membranous ossification . Further
they are influenced by different factors ie., vault by the growth
of the brain and the base by the soft tissue structures at the
base of the skull and the neck.

Comparison of the dimensions of FM between
anthropometric and radiological studies: Comparison
between the data by the two methods shows not much of

Author (Year)/Population Group Sample Size | Sagittal Diameter (mm) Transverse Diameter | Surface Area (mm?)
(Skulls) (mm)

Muthukumar N et al., (2005)/Tamil [13] 50 33.3 27.9 -

Chethan P et al., (2012)/Karnataka [21] 53 31+24 25.2+2.4 -

Vinutha SP et al., (2012)/Karnatak [22] 200 31.64+2.8 26.13+2.6 765.42+104.5

Ganapathy A et al.,(2014)/Puducherry [23] 100 33.9+0.2 28.7+0.2 -

Babu YPR et al., (2012)/Karnataka [36] 450;240 336.40+8.2; 231.62+2.0 332.93+2.3; -
928.32+2.1

Tanuj et al., (2013)/Karnataka [37] 469,949 434.51 +2.7; 933.60+2.6 427.36+2.0; 4755.46+108.3;
926.74+2.3 Q717.92+94.8

Shanthi CH et al., (2013)/Andhra Pradesh [38] | 466;934 437.1+0.3; 933.8+0.3 332.0+0.3; 930.4+0.3 -

Shepur MP et al., (2014)/Karnataka [39] 150 233.4+2.6; 933.1+2.7 328.5+2.2; 927.3+2.0 A748.6+97;

Q711.1+97.7
Present study/South Indian 481,219 437,235 333;9 32 78810 1113

[Table/Fig-8]: Comparative size of the foramen magnum as quoted in craniometric studies from South India

difference [Table/Fig-6,8,9].

Demonstration of Sexual dimorphism of the FM using
metrical values: Following Teixeria’s [1] publication on
determination of sex based on the size of FM attempts have
been made to demonstrate the sexual dimorphism using
metrical values on skulls of several races across the world.
The results and subsequent inferences drawn are varying and
conflicting. The results of these studies are summarized below
South American (Brazilian): Some authors have opined that
FM size is a good indicator of sex and the size of the FM
may be useful in sexing the skelet al remains when an expert
forensic nthropology or a crime laboratory is not available [46].
However, according to Teixeira [1] the dimensions of the FM
are of limited practical value and should be supplemented
with qualitative indicators to improve the accuracy of sex
determination.

Turkish studies: According to Gunay and Altintok [3] the
area of FM is not a useful indicator for sex identification and
can be used only under some circumstances as a supportive
finding. Whereas, Uysal S et al., feel that sex differences in the
dimensions of the FM and variations in its shape are of diagnostic
and radiological importance and sex can be determined with an
accuracy rate of 81% [9].
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European: Catalina-Herrera CJ, found larger metrical
parameters in males than in females [8]. Gapert R et al., have
stated that overall highest prediction of sex was only 68%, the
sexual dimorphism in the FM is significantly demonstrable and
should be considered useful in identification of sex [2].

Indian: Some Indian studies from India have demonstrated
significant sexual differences in the dimensions of FM. These
studies have used both dry skulls as well as CT scans
[38,39,45]. In the Present study the surface area of the FM
was not found to be a reliable index of sex but can be used
as supplement.

Importance of morphometry of the FM in skull base
surgery: Knowledge of the topographic anatomy of the
bony landmarks in this region has become very important to
neurosurgeons undertaking transcondylar approach to access
region anterior to brainstem and cervicomedullary junction.
Muthukumar N et al., conducted a morphometric analysis
of the hypoglossal canal, occipital condyle and the FM as it
pertains to the transcondylar approach in 50 dry skulls [13].
According to these authors it may necessitate an extensive
bony resection if the occipital condyles are wide and sagittally
inclined, or prominent medially associated with a FMI of more
than 1.2. Using latest imaging techniques, it is possible to
plan the extent of bony resection required in an individual case
by using the morphometric features. Some authors [9] are of

Author (Year)/Population Sample Size Sagittal Diameter (mm) | Transverse Diameter | Surface Area
Group (mm) (mm?)

Sendemir E et al.,(1994) (6] CT images: 23 36.4 30.0 -
Espinoza EG et al., (2011)/Chile Brain scans:350;950 337.4+3.3; 935.6+3.0 3231.9+2.6; 2877+125;
Mapuche Ethnicity [16] ©30.1+2.4 0798+115
Vinutha SP et al., (2012)/South CT scans: 1194819 35.10+3.7 29.41+2.9 758.17+136.4
India [22]
Ganapathy A et al., (2014)/ 100 CT images 34.9+0.2 29.8+0.2 -
Puducherry [23]
Kanodia G et al., (2012)/Madhya 100 CT scans of head injury 33.1+£0.3 27.6+0.3 729.15+124.8
Pradesh [32] patients
Shepur MP et al., (2014)/ 30 CT scan images of living 338.5+3;935.2+3.1 329.10+2.3; 2862.0+112.0;
Karnataka [39] subjects:315;215 Q27.60+2.3 @758.0+£109.0
Wanebo JE et al., (2001)/USA Cadaveric CT images 36.0+2.0 32.0+2.0 820.0+100.0
[40]
Erdil FH et al., (2010)/Turkey [41] CT scans:929;425 35.58+4.1 29.84+2.9 -
Uthman AT et al., (2011)/Iraq Helical CT scans:243;945 334.9+2; 932.9+2 329.5+2.5; A765.2+9;
Middle East [42] 927.3+2.2 9670.2+93.7
Burdan F et al., (2012)/Poland CT scans:313 37.06+3.07 32.98 + 2.7 877.40 +131.6
[43]
Damian D et al., (2012)/Brazil [44] MRI Scans:40 normal adults 34.78+2.1 28.69+2.7 95.25+13.8
Sukumar S et al., (2012)/South CT Scans:54 patients 335.18+2.8; 931.77+2.0 329.53+2.7; -
India [45] 926.31+1.1

[Table/Fig-9]: Comparative size of the foramen magnum as quoted in literature-radiological studies

the opinion that it is necessary to take in to consideration sex
differences in the dimensions of the FM and the variations in
its shape while making a clinical or radiological diagnosis and
during a surgical procedure.

LIMITATION

Sexual dimorphism in either shape or size could not be
demonstrated decisively due to non availability of more
number of female skulls. Examination of a larger number of
skulls of both sexes may yield significant data.

CONCLUSION

Shape of FM varies in different ethnic groups. Frequency
of occurrence of different shapes of the FM shows a wide
range of variation among different regions within India: (oval
shape higher in Rajasthan, Puducherry; Egg and round
shapes were higher in frequency among the population
of Tamil, Kerala and Rajasthan. Tetragonal, hexagonal
pentagonal were less frequently seen amongst all regions
of India; irregular shape was commonest in the studies
from Madhya Pradesh, Uttar Pradesh, Puducherry). The
morphological and morphometic measurements of Indian
skulls are of forensic importance. Size of the FM cannot
be taken as a completely reliable indicator of sex, however
it can used as a supplement for preliminary identification.
Knowledge of the bony anatomy of this region is important
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for the transcondylar approach to access lesions ventral to
the brainstem and cervicomedullary junction.
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