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ABSTRACT

This study, Measurements of Foramen Magnum Using Computerised
Tomography in Sokoto State, Nigeria was aimed at assessing the
anteroposterior diameter and width of the foramen magnum, the
anteroposterior diameter and width of the occipital condyles as well as
the bicondylar distance taken from normal cranial CT scans of subjects
with the aim of determining the sex of the subjects as was previously
employed by Selma-Uysal, et al 2005 in Turkish population. Cranial CT
Scans were obtained from the local data base of the CT machine and
back up compact disc from the CT library. Films were viewed on the
computer monitor. Measurement was made with Dragon V3.1.1 Philips
and Neusoft Medical System Company Limited software, the software
provides a meter rule with which measurementswere done. Atotal of 240
subjectswere involved in the study, out of which, 73.75% were males. The
ratio of male to female was 2.8:1. The age range of the subjects used in
thisstudy was 20 to 79 years. Therange of the foramen magnum diameters
were 22.3mm to 45.9mm for anterior posterior diameter and 19.9mm to
38.3mmfor the width of the foramen magnum. The mean anterior posterior
diameter and width of the foramen magnum were 34.3mm and 30.1mm
respectively. Thisstudy reportsthat the dimensions of the foramen magnum
are greater in Nigerian males than in their female counterparts and are
statistically significant for width of the foramen magnum. Theincreasein
age of individuals after the age of 20 years will not affect the foramen
magnum diameters.
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INTRODUCTION
Foramen magnum eval uations are very important not only to establish the most
proper operational techniques, but also to obtain useful datafor unknown sex
determination and identity inforensic medicine (Bozbugaet al., 1999). Studies
related to morphometric analysis of Antero-Posterior Diameter (APD) and
Transverse Diameter (TD) of theforamen magnum showed differencesand hasan
extremeimportancein sex determination (Lang, Schafhauser and Hoffmann, 1983;
Sindel, Ozkan, Ucar and Demir, 1989; Calgiiner, 1991). Thesagittal and transverse
dimensionsof theforamen magnum aresignificantly higher inmen'sskulls. The
mean sagittal diameterswere 36.5mm and 35.6mm for maeand fema erespectively
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and themean transverse diameterswere 30.6mm and 29.5mm for maleand female
respectively (Catalina-Hercera, 1987). Lang and Hornung (1993), inastudy in
Germany on comparison of the difference between the transverse diameter and
anteroposterior diameter valuesof foramen magnum in male and femal e subjects
showed datidtica sgnificanceintermsof size. Thestudy showed that inmaesubjects,
the anteroposterior diameter and transverse diameter valueswerelarger than those
foundinfemales, the anteroposterior diameter of foramen magnum wasfoundto
be 35.33mm, and thetransverse diameter 29.67mm.

Theanteroposterior diameters of the foramen magnum were on average
significantly greater than transverse diameters, thisis consistent with the normal
oval shape of the foramen magnum. Furthermore, both diametersshow aninter-
individua variability and both arenormally distributed (Philipp, Macigj, Thomas
and Frank, 2009). Inthisstudy on central europian maleand femaedry skulls, the
anteroposterior diameter rangesfrom the minimum val ue of 30mm to maximum
vaueof 43mm. Thetransversediameter rangesfromtheminimumvaueof 25mm
to the maximum of 39 mm (Philipp, Macigj, Thomas and Frank, 2009). The
diametersof thefemaleforamen magnumareon averagedightly smadler thanthose
of themales (Philipp, Macig, Thomasand Frank, 2009). It wasfound that aweak
positive correlation with individual age existsfor both diameters (anteroposterior
diameter: r = 0.22, transversediameter: r = 0.10), yet noneissignificant. Fatma,
Vedat, Mehmet and Oktay, 2010, in the study that was carried out on 95 adult dry
skullsin Sivas Turkey, the mean anteroposterior diameter of theforamen magnum
wasfoundto be 3.63cm + 0.27cm, and thetransversediameter 3.04cm £ 0.27cm.
On the other hand, CT measurements of 23 outpatients reveal s that mean of
anteroposterior diameter value was 36.4mm £ 2.8mm, and that the mean of
transverse diameter value was 30.0mm + 1.4mm (Fatma, Vedat, Mehmet and
Oktay, 2010). Themain objectiveof thisstudy isto eva uate theforamen magnum
in sex determination using computerize tomography scan. And to compare and
contrast the respective measurements of the foramen magnum between sexesand
between various age groups.

MATERIALSAND METHOD
All availableCranid CT scansof subjectsdoneinthe Radiology Department of the
Usmanu Danfodiyo University Teaching Hospital (UDUTH) Sokoto, from 2008 -
2012, which werereported asnormal by aconsultant Radiologist, with 3 years
experience, wererecruited for the study. Computerized tomographic scan for the
study were sel ected based on Inclusion Criteriaand Exclusion Criteria.
Inclusion Criteria
€) Good positioning of the patient. With the Passage of thelowest tomographic
section through aline 15-20 degreesto and 1cm abovethe cantho-meatal
linewhich representsthe base of the skull.
(b) Didtinctly shownforamen magnum and occipital condyleswithcdear margins,
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Exclusion Criteria:

€) All crania computerized tomographic scansshowing morphol ogica changes
affecting thenormal anatomy of theforamen magnum, 22 wereexcluded.

(b) All filmsthat showed alteration of the size, shape or asymmetry of the
foramen magnum, 15 were excluded.

(© All cranial computerized tomographic scanswith poor positioning of the

patients, 5 were excluded.

(d) All crania computerized tomographic scanswith poor quality of the scan
images7 wereexcluded.

(e All cranial computerized tomographic scansthat were not interpreted by
the Radiologist 33 wereexcluded.

Thetotal number of Crania CT scansdonein the department during the
study period was 1,342 out of which, 322 scanswere reported to have normal
foramen magnum and occipital condyles. However, only 240 CT scans satisfied
theinclusion criteria. Equipment used in taking the Crainal CT Scansusedinthe
study include NEUSOFT C 3000 Spird CT machineDual SideHdical CT (2005)
modd. Crania computerized tomographic Scanswere obtained fromtheloca data
base of the computerized tomographic machine and back up compact disc from
the compuiterized tomographic library. Filmswereviewed on the computer monitor.
Good positioning to determine symmetry or asymmetry wasascertained. Presence
or absence of pathology was also noted. M easurement was made with Dragon
V3.1.1 Philips and Neusoft Medical System Company Limited software, the
software providesameter rulewith which measurementswill be done, based on
the method adapted by (Selma-Uysal et al., 2005). Datawereinitialy sorted out,
tabul ated and then entered into computer using Microsoft word and Microsoft
Excel manually. Minitab 16.0 statistical packagewasused for dataanaysis. The
mean lengths and widths of foramen magnum and occipital condyles were
determined.
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Fig 1: An Annotated Diagram of Foramen Magnum and Occipital Condyles Showing Landmarks of Measurement.
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Summit of anterior border of theforamen magnum.
Summit of posterior border of theforamen magnum.
Point at which thelower part of right condyle meetsthe
lateral boundary of foramen magnum.

Point at which thelower part of |eft condyle meetsthe
lateral boundary of foramen magnum.

middleof theanterior border of theleft condyle.
middle of the posterior border of theleft condyle.
middleof theanterior border of theright condyle.
middleof the posterior border of theright condyle.
middleof thelateral border of theright condyle.
middleof themedial border of theright condyle.
middleof themedia border of theleft condyle.
middleof thelateral border of theleft condyle.
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Thefollowing diametersweremeasured (Fig 1).

1.

2.

3.

G-H (Length of theright occipita condyle): Themaximum length of condyle
along thelong axisfrom the edges of thearticular surface.

I-J(Width of theright occipital condyle): The maximum width of condyle
fromthearticular edgesaong alineperpendicular tothelong axis.

E-F (Length of theleft occipital condyle): The maximum length of condyle
alongthelong axisfrom the edges of thearticular surface.

K-L (Width of theleft occipital condyle): Themaximum width of condyle
fromthearticular edgesaongalineperpendicular tothelong axis.

I-L (Maximum bicondylar distance): Thebicondylar breadth; themaximum
distance between thelatera edgesof thearticular surfacesof the condyles,
A-B (Length of theforamen magnum): Themaximuminternd length of the
foramen magnum along the midsagittd plane.

C-D (Width of theforamen magnum): The maximuminternal width of the
foramen magnum perpendicular to themidsagitta plane.

RESULTSAND DISCUSSION

A total of 240 subjectswereinvolved in the study. Out of thisnumber, 26.25%
werefemalesand 73.75% weremales. Theratio of maletofemalewas2.8:1. The
agerange of the subjectsused in thisstudy was 20 to 79 years, and the mean age
was42.7 years(+16.4). Therangeof theforamen magnum diameterswere 22.3mm
to45.9mm for anterior posterior diameter and 19.9mmto 38.3mm for thewidth of
theforamen magnum. Themean anterior posterior diameter and width of theforamen
magnum were 34.3mm (+4.1) and 30.1mm (£3.1) respectively. Table 2 compares
themean and standard deviation of theforamen magnum diameters, for malesand
femdesusedinthestudy. Themeanfor theanteroposterior diameter inmaesubjects
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was 34.5mm (£3.9), and that of thefemal e subject 33.5mm (+4.5). ThePvaue=
0.11428. Thisindicatesthat thereisno statistically significant differenceamong the
sexes. Themean measurement for theforamen magnum width in male subjectswas
30.6mm (£2.8) and that of thefemale subjectswas 28.9mm (£3.5). ThePvaue=
0.00075. Thisindicatesthat therewas statistically significant difference between
the sexes. Themean anteroposterior diameter of theforamen magnum of subjects
according to theage groupswere 33.7mm (+3.9) for 20-29 years, 34.7mm (+4.1)
for 30-39 years, 34.9mm (+4.4) for 40-49 years, 34.8mm (+4.7) 50-59 years,
33.6mm (+£3.1) for 60-69 years and for age group 70-79 yearsit was 34.5mm
(x4.1). Themean width of theforamen magnum of subjectsaccordingto theage
groups were 30.3mm (£3.0) for 20-29 years, 30.4mm (+3.1) for 30-39 years,
30.4mm (£3.1) for 40-49 years, 30.2mm (£3.3) 50-59 years, 29.5mm (+2.3) for
60-69 yearsand for agegroup 70-79 yearsit was 28.8mm (£3.7). In thisstudy the
mean anterior posterior diameter andthewidth of theforamen magnuminal subjects
werefound to be 34.3mm (£4.1) and 30.1mm (£3.1) respectively. Thisiscloseto
what wasfound by Osunwoke, Oladipo, Gwunireamaand Ngaokere (2012) in
AnambraState, Nigeria, which werefound to be 36.11mm and 29.56mm for the
mesan length and width of theforamen magnum respectively.

Thisstudy findsthe mean anterior posterior diameter in male subjectsas
34.5mm (+3.9) and that of thefemal e subjects 33.5mm (+4.5) with no significance
datistically, themean width of theforamen magnum in male subjectswas30.6mm
(x2.8) and that of the femal e subjectswas 28.9mm (+3.5) whichisstatistically
sgnificant. Thisshowsalarger vaueinmaesthaninfemaes, whichisthesameas
reported by Catalina-Herrera (1987) from Spain and Selma-Uysal et al (2005)
from Turkish population. Themean anteropogterior diameter and width of theforamen
magnumin relation to theage groupsof subjectsstudied showsno differenceacross
theagegroupsfrom 20to 79 yearsof age. The measurementsin female age group
showsincreasein both diameterswith increasein age up to the age group of 50-59
andthenit startsto decrease with ageincrement.

Table 1: Mean and Standard Deviation (+SD) of the Foramen Magnum Diameters
for Subjects Used in the Study

Foramen magnum and Agerange Rangeof Mean (£SD)
occipital condylediameters (years) measurement (mm) (mm)
Foramen magnum

A-Pdiameter (mm) n=240 20-79 22.3-45.9 34.3(x4.1)
Foramen magnum

Width (mm) n=240 20-79 19.9-38.3 30.1(%£3.1)

A-P = Anteroposterior
Source: Empirical Observation, 2013
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Table 2: Showsthe Mean and Standard Deviation (£SD) of the Foramen Magnum Diameters
in Relation to Sex of the Subjects Used in the Study.

Foramen Magnum diameters Mean(mm) (zSD)  Mean(mm) (zSD) PValue
Males Females

Anteroposterior Diameter 34.5(£3.9) 33.5(x4.5) 011428

Width 30.6(x2.8) 289(£35) *0.00075

*datigticaly sgnificant at PValue>0.05
Source: Empirical Observation, 2013

Table 3: ShowsMean and Standard Deviation (+SD) of the Foramen Magnum Diametersin
Relation to Age Group of Subjects Used in the Study

Age (years) Frequency number of A-P diameter of the Width of the foramen
subject in the age group foramen magnum maghum (mm)+1SD
(mm)+1SD
20-29 70 33.7(x3.9) 30.3(+3.0)
30-39 41 34.7(x4.1) 30.4(+3.1)
40-49 35 34.9(+4.4) 30.4(+3.1)
50-59 42 34.8(+4.7) 30.2(+3.3)
60-69 31 33.6(+3.1) 29.5(+2.3)
70-79 21 34.5(+4.1) 28.8(%3.7)

Source: Empirical Observation, 2013
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Figure 2: Graphical Representation of the Mean Length and Width of the Foramen Magnum
in Relation to Age Group and Frequency of the Subjects Used in the Study.

CONCLUSION

Theforamen magnumisathreedimens ond gperturewithinthebasal centra region
of the occipital bone. It isan oval or circular aperturein the base of the skull
(Ukohaet al., 2011). It transmitsthe medullaoblongataand its membranes, the
spinal accessory nerve, vertebral arteries, the anterior and posterior spinal arteries,
themembranetectoriaand aar ligaments(Ukohaet a., 2011). Studiesrelated to
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morphometric analyssof antero-posterior diameter (APD) and transversediameter
(TD) of theforamen magnum showed differences and has an extremeimportance
insex determination. Theagerange of subject used inthisstudy was20to 79 years
thisisfairly comparablewith the age range of individuasused by Gilesand Eliot
(1963) whichisbetween 21 to 75 years. Thisstudy concludesthat thedimensions
of theforamen magnum aregresater in Nigerian malesthaninther fema ecounterparts
and aredtatistically significant for width of theforamen magnum. Theincreasein
ageof individual safter the age of 20yearswill not affect the foramen magnum
diameters.
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