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ABSTRACT

This study is empirical in nature designed to observe and measure the
occipital condyles using computerized tomography from Sokoto State,
Nigeria. The purpose of the study is to evaluate the occipital condylesin
sex determination using computerize tomography scan, and to compare
and contrast the respective measurements of the occipital condyles
between sexes and various age groups. 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 subjectswereinvolved
in the study. Out of the number, 26.25% were females and 73.75% were
males. Theratio of maleto femalewas2.8:1. The age range of the subjects
used in thisstudy was 20to 79 years. The mean anterior posterior diameter
and width of the right occipital condyle were 23.5mm and 12.8mm
respectively and for left occipital condyle were 23.7mm and 12.7mm
respectively, the mean bicondylar distance was49.4mm. Thisstudy reports
that the dimensions of the occipital condyles are greater in Nigerian
males than in their female counterparts and are statistically significant
for width of the anteroposterior diameter of both condyles and bicondylar
distance.
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INTRODUCTION
Studies performed on the cranial base have determined sexual dimorphism by
measuring specific bony landmarkson the crania base, such asaxial length of the
occipital condyle (Cicekgibasi, Murshed, Ziylan, Seker and Tuncer, 2004).
Regressionformulaefor sex determination, was created from measurementsonthe
occipital condyles (anteroposterior and transverse diameter) from a historic
population (Gapert, Black and Last, 2009b). The occipital condylesareamongthe
classical morphological indicatorsof sexual dimorphism that has been described
(Krogman, 1955; Krogman, and I scan, 1986). Thediagnostic value of systematic
observation studied by Suazo, Russo, Zavando and Smith (2009) has reported
that sex determination by observation of theoccipital condylesshowsgood senstivity
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and predictive valuefor males. Fragmentary human remains compromised by
different typesof inhumation, or physical insults such asexplosions, fires, and
mutilationsmay frugtratetheuseaf traditional morphol ogic sex determination methods
(Rene, Sueand Jason, 2008). The basicraniumisprotected by alarge soft tissue
mass comprising muscle, tendon, and ligaments. Assuch, the occipital condyles
may proveuseful for sex identificationin casesof Sgnificantly fragmented remains
(Rene, Sueand Jason, 2008). Adult human skullsmeasured indicated theexpression
of sexua dimorphismintheoccipital condylar regionwithinthe St. Bridespopulation
(Rene, Sueand Jason, 2008). Suazo, Russo, Zavando and Smit (2009) analyzed
215 human skulls, belonging to the coll ection of the Universidade Federal de Sao
Paulo (UNIFESP).

The sample of 144 malesand 71 females adult skulls of 18 years and
above, whichwerein agood state of preservation that allowed for measurement,
the mean age for males and females in the sample are 44.3 and 40.76 years
respectively (Suazo, Russo, Zavando and Smit, 2009). The authorsfound that the
level of general agreement in the diagnosisof sex, based on differences between
theleft and right sidesto be 65.58%, this percentage was higher in the skull of
women which is83.09%, while the percentage of agreement in male skullswas
63.88%. Theoverall accuracy ratefor diagnosing sex based on the Baudoin index
wasfound to be 41.39% for both sides. The positive predictivevauefor males
was 77.6% ontheright sideand 76.68% on theleft side; for women, the positive
predictivevaue of the Baudoin index was 36.6% ontheright sdeand 38.65 % on
theleft Sde. It was concluded by the authorsthat the Baudoin condylar index hasa
low yield asadiagnostic test for determining the sex in the skulls studied (Suazo,
Russo, Zavando and Smit, 2009).

Macaluso Jr (2011) in hisstudy of the basal region of the occipital bonein
adocumented French collection was analyzed for sex differencesusing standard
osteometric techniques. The results demonstrated that a low level of sexual
dimorphismispresent inthe crania base of the sampleanalyzed, with few of the
variablesmeasured exhibiting satistically significant differencesbetween the sexes
(Macaluso Jr, 2011). A stepwi se procedure, which selected maximum length of the
left occipital condyleand minimum distance between occipital condylesproduced
the best overall result with aclassification accuracy rate of 67.7% (Macaluso Jr,
2011). Themain objective of thisstudy isto eval uatethe occipital condylesin sex
determination using computerize tomography scan. And to compare and contrast
the respective measurements of the occipital condyles between sexesand various

agegroups.

MATERIALSAND METHOD
Selection of materials: All available Cranial CT scans of subjectsdoneinthe
Radiol ogy Department of the Usmanu Danfodiyo University Teaching Hospita
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(UDUTH) Sokoto, from 2008 - 2012, which were reported as normal by a

consultant Radiologist, with 3 yearsexperience, wererecruited for the study.

Inclusion Criteria: Computerized tomographic scan for the study were selected

based onthefollowing:

€) 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,

Anterior

Left
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Fig1: AnAnnotated Diagram of ForamenMagnumand Occipital Condyles Showing
Landmarksof Measurement.

A = Summit of anterior border of theforamen magnum.

B = Summit of posterior border of theforamen magnum.

C = Point at which thelower part of right condyle meetsthelateral
boundary of foramen magnum.

D = Point at which thelower part of Ieft condyle meetsthelateral
boundary of foramen magnum.

E = middle of theanterior border of theleft condyle.

F = middle of the posterior border of theleft condyle.

G = middle of theanterior border of theright condyle.

H = middle of the posterior border of theright condyle.

I = middle of thelateral border of theright condyle.

J = middle of themedia border of theright condyle.

K = middle of themedia border of theleft condyle.

L = middle of thelatera border of theleft condyle.
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Satistical methods: Datawasinitially sorted out, tabul ated and then entered into
computer using Microsoft word and Microsoft Excel manually. Minitab 16.0
statistical package was used for dataanalysis. The mean lengths and widths of
foramen magnum and occipital condyleswere determined.

Anterior

R=Right L =Left P =Posterior
Figure2: A CT Image of a45-Year Old Female Showing Oval Shape Foramen Magnum and
Measurement of the Length of the Foramen Magnum A-B= 39.17mm, Length of the Right

Occipital Condyle E-F=23.83mm and L ength of the L eft Occipital Condyle G-H=22.39mm.

Anterior

R=Right L =Left P =Posterior

Figure3: A CT Image of a23-Year Old Mal e Showing Diamond Shape Foramen Magnum and
Measurement of the Width of the Foramen Magnum C-D= 30.72mm, Width of the Right
Occipital Condyle K-L=13.83mm and Width of the L eft Occipital Condylel-J=13.29mm
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RESULTSAND DISCUSSION

Table 1 showsthemean and standard deviation of theforamen magnum diameters.
A total of 240 subjectswereinvolved in the study. Out of the number, 26.25%
werefemaesand 73.75% weremales. Theratio of maletofemalewas2.8:1. The
agerange of the subjectsused in thisstudy was 20 to 79 years, and the mean age
was42.7years (table 1). Therange of theright occipital condyle diameterswere
15.8mmto 32.2mm for anterior posterior diameter and 9.0mmto 16.7mmfor the
width (table 1). Therange of theleft occipital condyle diameterswere 16.7mmto
33.9mmfor anterior posterior diameter and 7.6mmto 17.2mmfor thewidth (table
1). Therange of the bicondylar diameter was 38.2mmto 60.3mm (table 1). The
mean anterior posterior diameter and width of theright occipital condylewere
23.5mm (x2.7) and 12.8mm (x1.7) respectively and for | ft occipital condylewere
23.7mm (x2.8) 12.7mm (x1.4) respectively, the mean bicondylar distance was
49.4mm (£3.8) (table 1).

Table 2 comparesthe mean and standard deviation of the occipital condyle
diameters, for males and femal es used in the study. The mean anteroposterior
diametersof theright occipital condylein maleswas23.7mm (x2.5) andinfemales
themean was 22.7mm (x2.9). The PValue=0.014601. Thisindicatesthat there
was tatistically significant difference between the sexes. The mean width of the
right occipital condylein maleswas 12.9mm (x1.6) and that of thefemaleswas
12.7mm (x£1.7) and thePVaue=0.426. Thisindicatesthat therewasno statistically
significant difference between the sexes. The mean anteroposterior diameters of
theleft occipital condylein maleswas24.1mm (x1.7) andin femalesthe mean was
22.7mm (£2.9) and the PValue=0.0012. Thisindicatesthat therewas tatistically
sgnificant difference between the sexes. Themean width of theleft occipital condyle
inmaleswas 12.8mm (+1.3) and that of thefemaleswas 12.4mm (+1.6) and the P
Vaue=0.126. Thisindicatesthat therewas no statistically significant difference
between the sexes. The mean bicondylar distancein maleswas49.9mm (+3.4)
andinfemalesit was47.6mm (+4.5) and the PValue=0.00029. Thisindicates
that therewas Statitically significant difference between the sexes.

Table 3 demondtratesthediametersof theoccipita condylesinrelationto
agegroup of the subjects. Themean A-Pdiametersof theright occipital condyle
acrossthegroupswere 23.2mm (+2.4) for age group 20-29 years, 23.9mm (+3.4)
for 30-39 years, 23.4mm (x3.4) for 40-49 years, 23.9mm (+2.9) for 50-59 years,
23.5mm (x2.3) for 60-69 yearsand 22.5mm (x£2.7) for age group 70-79 years.
The mean width of theright occipital condyle acrossthe groupswere 12.6mm
(£1.8) for agegroup 20-29 years, 12.8mm (+1.8) for 30-39 years, 12.8mm (£2.2)
for 40-49 years, 12.8mm (+1.4) for 50-59 years, 13.4mm (+1.2) for 60-69 years
and 12.8mm (x1.8) for agegroup 70-79 years.
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Themean A-Pdiametersof theleft occipital condyle acrossthe groups
were 23.6mm (+2.6) for age group 20-29 years, 24.0mm (+3.2) for 30-39 years,
23.8mm (£3.2) for 40-49 years, 23.8mm (+2.8) for 50-59 years, 23.9mm (+2.2)
for 60-69 yearsand 23.0mm (+2.5) for age group 70-79 years. The mean width
of theleft occipital condyle acrossthe groupswere 12.5mm (+1.4) for agegroup
20-29 years, 12.6mm (+1.6) for 30-39 years, 12.4mm (+1.4) for 40-49 years,
12.9mm (x1.3) for 50-59 years, 12.8mm (+1.4) for 60-69 yearsand 13.1mm
(£1.3) for age group 70-79 years. The mean bicondylar distance of the occipital
condylesacrossthegroupswere49.2mm (+3.9) for agegroup 20-29 years, 50.7mm
(x4.0) for 30-39 years, 49.4mm (+3.1) for 40-49 years, 49.1mm (+4.0) for 50-
59 years, 48.9mm (+£3.4) for 60-69 years and 48.4mm (+4.5) for age group 70-
79 years. Themean anteroposterior diameter and thewidth of theright occipital
condyleinmaleswere 23.7mm (£2.5) and 12.9mm (+1.6) respectively, whilein
femal es, the mean anteroposterior diameter and the width of theright occipital
condylewere 22.7mm (£2.9) and 12.7mm (£1.7). Thisshowsalarger valuein
malesthan in femal e subjects. The anteroposterior diameter for theright occipital
condyleisstatistically significant p<0.05 whilethat of thewidth isnot significant
datigticdly p>0.05.

Themean anteropogterior diameter and thewidth of theleft occipita condyle
inmaleswere24.1mm (x1.7) and 12.8mm (1.3) respectively, whilethe mean
anteroposterior diameter and thewidth of theleft occipital condyleinfemaeswere
22.7mm (x2.9) and 12.4mm (+1.6). The anteroposterior diameter for the |eft
occipital condyleisstatistically significant p<0.05 whilethat of thewidthisnot
ggnificant statistically p>0.05. Themean bicondylar distancein maeswas49.9mm
(£3.4) andinfemalesit was47.6mm (£4.5), which showsalarger valuein males
thaninfemalesubjectswhichisstatistically significant p<0.05. Thisisinlinewith
thestudy inwhich theva uesof theoccipita condyle measurementsfrom the study
werebigger in males46.8mm thaninfemaes43.9mm8.

CONCLUSION

Thisstudy wasdesigned to evaluate the occipital condylesin sex determination
using computerize tomography scan, and to compare and contrast the respective
measurements of the occipital condyles between sexesand various age groups.
Cranial CT Scanswere obtained from thelocal database of the CT machineand
back up compact discfromthe CT library. Thisstudy reportsthat the dimensions
of theoccipitd condylesaregreater inNigerianmaesthaninther fema ecounterparts
and are statistically significant for width of the anteroposterior diameter of both
condylesand bicondylar distance.
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Table1: Mean and Standard Deviation (+SD) of the Occipital Condyles Diametersfor Subjects
Used in the Study

Occipital Condyle Diameters Age Range Range of Mean (xSD)
measurement (mm)

Right occipital condyle

A-P diameter n=240 20-79 15.8-32.2 23.5 (+x2.7)
Right occipital condyle

width (mm) n=240 20-79 9.0-16.7 12.8 (¢1.7)
Left occipital condyle

A-P diameter n=240 20-79 16.7-33.9 23.7 (+2.8)
Left occipital condyle

width (mm) n=240 20-79 7.6-17.2 12.7 (¢1.4)
Bicondylar distance n=240 20-79 38.2-60.3 49.4 (+3.8)

A-P = Anteroposterior

Source: Empirical Observation, 2013

Table2: TheMean and Standard Deviation (+SD) of Occipital CondylesDiametersin Relation
to Sex of the Subjects Used in the Study

Occipital condyle (OC) M ean(mm) M ean(mm) P Value
diameters (xSD) Males (xSD) Females
Anteroposterior

diameter Right OC 23.7(%2.5) 22.7(%+2.9) *0.014601
right OC Width 12.9 (+1.6) 12.7(+1.7) 0.425596
Anteroposterior diameter

Left OC 241 (£1.7) 22.7(+2.9) *0.001203
Left OC Width 12.8 (+1.3) 12.4(+1.6) 0.126091
Bicondylar distance 49.9(x£3.4) 47.6(%4.5) *0.00029

*statistically significant at P Value > 0.05
Source: Empirical Observation, 2013

Table 3: Mean and Standard Deviation of the Occipital Condyle Diametersin Relationto Age
Group of Subjects Used in the Study

Age Number of A-P diameter Width of the A-P diameter Width of the Bicondylar
subject inthe of theright right occipital of the left left occipital distance
age group occipital condyle condyle occipital condyle condyle (mm)£1SD
(mm)£1SD (mm)+1SD (mm)£1SD (mm)£1SD

20-29 70 23.2(+2.4) 12.6(+1.8) 23.6(+2.6) 12.5(+1.4) 49.2(+3.9)

30-39 41 23.9(+3.4) 12.8(+1.8) 24.0(+3.2) 12.6(+1.6) 50.7(+4.0)

40-49 35 23.4(+3.4) 12.8(+2.2) 23.8(+3.2) 12.4(x1.4) 49.4(+3.1)

50-59 42 23.9(+2.9) 12.8(+1.4) 23.8(+2.8) 12.9(+1.3) 49.1(+4.0)

60-69 31 23.5(+2.3) 13.4(%1.2) 23.9(+2.2) 12.8(+1.4) 48.9(+3.4)

70-79 21 22.5(+2.7) 12.8(+1.8) 23.0(+2.5) 13.1(+1.3) 48.4(+4.5)

Source: Empirical Observation, 2013

Al ol Bhe right acoprisl

sondyle e RS0

—— &-F dimmster oithe right
-cipEs candyle (mm|t 150

41
—p— I raape= oy nurds=r of

mibjactin the spe greuy

)

20-78 O3S Ad-d9  S0-%9 G0-69  TO-TY

Figure 4: Graphical Representation of the Mean Length and Width of the Right Occipital
Condyle in Relation to Age Group and Frequency of Subjects Used in the Study.

International Journal of Health and Medical Information Volume 2, Number 3, December 2013 16
I SSN: 2350-2150



. \.\_
e Bicomedylmr dickwreca {rumi 2150
1 — -\_\-\_"‘-\_\_\_\_\_\_\_‘
L0 Wedth o tha it ccdipts
candgls dmmid E50
B AP daneter of the ki
&0 ——g— accip Enl ¢oredide dmmid 50
i - N —i— Fre gusn gy faamib=r of aibjedin
. -"'--1..__ tha spa grewy
= ---‘—\.'
338 4449 L3545 G5 TE-T3

Figure 5: Graphical Representation of the Mean Length and Width of the Left Occipital
Condyle and Bicondylar Distancein Relation to Age Group and Frequency of Subjects Used
in the Study.
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