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INTRGDUCTION

The assessment of sex in most of
the individual bones of the skeleton,
especially in the vertebrae, appears
to be uncertain. It is not unusual
for the workers engaged in anthro-
pological studies or in medico-legal
practice to be confronted with pro-
blems of diagnosing the sex of iso-
lated hones (Warwick and williams,
1973). The known criteria adopted
in sexing skulls or pelvic bones
cannot be applied with certainty in
case of vertebrae.

Review of the available literature
concerning the sex differences in the
atlas and axis vertebrae reveals a
great gap in knowledge. Francis
(1955), however, had contributed to
this field by using groups of verte-
brae with known sex.

The present work is, therefore, an
endeavour to find out a metrical me-
thod for demonstrating sexual diffe-
rences in a mixed collection of
human atlas and axis vertebrae.

Egypt. J. Anat.,, Vol. 2, 27 - 38 (1979).

MATERIALS AND METHODS

Series of 138 atlas and 136 axis
vertebrae of unknown sex and be-
longing to adult contemporary
Egyptians were collected for the
present study from tombs with
mass burial. The following measure-
ments were taken in these vertebrae
using @ sliding caliper :

Atlas vertebrae :

— The maximal distance between
the tip of the right and left trans-
verse processes (TA).

— The maximal distance between
the outer borders of the right
and left superior articular pro-
cesses (SA).

— The minimal distance between
the anterior ends of the right
and left superior articular pro-
cesses (MA).

— The transverse diameter of the
vertebral foramen between the
medial edges of the right and left
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superior articular facets oppo-
site the tubercles for the attach-
ment of the transverse ligament
of the atlas (TT).

—- The maximal distance bhetween
the outer borders of the right
and left inferior articular proces-
ses (IA).

Axis vertebrae :

— The maximal distance between
the tips of the right and left-
transverse processes (TX).

— The magximal distance between
the outer borders of the right
and left superior articular pro-
cesses (SX).

— The minimal distance between
the anterior ends of the right
and left superior articular pro-
cesses (MX).

— The maximal distance bhetween
the outer borders of the right
and left inferior articular pro-
cesses (IX).

In addition, for the purpose of
comparison, the maximal breadth
of the foramen magnum was Imea-
sured in 146 skulls which were col-
lected from the same tombs along
with the vertebrae examined. The
whole material, therefore, could be
presumed to belong to fhe same
group of individuals. The total num-
ber of skulls collected was 170, but
only 146 skulls were found suitable
for taking such measurements.
These skulls were sexed by anato-

mical appreciation and were found
to be 77 males and 69 females.

All measurements were taken to
the nearest millimetre, and there-
from necessary graphs were con-
structed.

RESULTS

The graph for the bitransverse
diameter of the atlas vertebrae
reveals two peaks at 71—72 mm and
7T—18mm with a depression in bet-
ween the two peaks at 73—74 mm
(fig. 1a). Analysis of the frequency
of vertebrae at the site of the de-
pression between the two peaks
shows the bitransverse diameter of
75m in 13 cases, 73mm in 6 cases
and 76 mm in 9 cases. The graph
for the bitransverse diameter of the
axis vertebrae also shows two main
peaks at 48—49 mm and 56--5Tmm,
in addition to a smaller interme-
diate peak at 52——53 mm (fig. 1 b).
Herein, the frequency of cases at the
site of the intermediate peak shows
the bitransverse diameter of 52 mm
in 13 vertebrae, 51 mm in 5 verte-
brae and 53 mm in 9 vertebrae.

Furthermore, the atlas vertebrae
lying opposite the bitransverse dia-
meter of 75 mm had the measure-
ments between the outer borders of
their inferior articular processes
(IA) ranging between 40 mm and
47 mm with the median value in
between 43 mm and 44 mm. These
findings are also obtained for the
measurements bhetween the outer
borders of the superior articular
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processes of the axis vertebrae (5X)
lying opposite the bitransverse dia-
meter of 52—53 mm.

Comparison between atlas vertebrae
and skulls :

The graphs in respect of the
measurements taken on the atlas
vertebrae and the foramen magnum
show that the females are always
smaller in their measurements than
the males, and consequently they
are shifted more to the left side of
the graphs. The difference hetween
the number of males and females on
either side of the graph is taken as
a criterion for comparison. The
point of intersection between the
male and female curves is the limit
between the two sides of the graph.
The difference reveals an excess of
15 females on the left side and 34
males on the right side of the graph
for the distance between the outer
borders of the right and left super-
ior articular processes of the atlas
vertebrae (fig. 2). In the graph for
the distance representing the trans-
verse ligament of the atlas vertebra
(TT) the difference shows an excess
of 14 females on its left side and 33
males on its right side (fig. 3b). As
regards the foramen magnum
breadth of the skulls examined, the
difference reveals an excess of 22 fe-
males and 30 males on the left and
right sides of the graph respectively
(fig. 3a).

It is also noticed that the two
peaks of the measurements of the
foramen magnum breadth of the

male skulls lie at 30 mm and 32 mm
while the two peaks of the distance
representing the transverse ligament
of the male atlas vertebrae (TT) are
present opposite 26 mm and 28 mm.
The difference between the two
peaks in each graph is only one
point of 2 mm.

Comparison between atlas and axis
vertebrae

The graph for the distance bet-
ween the outer borders of the right
and left inferior articular processes
of the atlas shows an excess of 37
females on the left side of the graph
and 58 males on its right side (fig. 4
b). Similarly, the dimension bet-
ween the outer borders of the right
and left superior articular processes
of the axis vertebrae demonstrates
a difference of 39 females and 67
males on the left and the right sides
of the graph respectively (fig. 4a).
It is obvious that the amount of
difference between both sexes on
either side of each of these graphs
is marked, and consequently the
overlap is lesser than the cor-
responding - Terence recorded for
the graph of the foramen magnum
breadth or that for the distance
between the outer borders of the
superior processes of the atlas ver-
tebae. The arithmatic mean of the
distance between the outer borders
of the inferior articular processes
of the atlas is found to be 46.54 mm
in males and 4294 mm in females.
These results are nearly equal to the
means obtained for the distance bet-
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ween the outer borders of the super-
ior articular processes of the axis
which are 46.46 mm for males and
42.28 mm for females (table 1).

The degree of difference between
the male and female means varies
from one measurement to the other
in both atlas and axis vertebrae.
This is clear from the results of ap-
plication of the «t-test» which de-
monstrates that the most significant
difference exists for the bitrans-
verse diameter of both the atlas and
axis vertebrae as well as for the
maximum distance hetween the
outer borders of the inferior arti-
cular processes of the axis verte-
brae. However, the distance bet-
ween the anterior ends of the super-
ior articular processes of the atlas
and the corresponding distance bet-
ween the superior articular proces-
ses of the axis have the least signifi-
cant sexual difference (table 2 and
figs.b a &b).

DISCUSSION

It is a common anatomical ex-
perience that the male bones, in ge-
neral, are larger in size than the cor-
responding female bones. The pre-
sent authors, therefore, expected
likely manifestations of sexual diffe-
rence in the bitransverse diameters
of the atlas and axis vertebrae. It
was deduced from the graphs made
for these diameters that each peak
represented the mode of either the
male or the female measurements
with the site of overlap lying oppo-
site 75 mm for the atlas and at 52—

53 mm for the axis vertebrae. Bor-
derline cases between males and
fernales were sorted out as males or
females according to the measure-
ments taken between the outer bor-
ders of the inferior articular pro-
cesses of the atlas or those between
the outer borders of the superior
articular processes of the axis ver-
tebrae. In respect of the measure-
ments that have been already men-
tioned, the borderline cases of both
the atlas and the axis vertebrae
showed a range of 40 - 47 mm with a
median value lying between 43 mm
and 44 mm,

Accordingly, it was assumed
that an atlas vertebra might be
identified as a male vertebra if it
possessed a bitransverse diameter
larger than 75 mm and as a female
vertebra if this diameter was less
than 7bmm. In case the bitransverse
ciameter was borderline i.e., equals
75 mm, the atlas was considered as
2 male one if the distance between
the outer borders of its inferior ar-
ticular processes was 44mm or
more; and as a female one if it
was less than 44 mm. Likewise, an
axis vertebra was sexed as a male if
its hitransverse diameter exceeded
33 mm and as a female if it was less
than 52 mm. An axis vertebra hav-
ing a bitransverse diameter of 52 or
53 mm was identified as a male
when the distance between the outer
horders of its superior articular
processes was 44 mum or more, and
as a female when it was less than
44 mm.
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Sexing atlas vertebrae by the
above-mentioned method resulted
in a sex ratio very close to the ratio
obtained for the axis vertebrae as
well as for the skulls examined, all
of which belonged to the same indli-
viduals. This result revealed absen-
ce of significant difference between
the metrical method used in sexing
the vertebrae and the descriptive
method applied in sexing the skulls.

Another evidence that substantiat-
ed the validity of the present me-
thod of sexing came from the simi-
larity in the patterns of the male
and female curves as seen in the
graphs for the foramen magnum
breadth and those for the atlas
vertebrae. A further support was
obtained from the fact that inspite
of the difference in the length of
the bitransverse diameters of the
atlas and the axis vertebrae and con-
sequently both the vertebrae being
sexed differently, the arithmatic
mean of the diameters between the
otuter borders of the inferior arti-
cular processes of the male atlas
vertebrae was found equal to that of
the corresponding diameters bet-
ween the superior articular proces-
ses of the male axis vertebrae. The
same results were also found for
the female groups of both tvpes of
vertebrae. However, the diameter
between the outer borders of the in-
ferior articular processes of the
atlas has been found, in a previous
work, to be nearlv eanal tn the dia-
meter between the outer borders

of the superior articular processes
of the axis vertebra belonging to the
same individual (Gaballah et al,
1978). Obviously, any error in sex-
ing either group of atlas and axis
vertebrae would have resulted in a
marked difference between the res-
pective means.

Comparison with the results given
by Francis (1955) on the cervical
vertebrae of American whites and
Negroes, whose sex was known
frormn the records, revealed much
resemblence with the present find-
ings. The Egyptian material, how-
ever, possessed an intermediate po-
sition between the two American
groups. Cyriax (1920) has provided
measurements of an unsexed series
of cervical vertebrae but he stated
that «the greater number of bones
were from male subjects». The data
of Cyriax for the bitransverse dia-
meter (78.07 mm for the atlas and
54.49 mm for the axis) were found
very close to those recorded for
the present male vertebrae. The
present observations corroborated
those of Cyriax (1920) and Francis
(1955), and this might be regarded
28 an additional support for the
validity of the metrical method of
study in sexing the upper two cer-
sexing the upper two cervical ver-
tebrae,

It has been demonstrated that not
every measurement showed the
same degree of sex difference. This
was clearly evident in case of the
bitransverse diameter which reveal-
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ed the maximal sex difference, wher-
eas the distance between the anter-
ior ends of the superior articular
processes showed the least signi-
ficant sex difference. Consequently,
the bitransverse diameter will show
the least overlap between sexes and
an attempt was made to calculate
the degree of this overlap. The
ranges reported by Francis (1955)
on a material with definitely known
sex were used for this purpose. It
was concluded that 64% of the atlas
and 55% of the axis vertebrae show-
ed the same measurement of the
bitransverse diameter in males as in
females. Therefore, it remains only
about 36% of the atlas and 45% of
the axis vertebrae that lie outside
the limits of overlap between males
and females and could be sexed
with a higher degree of confidence.
This was attained by applying the
confidence interval of the computed
mean (mean X three times its
standard error).

As far as the present material is
concerned, it is most probable for
an isolated atlas vertebra to be sex-
ed male if it possesses a bitransver-
se diameter of more than 80.20 mm,
or sexed female if the diameter is
less than 71.09 mm. Likewise. an
axis vertebra may be diagnosed as
a male if its bitransverse diameter
is more than H6.86 mm or as a fe-
male if it is less than 49.32 mm.

SUMMARY

A series of atlas and axis vertebrac be-

longing to human subjects of unknown
sex was collected for the determination
of their sex by a metrical method. This
method was based on the consideration
of the bitransverse diameter and the
maximal distance between the articular
processes, Graphs as well as statistical
parametlers of the data for each sex were
provided. It was concluded that an atlas
vertebra could be sexed male if its bit-
rasverse diameter exceeded 80.20 mm or
be a female if it was less than 71.09 mm,
Using the same measurement, an axis
vertebra could be a male if its bitrans-
verse diameter exceeded 56.86 mm or a
female if it was less than 49.32 mm.
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TABLE 2

Significance of differences hetween both sexes

using «t-test» at p=0.05

Diameters

Diameters

of atlas t-test of axis totest
TA 16.1 (IL.S.H) X 15.6 (H.S)
MA 2.7 (J8) MX 22 (J.8)
IA 9.7 (H.S) IX 9.8 (H.S.)
SA 3.8 (3) SX 12.3 (H.S.)

Fig.

Fig.

Big.

Fig.

Fig.

H.S. = highly significant difference.

J.8. — Just significant difference.

(1

(1

(2)

(3

§. — Significant difference.

EXPLANATION OF FIGURES

A graph for the maximal
bitransverse ¢vamefer (TA)
of the atlas vertebrae of both
sexes mixed logether.

a)

A graph for the maximal
bitransverse diameter (TX)
of axis vertebrae of both
sexes mixed iogether.

b)

A graph for the maximal dis-
tance between the outer horders

of the right and left superior
articular processes (8A) of atlas

vertebrae.

A graph for the breadth of

the foramen magnum.

a) :

by : A graph for the transvcrse
diameter of the vertebral
foramen between the me-
dial edges of the right and
left superior articular

Fig. (4 a)

Fig. (4 b) :

Fig. (5 a) :

Fig. (5 b) :
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facets (TT) of atlas verte-
brae.

. A graph for the maximal dis-

tance between the outer bor-
ders of the right and left su-

perior articular processes of
the axis vertebrae (5X).

A graph for the maximal
distance between the outer
borders of the right and left

inferior articular processes of
atlas vertebrae (IA).

A graph for the minimal
distance between the anter-
ior ends of the right and left
superior articular processes
of axis vertebrae (MX).

A graph for the minimal
distance between the anter-
ior ends of the right and left
superior articular processes
o. atlas cerisbrae (MA).
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