J Forensic Sci, November 2008, Vol. 53, No. 6
doi: 10.1111/§.1556-4029.2008.00855.x
Available online at: www.blackwell-synergy.com

John Albanese," Ph.D.; Greg Eklics,' B.A. [H]; and Andrew Tuck,' M.A.

A Metric Method for Sex Determination

Using the Proximal Femur and
Fragmentary Hipbone*:

ABSTRACT: The pubic bone is considered one of the best sources of information for determining sex using skeletal remains, but can be easily
damaged postmortem. This problem has led to the development of nonpelvic methods for cases when the pubic bone is too damaged for analysis.
We approached this problem from a different perspective. In this article, we present an approach using new measurements and angles of the proximal
femur to recreate the variation in the pubic bone. With a sample from the Terry Collection (n > 300), we use these new variables along with other
traditional measurements of the femur and hipbone to develop two logistic regression equations (femur and fragmentary hipbone, and femur only)
that are not population specific. Tests on an independent sample (Grant Collection; n = 37-40) with a different pattern of sexual dimorphism resulted

in an allocation accuracy of 95-97% with minimal difference by sex.
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The pelvis is usually the first choice for information when deter-
mining sex using human skeletal remains because of the sexual
dimorphism related to the morphology of the birth canal. The pubic
bone in particular has been used exclusively and in conjunction
with other skeletal elements for sex determination using both metric
and morphological approaches (1-12). Unfortunately, the pubic
bone is highly susceptible to damage in both archeological and
forensic contexts. Both taphonomic factors and poor recovery tech-
niques may result in the loss of information. In contrast, the femur
is @ much more robust bone and less susceptible to damage. Much
of the discriminatory power of the pubic bone is due to dispropor-
tional growth in the symphyseal end of the pubic bone in females.
This growth in females accounts for the Phenice (3) characteristics
(13,14), and for the relatively longer pubic bone in females which
is relevant for metric approaches (12). Sexual dimorphism in the
pelvis is due to different selection forces acting on each sex. Some
studies indicate that bipedal locomotion is most efficient with the
femora directly below the pelvis (see 15,16). However, in direct
contrast, there has been selective pressure on females to maximize
the diameter of the birth canal to successfully deliver large brained
babies, and thus, push the femora apart at the hips (15,16). The
evolutionary compromise in females between these two competing
forces is visible in the angle and length of the femur neck.

Because of this relationship between the length of the pubic bone
and the anatomy of the proximal femur, in this article, we present
an approach for reconstructing variation in the pubic bone using
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the proximal femur. We use a series of measurements to assess the
size and angle of the femur neck, which are functionally related to
the length of the pubic bone. We use these new measurements and
angles, along with traditional measurements of the hipbone and
femur to develop two methods for determining sex. One method
can be applied in cases where only the proximal femur is recov-
ered. However, information about the pubic bone (whether directly
collected or indirectly assessed) is most useful for determining sex
when used in conjunction with other skeletal elements (1,12).
Therefore, the second method we developed can be applied in
cases where the recovered skeletal elements include a proximal
femur and a hipbone with damaged pubic bone. We test both meth-
ods using an independent sample from a different collection not
used to develop the methods. In contrast to other metric
approaches, we follow the methodology described by Albanese
(12) and develop metric methods that are not population specific.

Materials and Methods

Despite the sexual dimorphism in the neck of the femur, most
methods involving the femur have relied on measurements of the
femur head for sex determination when the pelvis and cranium are
not recovered (17-22). An exception is the work of Purkait (23)
who presented a sex determination method using the proximal
femur with allocation accuracies ranging from 81% to 87%. At
least as good or better allocation accuracies are possible with much
simpler univariate population-specific methods for fragmentary
femora that use a measurement of shaft or the femur head, respec-
tively (24). Furthermore, the Purkait (23) method suffers from seri-
ous limitations that stem directly from the methodology used to
develop most metric sex determination methods. A widely accepted
but erroneous view has been and continues to be that morphologi-
cal methods can be applied across populations while metric meth-
ods are population specific. Several studies have shown that, in
fact, this is not the case. Comprehensive testing of morphological
indicators strongly suggests that they are not necessarily applicable
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across populations or at the very least lower allocation accuracies
should be expected (25-27). At the same time, it is possible to
design highly accurate and reliable metric methods that are applica-
ble across populations (12,28-32).

In this article, we use an alternative methodology for developing
sex determination methods designed and used successfully by
Albanese (12) to develop various metric sex determination methods
that have high allocation accuracies but are not population specific.
Details are available in a previously published source (12) and are
summarized here. The essential elements to the methodology
include tests of the reproducibility of measurements, a focus on
biologically (rather than just statistically) meaningful combinations
of variables that can be applied to realistic taphonomic and recov-
ery situations, an alternative robust statistical approach (logistic
regression), and an independent test of the method. However, the
key to the approach is that the reference sample used to develop
the method is selected to include a wide range of human variation.
Thus, the greater the variation sampled by the reference sample,
the greater the applicability of the method. In the past, human skel-
etal variation has been discussed in the context of racial categories
or continental origin. However, various studies confirm that human
variation does not cluster into racial groups or continental origin
and that “race” accounts for very little of the genetic or phenotypic
variation in humans (12,33-45). For this research, a racial approach
is avoided. Instead, a wide range of human variation is sampled
using age at death and year of birth criteria (see 12 for details).
The clear advantage of this approach is that metric methods may
be applied in various forensic and archaeological situations when
individuals are recovered without any context. There is no need to
allocate an individual to a poorly defined group before deciding
which population-specific approach should be applied.

Data were collected from a sample of over 300 individuals
from the Terry Collection (see 46 for details about the collection).
The reference sample used to develop the methods is the same
Terry Collection sample used by Albanese (12). The method was
tested using a sample (n = 37-40) from the Grant Collection. The
Grant Collection is an identified reference collection curated at
the University of Toronto (Toronto, ON, Canada) that was col-
lected following a very similar, strict protocol used by Robert
Terry and Mildred Trotter for the Terry Collection (47). As with
the Terry Collection sample, the sample from the Grant Collec-
tion was selected using age at death and year of birth criteria to
include a wide range of human variation. Several standard mea-
surements including hipbone height, iliac breadth, and maximum
diameter of the femur head were collected by the first author
(2,6,7). Some sources recommend that spreading calipers be used
to measure the iliac breadth. Using an osteometric board was
found to be much quicker and easier while providing identical
results (12). New measurements of the femur neck were collected
by the second author. Data were collected from the left femur
except in cases where there was damage to the landmarks or the
bone was missing. In these cases, data were collected from the
right side.

Various traditional and newer options were explored to assess
the sexual dimorphism in length and angle of the femur neck
(2,23,48). The goal was to capture the variation in the proximal
femur with minimal measurement error. We set up trials to collect
and re-collect lengths and angles of the femur neck using previ-
ously published descriptions. With so much variation in this area of
the femur, we found it very difficult to locate landmarks consis-
tently. As a result of the problems with the previously published
methods, we developed three new measurements through a series
of trials. The new measurements are measured using sliding

FIG. 1—Landmarks for three new measurements of the proximal femur to
capture variation in size and angle of the femur neck.

calipers from the greater trochanter to the fovea capitis or GT to
FC; the greater trochanter to the lesser trochanter, or GT to LT;
and the lesser trochanter to fovea capitis, or LT to FC (see Fig. 1).

The GT to FC measurement is the distance from the most lateral
apex on the greater trochanter to the superior margin on the fovea
capitis. The fixed arm of the caliper should be placed on the most
lateral apex of the greater trochanter and the sliding arm of the cal-
iper should be placed on the superior margin on the fovea capitis.
The landmark on the femur head is generally easy to find. In cases
where there is lipping or a depression around the fovea capitis, the
landmark is on the superior margin of the lipping or the depression.
(see Fig. 2).

The measurement labeled GT to LT is measured from the land-
mark on the greater trochanter described above to the superior

FIG. 2—Location of landmark at fovea capitis.
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margin of the lesser trochanter. After measuring GT to FC, hold
the fixed end of the calipers at the GT landmark and pivot the cali-
pers to the LT landmark. The LT landmark is the most proximal
point on the dense compact bone around the base of the lesser tro-
chanter. Occasionally, this landmark may be difficult to see. In
these cases, changing the position of bone will help to locate the
landmark because this area of smooth, compact bone reflects more
light than the surrounding cortical bone.

The measurement labeled LT to FC is the distance between
landmarks on the lesser trochanter and the fovea capitis described
above. The new measurements were re-collected by the second
author from a subsample (n = 40) from the Terry Collection sam-
ple to assess intra-observer error. The sample was equally divided
between males and females. Intra-observer error was calculated in
millimeters,

Errorym = [M; — M|
and as a percentage,

Error |M1 —M2| x 100
%= 1.
M,

The measurement of GT to LT had the highest mean error,
1.99% (0.95 mm). The FC to LT measurement and the GT to
FC measurement had a 1.7% (1.2 mm) and 0.16% (0.15 mm)
error, respectively. Albanese (12) found that when determining
sex using metric approaches, misallocation is possible when mea-
surement error exceeds c¢. 2-2.5%. The intra-observer values for
all three measurements in the present study are below this
threshold.

Because the new measurements create a triangle on the proximal
femur, it is possible to assess size dimorphism in the length of the
neck as well as dimorphism in the angle of the neck. Using the
Law of Cosines, the angles of an oblique triangle can be calculated
when the lengths of the sides of a triangle are known. The general
equation is,

_1 b + ¢ — a2
2bc

where a, b, c represent the sides of the triangle and A, B, and C
represent the angles of the triangle; A is the angle opposite of
side a.

For the new measurements,

Agpgle = Cos

_, (GT to LT)*> + (GT to FC)> — (LT to FC)*

AGT = C
o8 2(GT to FC) x (GT to LT)

Where AGT is the angle at the landmark GT, and LT to FC is
the opposite side in the triangle. The result is a pool of vari-
ables including the standard measurements of the hipbone and
the femur head; the three new measurements of the proximal
femur; the angles at the three new landmarks; and various ratios
of lengths to angles.

Most multivariate metric sex determination methods use discri-
minant function analysis to calculate equations to predict sex
(8-10,19,21-23,49-62). In this study, logistic regression analysis
was used for several reasons. Generally, logistic regression per-
forms as well or better than discriminant function analysis with
fewer statistical assumptions when predicting dichotomous depen-
dent variables (63). Additionally, the logistic regression score or
p-value (always between O and 1) is used to classify an unknown
individual and also provides a probability value for the allocation.
Scores greater than (0.5 are classified as male and scores less than
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0.5 are classified as female. For example, a p-value of 0.92 would
classify the unknown individual as male (>0.5). Furthermore, given
the combination of variables for this individual, there is a 92%
probability that the individual actually is male. If discriminant func-
tion analysis was used, typicality and posterior probabilities would
have to be determined post hoc to calculate a probability value.
Detailed description of logistic regression and comparisons with
discriminant function analysis are available elsewhere (11,12,63).

Results and Conclusion

Two scenarios were considered when determining sex where the
pubic bone was too damaged for analysis. In the first scenario, a
femur and a hipbone with a damaged pubic bone recovered. In a
case where the femur and hipbone are recovered and the pubic
bone is intact, we direct the reader to the method developed by
Albanese (12). In the second scenario, only the proximal femur is
recovered and can be analyzed.

Regardless of the scenario, three ratios of new measurements
and angles consistently contributed in a significant way to maxi-
mizing allocation accuracy: ratio of Angle GT divided by the
length from GT to FC, ratio of Angle LT divided by maximum
diameter of femur head, and ratio of Angle LT divided by the
length from LT to FC. The ratios, rather than just the angle, are
significant predictors of sex for several reasons. As the new mea-
surements form a triangle on the proximal femur, a larger individ-
ual may have a larger triangle with no measurable change in the
angles of the triangle. The angle data become most relevant when
considered relative to the length of the femur neck and the dia-
meter of the femur head.

The three ratios mentioned in the previous paragraph along with
the angle of the neck at the GT landmark provided the best results
for the scenario where only the proximal femur was used. The allo-
cation accuracy was 90.6% overall with 2.3% difference among
sexes for the Terry Collection sample used to develop the method.
For the independent Grant Collection test sample, the overall allo-
cation accuracy was 95% with 0.5% difference in allocation accu-
racy for males and females. In the alternative scenario when
measurements of the hipbone were also available for analysis, the
allocation accuracy was 95% overall with virtually no difference in
allocation accuracy for males and females for the Terry Collection
sample used to develop the method. For the independent Grant
Collection test sample, the overall allocation accuracy was 97%
with 3.2% difference in allocation accuracy for males and females.
Allocation accuracies for both methods for each sex and collection
are presented in Table 1. The coefficients for the equations are pre-
sented in Table 2.

At first glance, this method seems to be more complex than nec-
essary. Methods have been published with good allocation accura-
cies using only the femur head. Although the femur head is an
excellent univariate discriminator for determining sex, a sectioning
point using the femur head would be sample specific. If a large
sample (n > 40) is available in an archaeological context, we draw
the reader’s attention to the approach described by Albanese et al.
(24) for determining sample-specific univariate and multivariate
sectioning points for determining sex. In contrast, the methods pre-
sented in this article are ideal for a situation where one or a few
isolated individuals are available for analysis in archaeological or
forensic cases with little or no context. One of our new ratios
includes data from the highly sexually dimorphic femur head, while
the neck length and neck angles help to reconstruct variation in the
pubic bone. Because the femur head data are included as a ratio,
we can control for size variation across different groups without
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TABLE 1—Allocation accuracies for logistic regression equations, over all and by sex for each collection.

Terry Collection*

Grant Collection’

Females Females
Total Correct Correct Males Correct Total Correct Correct Males Correct
Method n* % n % % n* % n % n %
Femur only 312 89.4 144 88.3 135 90.6 40 95.0 20 95.2 18 94.7
Femur and Hipbone 302 95.0 149 94.9 138 95.2 37 97.0 16 93.8 19 100
*Used to develop equations.
1:Independent sample used only to test equations.
*Sample size varied because of missing data.
TABLE 2—Coefficients for logistic regression equations.*
Measurements Angles Ratios
Hipbone Height Iliac Breadth AGT' AGT/GT to FC* ALT/Femur head* ALT/LT to FC" Constant
Femur 1.084 —-0.804 -0.163 0.223 -6.217
Femur and Hipbone 0.151 —-0.381 1.3 -1.136 -0.215 0.229 39.280

*A spreadsheet is available for download from the first author’s website (http://www.uwindsor.ca/users/a/albanese/Main.nsf/) to simplify the calculation of
the angles, ratios, and p-value. Researchers will only have to collect the three new measurements, and the three standard measurements and enter them in the

spreadsheet.
fAngle at landmark GT.

*AGT/GT to FC x 100 = Angle at landmark GT (AGT) divided by length of GT to FC, multiplied by 100.
SALT/Femur head diameter X 100 = Angle at landmark LT (ALT) divided by the maximum diameter of the femur head, multiplied by 100.
YALT/LT to FC x 100 = Angle at landmark LT (ALT) divided by the length of LT to FC, multiplied by 100.

losing data related to sexual dimorphism in size. As the tests using
the Grant Collection sample indicate, the methods work as well or
better when applied to an independent sample. There is no need to
determine population, ancestry or ‘“‘race” before applying a sex
determination method.

Despite some similarities between the Grant Collection and Terry
Collection (see 46,47), there are some important differences between
the Terry Collection sample used to develop the method and the
Grant Collection sample used only to test the method. Using one-
way ANOVA with the Tukey HSD (honestly significant difference)
post hoc test, we looked for differences in size and patterns of
sexual dimorphism in the samples from the two collections using
maximum femur length, hipbone height and iliac breadth. The
femur length is a good indicator of height and overall size, while
the two pelvic dimensions provide information about overall pelvis
size. These measurements allow for a comparison of pelvis size to
body size for each sex in each collection. The Tukey HSD test was
used because it classifies groups into homogeneous subsets.

The results of this analysis indicate that there is a different com-
plex pattern of sexual dimorphism in each of the samples from the
two collections. For the femur length, each sex-collection group
forms a statistically different homogeneous subset: Grant Collection
females are significantly shorter than all Terry Collection females
and all males; Terry Collection females are significantly taller than
Grant Collection females but significantly shorter than all males;
Grant Collection males are significantly taller than all females and
significantly shorter than Terry Collection males; and Terry Collec-
tion males are significantly taller than all females and Grant Collec-
tion males. For the hipbone height, there are three homogeneous
subsets: females from both collections; males from the Terry Col-
lection; and males from the Grant Collection. For the iliac breadth,
the groups are classified into only two subsets: Terry Collection
females, Grant Collection females, and Terry Collection males; and
Grant Collection males. In summary, the Terry Collection sample

is on average taller than the Grant Collection sample for each sex.
However, the Grant Collection males have significantly larger pel-
vic dimensions. There are two different complex patterns of sexual
dimorphism in the samples from each collection but the methods
presented in this article consistently perform very well on the
indenting sample from the Grant Collection.

When looking at the range of variation in the samples from the
two collections, in all but one instance, the entire Grant Collection
male sample falls within the range of the Terry Collection male
sample, and the entire Grant Collection female sample falls within
the range of the Terry Collection female sample. The one exception
is hipbone height where one Grant Collection male falls just out-
side the Terry Collection male sample for this variable. Previous
metric methods have failed when applied to unknown and unclassi-
fiable individuals because they violate basic statistical assumptions.
Methods should not be used for predictive purposes on individuals
who fall outside the range of the reference sample used to develop
the method (63). The sampling methodology that drew on age at
death and year of birth criteria used to select the reference sample
was highly effective in sampling a wide range of human variation,
and including outliers allowed us to expand the applicability of the
method. This approach did not sample variation in the Terry Col-
lection. Rather, with this approach we were able to sample a wide
range of human variation through the Terry Collection.

Following the methodology described by Albanese (12), we were
able to develop metric methods for sex determination with high
allocation accuracies that are not population specific. Testing on an
independent sample confirms this conclusion. This metric method
works independently of size on large and small individuals without
losing useful information about sexual dimorphism in size. The
method presented in this article may at first glance appear overly
complicated due to the number of calculations involved. We
attempted to keep the method as simple as possible without com-
promising its utility as a method that is not population specific.
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Any further simplification would have a negative impact on the
utility of the method. To overcome any issues related to calcula-
tions required for this method, a spreadsheet is available for down-
load from the first author’s website (http://www.uwindsor.ca/users/
a/albanese/Main.nsf/) to simplify the calculation of the angles,
ratios and p-values. Researchers will only have to collect the three
new measurements and the three standard measurements using
basic osteometric equipment (spreading calipers and osteometric
board) available to any researcher working with human skeletal
remains, and enter or paste the data into the spreadsheet to deter-
mine sex for individual cases and for large samples.
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