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Abstract The discriminant power of bone volume for de-
termining sex has not been possible to determine due to the
difficulty in its calculation. At present, new advancements
based on 3D technology make it possible to reproduce the
bone digitally and calculate its volume using computerized
tools, which opens up a new window to ascertaining the
discriminant power of this variable. With this objective in
mind, the tali and radii of 101 individuals (48 males and 53
females) of a contemporary Spanish reference collection
(twentieth century) (EML 1) were scanned using the Picza
3D Laser Scanner. Calculated for the tali were total volume,
the volume of the posterior region, which includes the
posterior calcaneal facet and other three volumes of the
anterior region. Calculated for the radius were total volume,
volume of the radius head, volume of the diaphysis, and
volume of the distal end. The data are presented for all of the
variables, distinguishing between the right and left side. The
data were processed using the statistical program PASW
Statistics 18, thereby obtaining classification functions for
sex which accurately classify 90.9 % of tali and 93.9 % of
radii on the basis of their total left and right volume, respec-
tively. Studying the volume in different regions of the bone
shows that the diaphysis of the right radius possesses a high

level of discriminant power, offering classification functions
which accurately classify 96.9 % of the sample. The valida-
tion test performed on a sample of 20 individuals from
another contemporary Spanish reference collection (EML
2) confirms the high discriminant power of the volume
obtaining an accurate classification rate of 80–95 % depend-
ing on the variable studied.

Keywords Talus . Radius . Volume . 3D scanner .

Discriminant power

One of the main objectives of forensic anthropology is to
determine the sex of bone remains which are subjected to
study. Because bones are not always available which pro-
vide a high discriminant power, such as the pelvis or skull,
new studies must be performed on the postcranial skeleton
in an attempt to find variables which make it possible to
determine sex with a greater rate of reliability. It is recom-
mendable to perform such studies on reference collections in
which the sex of the individuals is known. The bones chosen
to start this investigation have been the tali and radii. The
election has been based on the size and morphology of the
bones thinking of the characteristics of the 3D scanner and
the difficulties that could appear during the scan process
because of the irregular morphology of the bone.

The reports published to date offer classification func-
tions based on linear measurements for these two bones and
for different populations [1–5]. The discriminant power of
weight on the talus has also been studied but has proven not
to be very reliable in determining sex [6]. Cranium volume,
on the other hand, has undergone widespread study, using a
varied methodology [7–14], with an emphasis on the inter-
est in establishing differences between the many species of
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hominids [15, 16], and on variability within populations
[17]. More recently, there was a notable study of correla-
tions between the different volumes of cranial regions and
face size [18], as well as studies on differences in volumes
among different regions of the brain based on sex [19]. As
for the bone volume studies on the postcranial skeleton, the
purpose with which they have been performed is variable,
with an emphasis on the interest in clinical practice to
observe anomalies during growth [20] or to observe volume
differences in the articulation cartilage based on sex [21,
22]. Also important are the studies which include new
methodologies to evaluate the discriminant power of certain
bones and regions; methods based on digital radiometric
studies [23], lateral cephalometric studies [24], or morpho-
metric analysis of digital photographs [25]. In terms of the
specific analytical studies on sexual dimorphism using 3D
imaging, one of the most noteworthy is the work by Sholts
et al. (2010) completed on craniums [26], while on the
postcranial skeleton the most notable are the studies based
on geometric morphometrics [27, 28]. In accordance with
these last lines of research based on 3D imaging and due to
the lack of studies which quantify the discriminant power of
bone volume in determining sex on the basis of bones in the
postcranial skeleton, a first study on the talus and radius
bones was performed by calculating their volume in a sam-
ple taken from a contemporary Spanish reference collection
(twentieth century) (EML 1).

Volume is a scalar magnitude defined as the space
occupied by a body. There are different methods to
calculate volume, but those that could be used for this
study are the ones which can be applied to irregular
objects because both the radius and the talus possess
an irregular morphology. Under such conditions, one of
the methods which may be used is to calculate their
volume by fluid displacement. This method is based on
Archimedes’ principle, which establishes that if a body is
partially or fully submerged in a fluid, the fluid exerts a
force up towards the body which is equal to the weight
of the fluid displaced by the body [29]. When the bone
is introduced into a graduated vessel containing water,
the increase in the level of the liquid would make it
possible to determine the object’s volume by subtraction.
The disadvantage in using this method on bone is that,
because it is porous, the bone absorbs a part of the
water, and there would be an increase in inaccuracy
when calculating the volume because, in addition to the
displaced volume, it would be necessary to bear in mind
the volume of water absorbed by the bone. In addition to
all of the aforementioned difficulties is the limitation of
the vessel’s volumetric scale. At present, considering the
possibility of performing 3D scanning of bone and taking
advantage of the tools offered by 3D programs, which
include the calculation of volume, three-dimensional

scanning was performed on the whole sample of tali
and radii originating from a contemporary Spanish refer-
ence collection (EML 1), thereby making it possible to
calculate the volume of 3D reproductions. On the basis
of these 3D reproductions, it is not only possible to
calculate the total volume of the bone but also to calcu-
late the volume of certain anatomical regions, with the
ability to study the extent of their sexual dimorphism.
Not always is it possible to recover the bone on a good
state of preservation, and some parts could be missed so
having classification functions based on certain regions
could be useful to determine sex. Also calculated were
the volumes of the radius head, the diaphysis and its
distal end, whereas three volumes of the anterior region
were obtained in the talus, as well as the volume of the
posterior region. The election of the regions has been
based on the facility to identify and connect the points to
perform the divisions on the image.

Sample

The study sample originates from a contemporary Span-
ish reference collection (twentieth century; EML 1) of
the School of Legal Medicine of Madrid (UCM) made
up of 130 individuals born between the years 1881 and
1973 in different Spanish regions and died between the
years 1975 and 1985. The distribution of the sample by
sex and side is shown in Table 1. Of these 130 individ-
uals, the tali of 98 individuals (47 males and 51 females)
were recovered, as well as the radii of 77 individuals (38
males and 39 females). A total of 179 tali (81 paired
right and left, 10 unpaired right, and 7 unpaired left) and
a total of 127 radii (50 paired right and left, 16 unpaired
right, and 11 unpaired left) were 3D scanned. The study
sample only includes those bones whose sex is known
and which are in a good state of preservation. Those
which are altered, whether due to taphonomic or patho-
logical processes, were not included in the study. The
number of radii is lower than the tali because several of
them were excluded due to the bad state of preservation
of the radius head.

Table 1 Distribution of
the tali and radii sample

M number of males, F
number of females

Tali Radii

M F M F

Paired R–L 38 43 24 26

Unpaired R 7 3 8 8

Unpaired L 2 5 6 5

Total 47 51 38 39
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Methodology

The sample was scanned with a PICZA 3D Laser Scanner
(made by Roland). It is a closed scanner (528×431×
742 mm) with a rotating platform inside, which is accessed
by way of a front door. The item to be scanned is placed on
the platform, and a 600–700-nm wave laser is projected
from the right side. The program that comes with this
scanner is Dr.Picza3, in which the different orientations are
displayed. Depending on the shape of the bone, the rotating
scans are combined with the slice scans so as to be able to
scan the bone in its entirety. The rotating scans are produced
by the complete rotation of the platform where the item is
placed, while the laser reads the surface of the object from
the bottom to the top. On the slice scans, the platform
realizes a slight movement which only allows scanning the
part of the object which is in front of the laser. The desired
distance between points must be selected within the resolu-
tion offered by the scanner. For the case at hand, the range is
from 0.2 to 1 mm. The lesser the distance, the greater the
precision the image will have and the longer the scanning
time will be. For the study sample in this study, a distance
between points of 0.4 mm was selected because this was
considered to be the optimal option in terms of quality/time.
The time needed to scan a talus ranges from 30 to 40 min,
and for a radius from 60 to 90 min. In order to scan the talus,
three scans were completed. In the first, the talus was placed
in a vertical position, with the head oriented towards the
platform, and a rotating scan was performed which made it
possible to image nearly the entire surface of the bone. In
the second scan, the talus was placed with its medial surface
resting on the platform and the base of the talus oriented
towards the laser. This made it possible to scan those areas
which were not visible in the prior scan. Last of all, a slice
scan was performed without changing the preceding orien-
tation in order to obtain an extra orientation of the inferior
part of the talus, due to the fact that it is especially irregular.
The product of each of the scans is a point cloud (Fig. 1).

No rotating scans were performed on the radius because,
due to the triangular cross section of the diaphysis, shadows
were created as the laser acted over the crest, and therefore,
the choice was made to perform four slice scans, placing the
bone in a vertical position, supporting it on the distal epiph-
ysis, and turning the bone 90° to the right in each new
orientation. By doing this, nearly all of the bone is scanned,
with the exception of the upper part of the proximal epiph-
ysis and the lower part of the distal epiphysis, the reproduc-
tions of which are obtained by performing a slice scan of
each.

The different orientations obtained (Figs. 2 and 4) were
merged using the program Pixform to obtain a complete
image of the bone (Figs. 3, 4, and 5). To merge two ori-
entations is necessary to find three points in common

between them. Once the merge is done, the program offers
an evaluation of the result: bad, good, or excellent; evalua-
tions worst than excellent are not accepted, and the merge
has to be repeated in these cases. The complete image was
then processed using the program Geomagic v10 to elimi-
nate dirt, fill in holes, smooth the surface and, last of all,
calculate the volume. The entire process was repeated on a
sample of 20 tali and 20 radii to calculate the total volume of
the new images and compare the results with the first ones.
A paired t test was performed to know the variation between
the two volumes to study possible variations produced dur-
ing the merging process and the image treatment.

Once the image was processed, the total volume and the
volume of each of the selected anatomical regions were
calculated, and a database was created using the statistical
program PASW Statistics 18, including a record of the sex
and volumes of each of the bones. For each individual, the
right and left bone volumes are included, provided that both
were existing in the collection. In order to determine wheth-
er there are areas in the bone which are more discriminant
than others, and for those cases in which the bone is incom-
plete, the volume of certain anatomical regions of the bone

Fig. 1 Point cloud of the talus

Fig. 2 Orientations of rotating and slice scans of the talus
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has been calculated. The program tool selected to accom-
plish that objective was “compute volume to plane,” and the
option chosen to align the plane was the line. The image is
divided into two by one plane, and the volume of each of the
plane’s divisions is calculated.

In the case of the talus, the first volume in the anterior
region (anterior volume 1) was obtained by positioning the
bone in a superior view and drawing a plane ahead of the
facies malleolaris medialis (point 2 Fig. 6 in the Electronic
supplementary materials (ESM)], and ahead of the anterior
distal edge of the trochlea of the talus (point 1 Fig. 6 in the
ESM). Both points always positioned on the talus neck. The
volume of the superior plane’s division is the one considered
(Fig. 7 in the ESM).

The second volume of the anterior region (anterior vol-
ume 2) was calculated by positioning the bone in an inferior
view and drawing a plane from the distal end of the facies
articularis navicularis (point 2 Fig. 8 in the ESM) to the
most posterior end of the medial calcaneal facet (point 1
Fig. 9 in the ESM), passing above the medial tubercle. The
volume of the superior plane’s division is the one considered
(Fig. 10 in the ESM).

The third volume of the anterior region (anterior volume
3) was calculated by positioning the bone in an inferior view
and drawing a plane from the distal end of the facies artic-
ularis navicularis (point 2 Fig. 8 in the ESM) at its medial
end (point 1 Fig. 11 in the ESM). The volume of the
superior plane’s division is the one considered (Fig. 12 in
the ESM).

The volume of the posterior region of the talus was
calculated by positioning the bone in an inferior view and
drawing a plane from the most anterior point of the posterior
calcaneal facet (point 1 Fig. 13 in the ESM) to the most
anterior point of the medial tubercle (point 2 Fig. 13 in the
ESM). The volume of the inferior plane’s division is the one
considered (Fig. 14 in the ESM).

For the radius, the volume of the head was calculated by
positioning the bone in a lateral position and drawing a
plane connecting the most lateral inferior points of the head
(point 1 and 2 Fig. 15 in the ESM). The volume of the
superior plane’s division is the one considered (Fig. 16 in
the ESM).

The volume of the distal end was calculated by position-
ing the bone in a lateral position and drawing a plane from
the point where the lateral and distal prolongation of the
radius begins (point 1 Fig. 17 in the ESM) to a point
positioned at the same height but at the opposite side of
the diaphysis (point 2 Fig. 17 in the ESM). The volume of
the inferior plane’s division is the one considered (Fig. 18 in
the ESM). The volume of the diaphysis is obtained by
calculating the difference between the total volume and the
volumes of the radius head and distal end.

The volumes of the different anatomical regions were
calculated twice with an interval of time of 2 months be-
tween measures. A paired t test was performed to verify if
there were statistically significant differences between the

Fig. 3 Assembled orientations of the talus

Fig. 4 Slice orientations of the radius

Fig. 5 Assembled orientations of the radius
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two measures to confirm they were taken correctly. The
divisions were repeated twice (with an interval of time of
1 week) on a sample of 20 tali and 20 radii by a second
observer, and a paired t test was performed to study the
variation between the two measures. The mean of the two
measures was calculated, and a paired t test was performed
to study the variation between observers.

Using the data obtained, a descriptive statistic was creat-
ed to ascertain the mean values of each of the variables. A
Kolmogórov–Smirnov test was performed to study the dis-
tribution of the sample. A paired t test was performed to
verify whether there were statistically significant differences
between the right and left side, and on what side the highest
values are found.

An independent two-sample t test was also performed to
verify whether statistically significant differences existed
between the two sexes and to be able to calculate classifi-
cation intervals and classification functions in the talus and
radius for each of the volumes. The classification intervals
are obtained by the exhaustive Chi-Square Automatic Inter-
active detector method where data are separated in intervals
on the basis of the best predictor of the dependent variable
(sex). Several intervals are calculated in each operation
before the most significant is selected. They are useful to
observe what percentage of the males and females in this
study sample is distributed among the different intervals.
The classification functions are calculated using Fisher’s
coefficients. A group of coefficients is obtained for each
group, and each case is classified on the group where it has
the highest discriminant punctuation. They offer the possi-
bility to classify sex giving a correct classification percent-
age based on the study sample.

Finally, a validation test including all classification func-
tions was performed on a sample of 20 individuals (10 males
and 10 females) taken from another contemporary Spanish
reference collection (twentieth century; EML 2) also located at
the School of Legal Medicine of Madrid and formed by 88
individuals (63 males, 23 females, and 2 unknown) born
between the years 1941 and 1976 and died in 1996.

Results

The results of the descriptive analysis of the sample are
shown in Table 2. For all of the variables, the mean values
are higher in males than in females, though there is an
overlapping range in which both sexes can be found.

The hypothesis that the sample did not follow a normal
distribution was rejected because of the results obtained on
the Kolmogórov–Smirnov test (p>0.05). Parametric tests
were then performed.

There were no statistically significant differences be-
tween the volumes calculated from the 3D image repetition

process of a sample of 20 tali and 20 radii and the ones
calculated first (tali, mean00.03, t00.815, p00.425/radii,
mean0−0.344, t0−1.242, p00.229).

There were no statistically significant differences
(p>0.05) between the two measures taken on each anatom-
ical region so the mean of both was calculated to minimize
the possible errors. No statistically significant differences
were found between the two measures taken by the second
observer (p>0.05), and no statistically significant differen-
ces were found between observers when comparing the
volumes calculated on the different anatomical regions on
a sample of 20 tali and 20 radii (Table 3).

In the case of females, the paired t test shows that
there are statistically significant differences depending
upon side for the anterior volume 1, the total volume
of the radius, the volume of the diaphysis, and the
volume of the distal end, with the values for the right
side being greater. In the case of males, there are statis-
tically significant differences depending on side for the
anterior volume 1, the total volume of the radius, and the
volume of the diaphysis, with the values for the right
side being greater. Because differences have been found
depending upon side for some of the variables, the data
are presented with differentiation between the right side
and left side.

The independent two-sample t test shows statistically
significant differences for each of the variables depending
upon sex, with the values for males being greater. These
differences make it possible to create intervals and classifi-
cation functions.

The classification intervals determine a series of optimal
intervals on the basis of which the sample is classified. The
results for the talus are shown in Table 4, and the results for
the radius in Table 5.

The classification functions are shown in Tables 6 and 7,
thereby complementing the results of the classification inter-
vals and making possible to determine sex adding a rate of
accurate classification. For the talus, classification functions
for total volume have been obtained which accurately clas-
sify 90.1 % of the sample for the right talus and 90.9 % for
the left talus. The total volume is the variable which offers a
higher correct classification percentage, followed by the
posterior volume.

For the radius, classification functions for total vol-
ume have been obtained which accurately classify
93.9 % of the sample for the right radius and 91.8 %
for the left radius. These results indicate that radius
volume is a good discriminant for sex and that sex
can be determined with a high degree of reliability,
exceeding the results achieved with the talus. The dis-
criminant power of the head is less than that of total
volume, but it must be taken into account in those cases
in which one only has this region of the bone available.

Int J Legal Med



The diaphysis volume and the distal end volume of the
right radius appear to be especially dimorphic offering
classification functions that accurately classify 96.9 and
95.5 % of the sample, respectively.

The results obtained on the validation test performed on a
sample of 20 individuals (10 males and 10 females) from
another Spanish reference collection (EML 2) are shown in
Table 8. The percentage of individuals correctly classified is
given for each variable, obtaining the same results for the
right and left side.

Discussion

The talus and radius bones in the postcranial skeleton were
selected to verify the discriminant power of the variable of

volume. When bone remains are recovered, the pelvis and
cranium are not always available for study, though their
morphological study makes it possible to determine sex with
a high rate of reliability. New studies on bones in the
postcranial skeleton are necessary to verify the percentage
of accurate classification which can be achieved on the basis
of the study variables, taking into account both the bone in
its entirety and in part, because bones are not always recov-
ered in the best state of preservation.

3D scanning of the sample makes it possible to
obtain a reproduction of the bone, which can be
accessed from any location and through which many
measurements can be taken. As a whole, they constitute
a digital library of great value that includes a digitized
copy of the original sample which is very useful if the
original is lost or deteriorates.

Table 2 Differences between
observers Talus, n020 Radius, n020

Observer
2–1

Anterior
volume 1

Anterior
volume 2

Anterior
volume 3

Posterior
volume

Head
volume

Diaphysis
volume

Distal end
volume

Mean −0.054 −0.223 −0.004 0.082 0.036 0.022 −0.058

t −0.524 −1.668 −0.064 0.553 1.087 0.203 −0.642

p 0.606 0.112 0.95 0.586 0.291 0.841 0.529

Table 3 Statistics describing the
talus and radius volumes (cubic
centimeter) in males and females
and side differences

aLevel of significance of the
paired t test to study side-based
differences

*p<0.05; **p<0.01

Male Female

Side N Mean SD pa N Mean SD pa

Talus

Total volume R 45 32.90 4.70 0.18 46 22.77 2.99 0.32
L 40 32.80 4.33 48 22.80 3.28

Anterior volume 1 R 45 6.83 1.19 0.004* 46 4.78 .71 0.01*
L 40 6.44 1.09 48 4.58 .71

Anterior volume 2 R 45 10.27 1.86 0.44 46 7.26 1.05 0.80
L 40 10.06 1.41 48 7.24 1.09

Anterior volume 3 R 45 6.62 1.55 0.61 46 4.68 .94 0.61
L 40 6.48 1.28 48 4.68 1.05

Posterior volume R 45 19.28 2.84 0.1 46 13.15 1.87 0.92
L 40 19.61 2.78 48 13.22 2.05

Radius

Total volume R 32 42.15 5.61 0.03* 31 26.7 4.07 0.002**
L 30 40.92 5.78 33 26.24 4.49

Head volume R 32 3.38 0.72 0.07 31 2.23 0.48 0.94
L 30 3.35 0.75 32 2.19 0.52

Diaphysis volume R 32 29.03 3.17 0.006** 31 17.86 2.97 0.007**
L 30 28.12 3.83 33 17.75 3.13

Distal end volume R 32 9.74 1.54 0.51 31 6.46 0.98 0.000**
L 30 9.43 1.59 33 6.29 1.22
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One must bear in mind the limitations of these tech-
niques when they are used because, among other issues,
the image quality is conditional upon the scanning qual-
ity, which in turn depends upon the scanner and the
selection of parameters performed by the professional
when scanning the bone. Although no statistically sig-
nificant differences have been found during the merging
and the image processing, it is important to do these
steps with the maximum possible precision. The fact
that no statistically significant differences have been
found between the two measures performed on the
different anatomical regions and between observers con-
firms that there is a low variability performing the
divisions, but it is necessary to take precautions with
the orientation of the bone and the positioning of the
points to minimize errors. The results obtained show a
high level of discriminant power for the variable of

volume in the talus and radius, with the ability to
accurately classify from 90.9 to 96.9 % of the sample,
the best results having been found using the radius.

Table 4 Classification intervals for talus volumes (cubic centimeter)

Talus Side Classification interval %Ma %Fb

Total volume R ≤24.921 2.8 97.2

(24.921–29.676) 47.4 52.6

>29.676 97.2 2.8

L ≤24.129 0 100

(24.129–28,526) 38.9 61.1

>28,526 94.3 5.7

Anterior volume 1 R ≤4.76 3.7 96.3

(4.76–5.135) 44.4 55.6

(5.135–5.82) 31.58 68.42

>5.82 94.4 5.6

L ≤5.52 13.2 86.8

>5.52 94.3 5.7

Anterior volume 2 R ≤8.31 11.1 88.9

>8.31 87 13

L ≤8.232 6.8 93.2

>8.232 84.1 15.9

Anterior volume 3 R ≤5.123 11.1 88.9

(5.123–5.805) 47.4 52.6

>5.805 88.9 11.1

L ≤4.96 5.7 94.3

(4.96–5.594) 50 50

>5.594 82.9 17.1

Posterior volume R ≤13.130 0 100

(13.130–17.265) 32.1 67.9

>17.265 100 0

L ≤16.02 2.3 97.7

>16.02 88.6 11.4

a Percentage of males on each interval
b Percentage of females on each interval

Table 6 Classification functions for talus volumes (cubic centimeter)

Talus Side Classification function %CCa

Total volume R 0.656(vol)–18.271>0 male 90.1
< 0 female

L 0.694(vol)–19.302>0 male 90.9
<0 female

Anterior volume 1 R 2.127(vol)–12.346>0 male 86.8
<0 female

L 2.279(vol)–12.563>0 male 88.6
<0 female

Anterior volume 2 R 1.323(vol)–11.601>0 male 85.7
<0 female

L 1.828(vol)–15.824>0 male 89.8
<0 female

Anterior volume 3 R 1.175(vol)–6.640>0 male 80.2
<0 female

L 1.348(vol)–7.522>0 male 79.5
<0 female

Posterior volume R 1.064(vol)–17.249>0 male 89
<0 female

L 1.098(vol)–18.025>0 male 89.8
<0 female

a Percentage of correct classified

Table 5 Classification intervals for radius volumes (cubic centimeter)

Radius Side Classification interval %Ma %Fb

Total volume R ≤32.661 0 100

>32.661 97 3

L ≤32.500 3.3 96.7

>32.500 93.5 6.5

Head volume R ≤2.648 12.5 87.5

>2.648 84.8 15.2

L ≤1.941 0 100

(1.941–2.816) 36 64

>2.816 87.5 12.5

Diaphysis volume R ≤22.884 0 100

>22.884 97 3

L ≤20.494 0 100

(20.494–24.397) 46.2 53.8

>24.397 100 0

Distal end volume R ≤7.498 6.1 93.9

>7.498 93.9 6.1

L ≤7.478 10 90

>7.478 87.1 12.9

a Percentage of males on each interval
b Percentage of females on each interval
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The discriminant power of the anterior region of the
talus is lower than that provided by total volume, but it
would be useful in those cases in which the bone is
incomplete and this region is well preserved. In the
event that only the anterior region of the talus bone is
available, an accurate classification can be achieved for
79.5 to 89.8 % of the sample. In such cases, it is
recommendable to consult the classification intervals to
verify whether the volume calculated falls within an
overlapping range or whether, on the contrary, the vol-
ume has a value for which there are only representatives
of one of the two sexes.

As for the radius, the distal end turned out to be more
discriminant that the proximal end, achieving an accurate
classification of 95.5 % of the sample. The diaphysis in the
right radius has proven to be especially discriminant, given
that the highest rate of accurate classifications was found for
all of the variables, 96.9 %.

Observing the rates of accurate classification which
take side into account, one can see that, in the case of
the talus, there is hardly any difference between the two
sides. However, the differences are more notable in the

case of the radius. This coincides with the results found
in the paired t test, in which statistically significant
differences have been observed (p<0.05) between the
two sides for the total volumes, the diaphysis and the
distal end of the radius, with the values for the right
side being greater. For the talus, better results are
obtained for the left side in four of five variables
studied, for the radius, with a higher lateral asymmetry,
better results are obtained for the right side in three of
four variables studied.

The validation test confirms the discriminant power
of this variable when applied to a sample from another
contemporary Spanish reference collection (EML 2).
The classification functions obtained in this study were
only confirmed to be reliable for the Spanish popula-
tion. Later comparative studies with other populations
will be necessary to determine the variability between
populations. As occurs with the classification functions
based on metric variables, in order to be able to apply
them to other populations, one must take into account
the range of variation, ruling out their use in those
cases in which the range of variability for each sex is
different than that of the study sample herein.

Conclusions

In 3D scanning of bone, special attention must be paid
to the selection of parameters, the image’s processing,
and the selection of anatomical divisions performed on
the bone. From the results found, it can be concluded
that the variable of volume is a good discriminant of
sex in this study sample, accurately determining sex in
90.9 % of all cases, on the basis of the total volume of
the left talus, and 93.9 % when using the total volume
of the right radius. By calculating the volume in dif-
ferent anatomical regions, the diaphysis of the right
radius has demonstrated a high discriminant power
(CC096.9 %) as well as the distal end (CC095.5 %)
both discriminating better than the total volume. The
results found provide a reason to continue researching
the discriminant power of this variable in other bones
of the postcranial skeleton and calculate classification

Table 7 Classification functions for radius volumes (cubic centimeter)

Radius Side Classification function %CCa

Total volume R 0.650(vol)–22.376>0 male 93.9
<0 female

L 0.549(vol)–18.458>0 male 91.8
<0 female

Head volume R 3.072(vol)–8.616>0 male 76.9
<0 female

L 2.808(vol)–7.78>0 male 80.3
<0 female

Diaphysis volume R 0.975(vol)–22.873>0 male 96.9
<0 female

L 0.85(vol)–19.512>0 male 91.8
<0 female

Distal end volume R 1.976(vol)–16.003>0 male 95.5
<0 female

L 1.564(vol)–12.296>0 male 88.5
<0 female

a Percentage of correct classified

Table 8 Validation test

Talus Total volume Anterior volume 1 Anterior volume 2 Anterior volume 3 Posterior volume

CC 90 % 80 % 85 % 90 % 90 %

Radius Total volume Head volume Diaphysis volume Distal end volume
CC 95 % 80 % 95 % 90 %

CC percentage of individuals correctly classified with each variable
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functions which can be used on the Spanish population
to determine sex in a reliable manner.
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