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Abstract

This study has been performed in order to define standards usable to determine the sex of
prehispanic individuals from the Canary Islands from their skeletal remains. Osteometric
information at the right tibia was obtained from 59 complete skeletons from Gran Canaria, housed
in the Museo Canario (Las Palmas), 45 males and 14 females (this constitutes the totality of
complete prehispanic skeletons known from Gran Canaria). The parameters measured were: tibial
length, proximal and distal epiphyseal breadth, transverse and anteroposterior diameter, perimeter
at the nutrition foramen levels and minimum shaft perimeter. These parameters were subjected to
different SPSS discriminant function analysis, combining all of them, or only the proximal or
distal ones, without tibial length, etc., in order to obtain functions usable even if only bone
fragments are available. Transverse diameter, proximal epiphyseal breadth and minimum shaft
perimeter showed the highest discriminant power. The functions obtained showed high average
accuracies, ranging from 94.9 to 98.3%, with female accuracies of 100%. The functions obtained
were further applied to a test prehispanic population (ten males and ten females) from El Hierro.
Overall accuracies of the functions when applied to this population ranged from 65 to 94.7%, with
female accuracies ranging 80% to 100%.  2000 Elsevier Science Ireland Ltd. All rights
reserved.
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1. Introduction

Sex determination from skeletal remains is one of the most important aspects of the
osteologic analysis of a given population. Several bones show a marked sexual
dimorphism, so they are suitable for sexing skeletons with high accuracy. Among these,
differences in pelvic bones are pronounced, especially at the ischiatic notch, subpubic
angle, and general configuration. Skull also offers a marked sexual dimorphism. which
also allows accurate sexing of skeletons, although sexing from cranial bones is not as
precise as from the pelvis [1–3]. Unfortunately, in many instances only some bare bones
constitute the sole remains of a dead individual, especially when we are dealing with
ancient population groups. It is therefore important to develop standards to determine
sex from different parts of the postcranial skeleton. Although macroscopic sexual
differences may be subtle in long bones, discriminant functions including several
osteometric parameters allow a quite accurate sexing of several postcranial bones
[4–10]. However, it is also clear that there is considerable variation of these functions
among different populations, so the standards for one population should not be used for
another one [11]. Based on this statement, we have performed the present study in order
to develop standards to determine sex combining osteometric data from the right tibiae
of prehispanic individuals of the Canary Archipelago.

2. Materials and methods

We have analysed 59 complete skeletons housed in the Museo Canario of the city of
Las Palmas, belonging to prehispanic individuals from diverse archeological sites of the
island Gran Canaria (most of the cases come from Guayadeque, a ravine with several
huge collective burial caves, located in the eastern part of the island).

Sex was established by inspection of the pelves, especially of the ischiatic notch [1].
Following this method, 45 individuals were allocated as males and 14 as females.

The following tibial measurements were obtained using standard methods [12]:
Tibial length, from the medial malleolus to the lateral condyle taken with an
osteometric board.
Circumference at the nutrient foramen level with a plastic-covered cloth tape.
Minimum shaft circumference, usually located near the distal end of the tibia, also
measured with a plastic-covered cloth tape.
Anteroposterior and transverse diameter at the nutrient foramen levels, with a sliding
caliper.
Proximal epiphyseal breadth, as the maximum distance between the condyles.
Distal epiphyseal breadth, as the distance between the medial malleolus and the
center of the fibular notch.

With all these parameters, we have performed several stepwise discriminant functions,
using the SPSS program. These discriminant analyses were performed:



´E. Gonzalez-Reimers et al. / Forensic Science International 108 (2000) 165 –172 167

• Including all the parameters.
• Including all the parameters near the proximal epiphysis (anteroposterior and

transverse diameter, circumference at the nutrient foramen level, proximal epiphyseal
breadth).

• Including only those parameters near the distal end of the tibia (minimum shaft
circumference, distal epiphyseal breadth).

• With all the parameters excluding tibial length and proximal and distal epiphyseal
breadth.

Applying the functions to the male and female skeletons, we have obtained the mean
values for males and females, the standard deviations and the limits of the 95%
confidence intervals for each of the means.

We have tested the ability of these functions to correctly allocate sex in 20 further
complete prehispanic skeletons from El Hierro (the smallest of the seven ‘big’ islands of
the Canary Archipelago) recently excavated on by one of us (JVV). In these skeletons,
sex was assessed by inspection of the pelvis, and the same tibial parameters were
measured. Some of the tibiae from El Hierro were not complete enough to allow
measurement of all the parameters.

3. Results

Comparative statistics of the means and standard deviations of the parameters are
given in Table 1. The results of the stepwise discriminant functions are given in Table 2.

When all the parameters were included, the first parameter which entered the function
is lateral diameter, and the second one, minimum shaft perimeter. None of the remaining
parameters (tibial length, proximal and distal epiphyseal breadth, anteroposterior
diameter, and perimeter at the nutrition foramen levels) add discriminant power to the
final function. This formula allows a correct classification of 57 out of the 59 individuals
from which it was obtained. Indeed, the mean6S.D. values applying the formula to the

Table 1
Means (X), standard deviations (S.D.) and univariate analysis for the tibia of the individuals of the study group

Males (n540) Females (n512) t value

n X6S.D. n X6S.D.

Tibial length 45 369.12626.02 14 334.71613.76 4.81
Prox epiphyseal breadth 45 77.5163.85 14 66.6462.44 9.92
Anteroposterior diameter 45 37.3662.94 14 30.0062.72 8.32
Transverse diameter 45 25.5661.93 14 19.9361.44 10.07

Circumference at nutrient
foramen level 43 99.1068.86 14 76.04611.13 7.94
minimum shaft perimeter 45 79.0964.55 14 66.0063.46 9.88
distal epiphyseal breadth 43 44.7862.47 11 40.2761.90 5.62
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Table 2
Discriminant functions combining diverse parameters

Function Correctly classified Study group Test group
parameters entering
the function Males Females Males Females

All the parameters 1.105 td10.498 msp257.89 43/45 14/14 9/10 9/9
Excluding distal ep. 1.315 td10.523 peb267.76 44/45 14/14 6/8 8/8
breadth (deb)
Excluding deb and 1.315 td10.523 peb267.76 44/45 14/14 6/8 8/8
tibial length (tl)
Excluding deb, tl, 1.315 td10.523 peb267.76 44/45 14/14 6/8 8/8
and minimum shaft
perimeter (msp)
Excluding deb and l.246 td10.437 msp260.17 43/45 14/14 8/10 8/9
proximal epiphyseal
breadth (peb)
Excluding deb, msp, 1.866 td242.58 43/45 14/14 5/10 8/10
peb and tl
Including only deb 0.717 msp252.09 42/45 14/14 9/10 9/9
and msp

males is 5.6963.74 (inferior limit of the 95% confidence interval520.59), whereas that
of the females is 26.3362.66, upper limit of the 95% confidence interval521.86).
Also, 18 out of 19 skeletons from El Hierro (those in which all the parameters could be
measured) belonging to the test group (Fig. 1A), were correctly sexed, although there
was a misclassification in two males: one of them was misclassified as female (23.53),
and the second one fell out (20.64) of the 95% confidence interval for males (although
within the 97.5% confidence interval, Fig. 1A).

Excluding distal epiphyseal breadth, only transverse diameter and proximal epiphyseal
breadth entered the final formula. This function allowed a correct sex allocation of 58
out of 59 individuals of the study group; the mean6S.D. values applying the formula to
the males is 6.3964.03 (inferior limit of the 95% confidence interval520.37), whereas
that of the females is 26.6962.56, upper limit of the 95% confidence interval522.39).
When the function was applied to the test group, there was a misclassification of two
males: one of them was misclassified as female (23.53), and the second one fell out
(20.64) of the 95% (although within the 97.5%) confidence interval for males (Fig. 1B).

When tibial length was excluded, and/or when we also excluded the distal parameters
(distal epiphyseal breadth and minimum shaft perimeter), the functions obtained were
identical to that just mentioned.

Excluding proximal and distal epiphyseal breadth, but including tibial length, the only
parameters entering the function were lateral diameter (which entered first) and
minimum shaft perimeter. Applying the formula, mean6S.D. of the males is 6.2463.96
(inferior limit of the 95% confidence interval520.41), whereas that of the females is
26.4962.82 (upper limit of the 95% confidence interval521.76). This formula allowed
a correct classification of all but two cases of the study group (it failed in two males) and
in 16 out of the 19 cases from El Hierro in which the formula could be applied. These
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169Fig. 1. Individual values obtained for males and females, both in the study group and in the test group. after applying several discriminant functions (see Section 3).
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results, as well as the final function is similar to that commented on at the beginning of
this section. The minimal differences which exist between both functions are solely due
to the lack of the parameter distal epiphyseal breadth in three cases.

Including only anteroposterior diameter, lateral diameter, and perimeter at the
nutrition foramen level, only lateral diameter entered the function. Despite this fact, this
formula correctly classified 57 out of 59 cases of the study group, although only 13 out
of 20 of the cases from El Hierro (Fig. 1C). Mean values for the males of the study
group after application of the formula is 5.1163.59 (inferior limit of the 95% confidence
interval520.93); mean value for the females is 25.3962.69, upper limit of the 95%
confidence interval520.88.

Finally, when only the two distal parameters — distal epiphyseal breadth and
minimum shaft perimeter — were included, only minimum shaft perimeter entered the
formula. With this function, 56 out of the 59 study cases were correctly classified,
although some overlapping exists between the lower limit of the 95% confidence interval
for males (20.86, mean6S.D.54.6263.26) and that for females (20.59, mean524.76,
S.D.52.48). Only one case (out of 19) was misclassified in the test group (Fig. 1D).

4. Discussion

The Canary Islands, situated near the northwestern coast of Africa, were inhabited in
prehistoric times by people of North African origin who colonised — probably in
different waves — the different islands of the Archipelago. Interestingly, the prehistoric
material culture of each of the islands differs considerably from that of the others,
although a common ethnic background is identifiable [13,14]. With the Spanish
conquest, towards the end of the XVth century, the socioeconomic conditions of the
Islands suffered profound changes. Many islanders died in the several cruel battles
which took place during the conquest, others were sold as slaves in different parts of
Europe, but an important part survived and mixed with the new population — and later
with other Europeans. In this sense, recent studies on mitochondrial DNA show that still
a 45% identity persists with the North African berbers, who are also descendants of the
people who arrived to the Islands more than 2000 years ago [15].

The important work of Iscan and Miller-Shaivitz [4] has stressed that anthropometric
measurements of the tibia, and other bones [16–21], allow a reasonably accurate sexing
combining these parameters in discriminant function(s). It is also important to note that
marked differences between races or ethnic groups may occur, so it is necessary to
perform discriminant functions on samples from different geographical areas. Also,
changes may occur in the same population with time, due to differences in nutrition,
disease or physical activity.

In our study, it is noteworthy that although males showed significantly broader distal
epiphyses than females, the parameter distal epiphyseal breadth did not enter any of the
discriminant functions, not even that one performed only with this parameter and
minimum shaft perimeter. This is in contrast with the results obtained by other
investigators on other population groups [4,5,11]. However, sexual dimorphism regard-
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ing proximal epiphyseal breadth is marked. In accordance with other authors [4,5,11,22],
proximal epiphyseal breadth strongly discriminates between males and females.

It is also remarkable that breadth parameters show better discriminant power than
tibial length. This is also in accordance with other reported observations, and may be
explained on the basis of the greater muscular development of males. In this sense, it is
important to note that several muscles insert near the nutrition foramen, that is, were
parameters such as transverse diameter are measured. This parameter, together with
proximal epiphyseal breadth and minimum shaft perimeter yield an important discrimin-
ant power. Indeed, even combining only two breadth measurements such as lateral
diameter and minimum shaft perimeter, the ability of the resulting discriminant function
to correctly allocate sex is excellent.

In conclusion, the results of this study permits a reasonably accurate diagnosis of sex
from the right tibia in the prehistoric population of the Canary Islands, and thus
constitutes an important tool for anthropologists studying this population. It also
constitutes an example of the efficacy of these functions for sexing long bones, thus
reinforcing the need of similar studies in different populations of the world.
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