
Revista de la Facultad de Ciencias de la UNI, REVCIUNI 18 (1) (2015) 22–29

Multidimensional Analyses to Detect Sport Talent in

Athletes with Down Syndrome

Sergio Camiz1, Willy Rivero2

1Dipartimento di Matematica - Sapienza Università di Roma - Italia,
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In this paper we propose a methodology alternate to the somatotype to classify Down athletes in Peru, since
they appear most alike in respect to this classification. A tandem analysis was performed, consisting in Principal
Component Analysis of the ten body measures used for the somatotype, and Hierarchical Classification was run
on the distances between athletes on the first two principal components through minimum variance clustering. A
K-means partitioning was run further to optimize the classification. Three groups of measures resulted and six
classes of athletes, whose differences could be checked via statistics. The results, compared to the somatotype
revealed more useful to identify a suitable training for the athletes to improve both their health conditions and
sport performance.
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1 Introduction

The aim of this work is to study an alternative method-
ology to detect potential sport talents based on their
somatotype, to be used in Peru. The somatotype is
based on a set of anthropometric measures(ISAK , 2001),
according to specific formulas. On the opposite, the
Sport Peruvian Institute (IPD, Instituto Peruano del
Deporte) recommends measures different from those in-
ternationally used to define the somatotype. Here, we
are interested in checking the ability of the somatotype
to estimate the conditions of a specific group of athletes,
those affected by Down syndrome, whose somatotype is
highly homogeneous. Thus, we propose an exploratory
methodology suitable to integrate the somatotype in a
case in which the homogeneity of the sampled indivi-
duals does not allow to clearly distinguish among them
through it.

The proposed methodology, representing the relations
within measures, athletes, and between them, allows an
interesting interpretation of the groups of athletes, ob-
tained by classifying them according to their measures.
In addition, supposing known the performances of (at
least some of) the sampled athletes, the method may
help in the estimation of their potentials, based on their
measures, both physical and psychological performance,
and their nutritional condition.

The selection of talents is a very promising field within
sport sciences, receiving very favorable opinions more
than critics. Nowadays sport tendencies are based on
an early specialization of athletes, whose effectiveness in
contrast with natural selection may allow a long term
quality of results in the chosen specialty (Leyva, 2003).
It is known that the detection and selection of sport tal-
ents in soccer resulted in a high profitable international

business, so that the mayor clubs opened affiliates in
different world sides: for Peru, we may quote, e.g., Boca
Juniors, River Plate, FC Barcelona, Chelsea, Manchester
City, etc.. In Argentina, the Asociación de Fútbol Ar-
gentina registers all youngsters nationwide, just to avoid
their emigration.

It is known that morphological characters may be rel-
evant indicators to select the most suitable specialty
for a youngster, whose physical development may be fur-
ther favored by the training, e.g. the relevant height may
favor a good achievement in basketball. Thus, it is neces-
sary to define, for the sports, directives to select athletes
at very early ages, so that they may enter the sport
elite after an adequate training. Several authors proved
that the study of body composition and proportions and
its application in the sport practice allow a very deep
knowledge of the athlete and his/her leading towards a
specific sport specialty, since to each specialty a different
anthropometric profile corresponds (Rodŕıguez, 1999).

Anthropometric measures provide valid information to
diagnose both physical and morphological conditions of
people. They allow to plan physical activities related to
their requirements and to establish a follow-up to check
the produced changes. Both aspects are particularly rel-
evant for sport trainers, since they may use these instru-
ments to improve individual training and development.
The identification of biophysical potentials is fundamen-
tal for the adequate start of formation process in physical
and sport activity of kids. Thus, scientific parameters are
suitable to describe the physical development and fore-
cast the neuromotor performance, in order to ease an
appropriate training and learning in the early ages. To
identify and select sport talents, several mathematical
models exist. Among those developed in South-America,
we may quote (IPD , 2013):
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• The Venezuela model, developed by Alexander
(1995) on 7,063 youngsters. This study was used
to implement programs of physical and health ac-
tivity, as well as to early detect sport talents.

• The Colombia model, developed by Instituto
Colombiano de la Juventud y el Deporte (quoted
by IPD , 2013) on a sample of 10,258 youngsters,
allowed the implementation of a method for the be-
ginning of sport formation based on the Colombian
population conditions, as well as detect the skills of
future athletes.

• The Argentina model, based on 20,899 11-years old
kids, that aimed at knowing the general health
state of youngsters, their posture, development,
psycho-social condition.

All these models are based on the identification and the
analysis of the somatotype of the population under study.
These matters are new for Peru, where no methodology
has been developed so far to detect sport talents among
people, in particular among those affected by some spe-
cific disease, not even known models have been adapted
to Peruvian reality.

The Down syndrome (Ortega, 2001) is a genetic anomaly,
also known as 21 trisomy : it is due to the disjunction of
the pair 21 of chromosomes during meiosis (Patterson,
2009). This presence slightly modifies the development
of both individual’s body and brain, thus causing both
physical and mental problems in the child. According to
Federación Española de Instituciones para el Śındrome
de Down (FEISD), this is the first cause of mental re-
tardation in the population (Lip, 2004). The anomaly is
responsible of the characteristic phenotype, it conditions
both brain and nervous system’s structure and function
of affected individuals, their socio-affective needs, and
the role that they occupy in the society (FEISD , 2000).
Albeit the effects of the syndrome may have different
intensity, in general Down people development is slower
than others. Some of them may be affected by medical
problems and present physical and/or mental handicaps.
This does not prevent many of them to carry out a happy
and productive adult life (Lip, 2004). Both UNESCO
and OMS state that around one out of a thousand living
newborn are affected by Down Syndrome and that it re-
sults in 90-95% of total handicapped people (Lip, 2004).
Presently, Down people are around 5 millions worldwide,
around 600,000 in Europe, and 35,727 in Peru, according
to 1993 National Census (INEI , 1996; Lip, 2004). It is
to be noted that Down people improve their physical
state with usual sport activity. Moreover, such routine
activity may transform attitudes of rejection in kindness
and sociability (López and Sánchez, 2014).

This work was developed with the aim to help Down
people to improve their quality of life through sport ac-
tivity. For this task, we started by trying to identify
the Carter and Heath (1980) somatotype of athletes af-
fected by Down syndrome, in order to classify them and
to identify those that may be suited for some specific
sport activity, that is those with greatest skills and sport
qualities.

2 The somatotype

The determination of individual somatotype, as well as its
distribution among a specific population, may be used for
different purposes, given the known relations between so-
matotypes and sport specialties. As well, the follow-up of
body evolution of school pupils along time allows a bet-
ter planning of the sport activities, a better attribution
of kids to different specialties, a better selection of most
skilled athletes, and a better forecast of the results they
may be expected to achieve (Bustamante, 2003). Once
based on intuition, body measures were introduced in
XIX century, starting somatometry and its different bio-
typological schools, that distinguished according to the
used measures. We remind the following (Bustamante,
2003):

• Italian school (De Giovanni, Viola, and Pende),
based on two rules: the body mass, based on the
torso, and the form evolution, measured by the
limbs. Three types are distinguished: normotype,
long-limbed, and short-limbed.

• French school (Sigaud, Chaillon, and Mac Auliffe),
based on the morphological development, that dis-
tinguishes between center, the source of energy, and
periphery, interacting with the environment. Con-
sequently, four constitutional types are recognized:
muscular, breathing, cerebral, and digestive.

• German school (Kretschmer), based on the body
architecture of mentally affected persons. The rela-
tion between morphological types and psychic tem-
perament was argued, distinguishing four types:
athletic, astenic, athletic, and pyknic.

• American school (Sheldon) based on a continuous
scale. Sheldon (1940, 1954) introduced the indi-
rect measure of the three body primary components
(endo- meso- and ectomorphy), aiming at guessing
the human character based on body shape, some-
thing similar to Jung’s (Bustamante, 2003) clas-
sification according to the kind of thinking, feel-
ing, and perceiving, and to popular stereotypes of
men “delicate and fairfull, fat and merry, tough and
rough”. Through his photoscopic method, he took
systematically 17 measures from three pictures of
every individual, that allowed attribute values to
the three components.

The Sheldon approach revealed most useful for the anal-
ysis of the variation of body shape in human groups, as
it takes into account both biological and environmental
factors (Bustamante, 2003). It was further modified by
Heath, Hooton, and Parnell (Bustamante, 2003) by tak-
ing body measures, again modified by Carter (1980) who
introduced the direct measurements in place of those
taken on photographs. Presently, Carter’s method is in-
cluded in the protocols indicated by the International So-
ciety for the Advancement of Kinanthropometry (ISAK ,
2001). It is applied to persons with or without sport
activity, albeit preferably to people with systematic ac-
tivity and qualified athletes.
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The somatotype is currently expressed by a three-
dimensional scale and it is computed based on ten mea-
sures, officially stated by the International Society for
the Advancement of Kinanthropometry (ISAK , 2001;
Carter, 2002) for the purpose, subdivided as:

1. sizes: height and weight;
2. skinfolds: they are a double layer of skin and un-

derlying adipose tissue, excluding muscles;
3. perimeters: they are the contour of a body seg-

ment;
4. diameters: they measure the thickness of a body

segment.

The ten measures are not invasive and must be taken
observing the stated ISAK protocols, so that their av-
erage error is usually no larger than 2%. They are the
following:

1. Height
2. Weight
3. Upper arm girth
4. Calf girth
5. Breadth of the femur
6. Breadth of the humerus
7. Triceps skinfold
8. Subscapular skinfold
9. Supraspinale skinfold

10. Medial calf skinfold

The three somatotype components and the relative mod-
els to compute them are the following:

• Endomorphy (relative adiposity). It indicates pre-
dominance of the vegetative system and tendency
to obesity. Endomorphic individuals have flabby
body with rounded shapes, with low specific weight.
The endomorphy measure is given by:

Endo = 0.7182 + 0.1451 ∗ F − 0.00068 ∗ F 2+

0.0000014 ∗ F 3 ∗ 170.18

T
,

where:

F =
∑

PC : sum of skinfolds (tricipital, sub-
scapular, and super-iliac),

T : height

• Mesomorphy (muscular-skeletal development). It
indicates predominance of mesodermic tissues:
bones, muscles, and connective tissue. Mesomor-
phic individuals in respect to the previous have
more muscle and bones mass and higher specific
weight. Mesomorphy measure is given by:

Meso = 0.858 ∗ dh + 0.601 ∗ df + 0.188 ∗ pbc+
0.161 ∗ ppc− h ∗ 0.131 + 4.5,

with:

dh : Humerus diameter,
df : Femur diameter,
pbc : Corrected arm perimeter,

pbc = arm perimeter - tricipital fold/10
ppc : Corrected calf perimeter,

ppc = calf perimeter - calf fold/10.

• Ectomorphy (linearity or relative lightness). It in-
dicates predominance of linear and frail forms due
to the ectodermic layer origin of the tissues and a
highest specific weight. The ectomorphy measure
is given according to the following:
Given I.P. = height/(weight)1/3 :

– if I.P. ≥ 40.75 then Ecto = (0.732 ∗ I.P ) −
25.58

– if 38.25 < I.P. < 40.75, then Ecto = (0.463 ∗
I.P ) − 17.63

– if I.P. ≤ 38.25, then Ecto = 0.1

Each individual is measured and evaluated according to
these algorithms. Then orthogonal coordinates are com-
puted as follows:

X = Ecto− Endo

Y = 2 ∗Meso− (Endo + Ecto)

Figura 1: The somatochart, according to Sheldon (1954).
The 13 classes are indicated along the border of the Reauleaux
triangle.

and are plotted on the somatotype chart (see Fig. 1).
This is a graphic formed by a Reauleaux triangle, a trian-
gle with curve edges (Alsina and Nelsen, 2011), adopted
by Sheldon (1954). The triangle is partitioned according
to three axes crossing in the center and forming an an-
gle of 120o among each other: every axis represents one
of the three somatotype components, so that each type
is represented by one of the triangle vertexes: the meso-
morphy is situated on the upper side, the endomorphy on
the left, and the ectomorphy on the right. Indeed, the set
of measures taken on individuals contribute to all three
components, so that 13 classes result based on them, ac-
cording to the predominance of one component with re-
spect to the others and to the differences between the
latter. In Fig. 1 the dashed lines separate the 13 classes.
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For specific references, see Carter and Heath (1980). This
way, each individual somatotype may be easily identified
according to its position in the somatotype chart.

3 Data and somatotype

In order to get possible the comparison of the proposed
method with the somatotype, we took for each sampled
athlete the ten measures necessary to compute the
somatotype, by adopting the protocols officially stated
by the International Society for the Advancement of
Kinanthropometry (ISAK , 2001; Carter, 2002) for the
purpose. Thus, all measures were taken on the right side
of the individuals.

The individuals that formed our sample are all affected
by Down syndrome, men and women at that time within
12 and 36 years age (limits defined by the Asociación
de Olimpiadas Nacionales Especiales del Perú) and were
nearly all those present in some institution, say clubs
and schools, that participated to the sport competi-
tions organized for the Olimpiadas Especiales (Special
Olympic Games) held in Lima metropolis in the period
January-August 2004. Indeed, people out of the age
range or with evident functional of health problems,
preventing physical activity, were excluded. A total of
103 individuals was observed during six months, thus
obtaining our 103 × 10 data matrix.

Figura 2: Somatochart reporting the somatotype of Down
athletes. Most athletes are situated in the Endomorph-
Mesomorphic sector.

Through these anthropometric measures, the athletes’
somatotype could be estimated and they could be plot-
ted on a somatochart (Figure 2). It is evident from
the figure that the Down athletes do not spread the
whole somatochart but concentrate in a quite reduced re-
gion, namely in its mesomorphic-endomorphic side. This
pattern reflects the correlation between the two soma-
tochart coordinates (-.26) as a consequence of the high
one between the three indexes: negative (-.705 and -
.590, respectively) of Ectomorphy with both Endomorphy
and Mesomorphy and positive (.576) of the latter with

Endomorphy. As a result, 82 athletes were attributed
an Endomorph-Mesomorphic somatotype, 12 an Endo-
Mesomorph, 5 a Mesomorph-Endo-morphic, and only 4
other somatotypes: Mesomorph, Ecto-Endomorph, Ecto-
Endomorphic, and Meso-Ectomorphic. The high concen-
tration of athletes in the Endomorph-Mesomorphic soma-
totype justifies the need to apply some other classifica-
tion method to distinguish the structure of this particular
athletes.

4 Data analysis methods

Unlike the somatochart, that is based on the quoted
models that identify the three body components, our
purpose is to develop an independent methodology
able to distinguish the athletes according to the same
measures, but model free. This is particularly in-
teresting in this specific case. Thus, we set in the
exploratory analysis framework, in which the geometric
representation of both the individuals and the ob-
served characters “lets the data speak by themselves”
individually (Benzécri et coll., 1982), instead of being
studied as misfitting a predefined statistical model. On
the contrary, the study of exploratory analysis results
may lead, after due confirmation of some hypotheses
that deserves being tested, to a more realistic identifica-
tion of a model able to explain most of the observed data.

Our aim is to partition the observed sample of athletes
in homogeneous classes, according to their measures.
Thus, we propose the so-called Tandem analysis (Arabie
and Hubert, 1994), largely adopted in exploratory
frameworks in which a partition is sought to better
understand and describe the data structure. Tandem
analysis is composed by an exploratory factor anal-
ysis, aiming at reducing the noise contained in the
data, followed by a classification of units based on the
units coordinates on the components selected among
those issued by the factor analysis. Its commented
drawback (not always to be able to detect “natural”
classes, Arabie and Hubert, 1994) does not apply to our
case, since we expect that athletes may form a nearly
continuous population, in which tendencies may be
identified, but not subpopulations. Thus, the partition
may not be natural, in the sense that we do not seek
discontinuities in the pattern itself that suggest the
existence of isolated natural classes. These exploratory
techniques are essentially based on unit’s inertia, that
is the sum of weighed squared distances among units,
that in exploratory framework is considered a measure
of information contained in the data.

As factor method, we used Principal Component
Analysis (PCA, Benzécri et coll., 1982; Jolliffe, 2002;
Langrand and Pinzón, 2009), based on the eigenanalysis
of the correlation matrix between original characters, a
technique that produces, unlike the observed characters,
uncorrelated principal components. They are linear
combinations of the original characters, corresponding
to the directions of maximum inertia of the units in the

REVCIUNI 18 (1) (2015) 22–29 Facultad de Ciencias – UNI



26 Sergio Camiz and Willy Rivero

plane spanned by the observed characters. Thus, the
first ones summarize most of the data table inertia and
one may hope to reduce to the last, least important
components, the residual data noise: this way, by
dropping them, the noise would not be taken into
account. To choose which components to retain, the
brokenstick method was adopted, consisting to keep
those components whose share of the total inertia is
larger than the supposed length share of a corresponding
piece of a randomly broken stick (Frontier, 1976).

After PCA, a classification, based on the Euclidean
distances among individuals in the reduced-dimensional
space spanned by the principal components is performed
through a Hierarchical Ascendant Classification (HAC,
Benzécri et coll., 1982; Gordon, 1999; Langrand and
Pinzón, 2009): at each step, those two classes are merged
that, by merging, least increase the within class inertia
(minimum variance clustering method; Ward, 1963).
Thus, a complete set of partitions results, with the
within classes inertia acting at each step as hierarchy
index. To select the more suitable partition, the one was
chosen such that the difference between its index and
the following one was much higher than the difference
with its previous one. Once chosen the partition, an
iterative K -means classification was applied, in order to
improve the partition consistency: all units are itera-
tively aggregated to the class whose centroid is closest
and within inertia is recalculated, until no improvement
is possible (MacQueen, 1967; Gordon, 1999).

For each built class, statistics are computed, namely
means and standard deviations, that were compared to
the total ones, through a Student’s t statistics. This way,
the difference between the means could be checked at a
pre-defined threshold value (in our case 5%, Langrand
and Pinzón, 2009). This allowed to put in evidence, for
each class, those characters whose means were signifi-
cantly larger or smaller than the pooled ones, to be con-
sider characteristic for the class itself.

5 Results

The PCA was done considering only 102 athletes,
because one was exceptional in size (height 1.97m,
weight 122.60 kg) and as such heavily modified the data
structure. He was then added as supplemental unit and
as such projected onto the factors and classified with the
others.

The PCA gave two factors whose eigenvalues are larger
than 0.7 and significant according to the Brokenstick test.
They summarize over 75% of the total inertia, a relevant
amount. In Figure 3 the characters are represented on
the circle of correlations on the two factors: all characters
are situated on the right side of the circle, thus are pos-
itively correlated with the first (horizontal) factor, that
may be interpreted as size. Then, three groups may be
clearly identified: i) the four skinfolds in the negative
side of the second (vertical) factor, opposed to all others,

ii) the group formed by Weight, Femur breadth, Upper
arm girth, and Calf girth more horizontal, and iii) the
one formed by Height and Humerus breadth on the pos-
itive side of the second factor. The opposition of the
groups i) and iii) may be interpreted as that between
high and slim athletes with short and fat ones. Indeed,
the first factor is positively correlated with both Endo-
and Mesomorphy indexes and negatively with the Ecto-
morphy one; as well, it is negatively correlated with the
x coordinate of the somatochart and negatively with the
y, whereas the x is positively correlated with the second
factor. The consistence of the three groups may be as-
certained by the stronger inner correlation between the
characters within the groups than that between charac-
ters of different groups. This is particularly relevant for
what concerns in particular the four skinfolds.

Figura 3: The ten measures for the somatotype on the circle
of correlations on the first two factors of PCA of Down ath-
letes (in blue) together with the indexes of somatotype and the
somatochart coordinates, projected as supplemental characters
(in red).

The hierarchical classification procedure suggested a
partition in six groups, that were further consolidated
by the iterative K -means algorithm: this way, the six
groups explain over 78% of the inertia on the first factor
plane. In Figure 4 the pattern of the athletes on the
PCA plane spanned by the first two factors is shown,
grouped in the corresponding classes. In Table 1 the
means of all measures, as well as of indexes and of
somatochart coordinates are reported, in comparison
with the total one. The + and − signs close to the
means indicate that the class mean is significantly larger
or smaller, respectively, than the total mean at the 5%
probability level. To ease the comprehension, the classes
are arranged according to the descending average size.
In the bottom is also reported the contingency table
crossing the classes with the attributed somatotypes.
Here too + and − signs close to the frequencies indicate
that they are significantly larger or smaller, respectively,
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than the expected.

Figura 4: The cloud of the 103 Down athletes on the plane
spanned by the first two factors of PCA. The six colors corre-
spond to the six classes obtained by the classification process.

The interpretation of the classes is as follows:

Class 2 : this group is that whose 5 athletes have the
best conditions; indeed, they are significantly
the tallest with the highest breaths and the
lowest skinfolds; their Ectomorphy index is
larger than the mean, while both Endomor-
phy and Mesomorphy are smaller. All of
them have a distinct somatotype: Mesomorph,
Meso-endomorphic, Endo-mesomorph, Endo-
mesomorphic, and Meso-ectomorphic.

Class 1 : the class contains 26 athletes characterized by
Weight, Height, Upper arm girth, Breadth of the
humerus, Calf girth, and Supraspinale skinfold
significantly larger than the mean; thus, they
are more robust than the mean. Most athletes
in this class are Endo-mesomorphic, but 3 are
Endo-mesomorph and one Ecto-endomorph.

Class 3 : this group of 16 athletes is characterized by
all measures significantly higher than the aver-
age, but height; for them both Endomorphy and
Mesomorphy indexes are larger than the mean,
while Ectomorphy index is smaller. All ath-
letes are Endo-mesomorphic, but two are Endo-
mesomorph.

Class 4 : this group of 17 athletes is characterized by
the four skinfolds larger than the mean; in-
deed, for them the Endomorphy index is signif-
icantly larger too. All athletes here are Endo-
mesomorphic.

Class 6 : this group of 33 athletes is characterized by all
measures significantly smaller than the mean,
but the Height ; their Ectomorphy index is
larger, while both Endomorphy and Mesomor-
phy indexes are smaller than the mean. The

22 athletes Endo-mesomorphic are in this class
significantly less than expected, whereas 4 are
Meso-endomorphic, a value significantly higher
than expected, six are Endo-mesomorph, and
one is Ecto-endomorphic.

Class 5 : this group gathers the 6 smallest athletes: their
measures are all significantly lower than the
mean, but Medial calf skinfold. All athletes here
are Endo-mesomorphic.

6 Discussion and Conclusion

Unlike the somatotype, that does not sufficiently distin-
guish among Down athletes, the tandem analysis proved
effective in giving a finer description of the studied ath-
letes, complementary to it. For them, whose predom-
inant somatotype is by far Endo-mesomorphic (80%)
or Endo-mesomorph (11%), the body structure that we
could classify is mostly described by two factors, one of
size and one body structure represented by the alterna-
tive lank, that is high and slim, with stocky, that is small
and fat. Thus, the resulting classification may be rather
interpreted considering these two factors and the Body
Mass Index (BMI ) and accordingly some recommenda-
tion may be suggested, in order to improve the athlete’s
conditions. Indeed, on this basis, we may draw the fol-
lowing conclusions:

Class 2 : it is composed by the most representative ath-
letes of Peru in international competitions. As
a consequence their physical conditions are the
best possible, maybe better than many no-Down
persons. Indeed, this resulted by a long-lasting
training, as we could ascertain through inter-
views. Their (BMI = 20.88) shows their very
good conditions. Thus, they are suggested to
keep on with their current training activity and
motor exercises.

Class 1 : it is composed by athletes with larger body
measures but non particularly fat, as it may be
detected by the non-significant skinfolds mea-
sures. Their average BMI = 25.76 shows little
overweight conditions in respect to the previous
class, but without particular relevance. They
may be suggested to enhance the aerobic train-
ing to reduce weight and improve their perfor-
mance.

Class 3 : it is composed by all athletes with all mea-
sures larger than average, but Height. Their
BMI = 29.69 gets them as highly overweight,
close to the obese people. Thus, they should ur-
gently observe a nutritional program to reduce
their overweight joint with an intense aerobic
training.

Class 4 : it is composed by slow athletes, since they
have significantly large skinfolds, but small size.
Their BMI = 25.33 shows their good condi-
tions, albeit a little overweight. For them, a
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Table 1: Mean values of the measures, the indexes, and the somatochart coordinates broken down for the six classes and total.
The signs + and - indicate that the mean is significantly above or below the pooled mean at the 5% significance level.

Class 2 Class 1 Class 3 Class 4 Class 6 Class 5 Total
Number of athletes 5 26 16 17 33 6 103
Height 172.820+ 156.581+ 153.667 139.847- 147.764 131.117- 149.809
Weight 62.360 63.154+ 70.113+ 49.535- 48.267- 33.600- 55.314
Upper arm girth 27.480 29.281+ 32.340+ 25.794- 25.327- 21.433- 27.321
Calf girth 34.100 34.539+ 37.293+ 32.818 30.955- 26.433- 32.999
Breadth of the femur 9.980+ 9.419 10.007+ 9.171 8.870- 7.917- 9.225
Breadth of the humerus 7.160+ 6.488+ 6.587+ 5.735- 6.039- 5.500- 6.207
Triceps skinfold 5.500- 16.373 24.133+ 19.912+ 11.930- 11.083- 15.823
Subscapular skinfold 9.960- 22.750 30.900+ 24.500+ 15.249- 11.500- 20.525
Supraspinale skinfold 12.400- 27.462+ 36.733+ 28.559+ 16.046- 16.350- 23.923
Medial calf skinfold 5.440- 12.808 20.567+ 20.206+ 10.318- 10.500 13.879
Endomorphy 3.885- 8.081 9.851+ 9.193+ 6.308- 6.497 7.654
Mesomorphy 4.467- 5.767 7.334+ 6.046 5.010- 4.708- 5.673
Ectomorphy 2.307+ 0.723 0.278- 0.374- 1.357+ 1.367 0.920
somato-x -1.920 -7.409 -9.572- -8.818- -4.976+ -5.129 -6.772
somato-y 3.497 3.042 4.540+ 2.525 2.386 1.553 2.898
Mesomorph 1 0 0 0 0 0 1
Meso-endomorphic 1 0 0 0 4+ 0 5
Endo-mesomorph 1 3 2 0 6 0 12
Endo-mesomorphic 1 22 14 17+ 22- 6 82
Ecto-endomorph 0 1 0 0 0 0 1
Ecto-endomorphic 0 0 0 0 1 0 1
Meso-ectomorphic 1 0 0 0 0 0 1

local weight training exercise is recommended
to increase their muscular mass and to reduce
their body fat. A diet is also advisable.

Class 6 : it is composed by the athletes with all mea-
sures significantly lower than the average. Their
BMI = 22.11 shows their good conditions, al-
beit small in size. As they should be recom-
mended to transform their fat into muscles, a
protein diet and a power training are advisable.

Class 5 : it is composed by the few athletes with least
measures: their BMI = 19.54 gets them close

to the lower limit of the normal conditions. For
this reason a power training is suggested, in or-
der to reinforce them and become more compet-
itive.
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Down. Canal Down 21. Santander (España), Fundación
Iberoamericana Down 21. http://www.down21.org

MacQueen, J.B. (1967). Some Methods for Classification and
Analysis of Multivariate Observations. Proceedings of 5th
Berkeley Symposium on Mathematical Statistics and Prob-
ability. Berkley, University of California Press: pp. 281-297.
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