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Introduction

What is 'kinanthropometry'? Is it merely an attempt to market, old and established
knowledge, under a new name - or does it indeed mean a new conception of the study of man
in motion?

Conception is a well chosen term for two reasons. Firstly, it is not so much a separate
branch of science, but rather a certain state of mind towards the 'human being as a most
interesting and important animal and the movements it performs'. The 'kinanthropometrist'
is involved with measurement and evaluation of different aspects of humans in motion, and
with the physical characteristics of the human, with a view to studying inter-human
variations. He or she is not only interested in characteristics and qualities of one individual,
but also in the range, the variation which is found within one population, and in the
differences occurring between populations in the course of time. Kinanthropometry can be
considered as a subject of human biology or physical anthropology, both of which are
concerned with the biological characteristics of this unique species.

In the second place, it is a new conception because in the past, especially also in circles of
physical education, sport and recreation, the terms anthropometry and biometry were
commonly used (Ledent and Wellens, 1922; Vandervael, 1943; De Nayer, 1956). It is,
however, characteristic of biometry and anthropometry that the emphasis was mainly, if not
exclusively, on the study of body build. This becomes apparent when fundamental works in
human biology or physical anthropology are read. Weiner and Lourie (1969), for example,
mentioned in their basic work on techniques in human biology, under the heading
anthropometry, only a series of body measurements. Biometry and anthropometry were,
however, originally introduced with a much larger content. Karl Pearson, a British
mathematician, developed biometry as a science of measurement and quantitative
comparison of the biological variation. For the study of this variation and covariation
(literally, 'varying together'), he used the correlation technique. According to Boyd (1980)
and Tanner (1981), the term anthropometry seems to have been used for the first time in its
contemporary meaning, by the German medical doctor Sigismund Elsholtz (1623-1688),
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2 Beunen and Borms

who also studied dimensions'of the human body. Kinanthropometric research, therefore, has
a long history, but the term is of a rather recent origin. This origin is to be found in university
institutes of physical education which were searching for a specific approach of their scientific
discipline.

According to Parlebas (1981), it was Roch Meynard of the Universite de Laval, Quebec,
Canada, who introduced for the first time the term 'Kinanthropology' in 1966. Soon after, in
1969, the journal 'Kinanthropologie', in the French language, appeared. In this journal, the
term 'Kinanthropometry', was first used in an article by Ross et al. (1972). A later article by
Hebbelinck and Ross (1974), also contributed to the use of this term. In physical education
circles, the terms biometry and anthropometry were slowly being replaced by kinanthropo-
metry. Within the physical education field itself, a shift took place towards the quantitative
measurements and evaluation of aspects of the human being in movement. Concerns
included:

- components of body build, namely body measurements, -proportions, -form, -composi-
tion and physical maturation;

- physical qualities, neuro-motor qualities, such as strength, flexibility, speed, balance, co-
ordination, and cardio-respiratory characteristics;

- measurement of their physical activity level; daily physical activity and sport skills.

Ross and Borms (1980) stated that this scientific discipline can be formally considered as
the study of the relationship between human structure and movement, as shown in Fig. 1
(Ross, 1978). The central theme of kinanthropometry is the measurement of the human in a
variety of morphological perspectives and its application to movement in its varied forms
and to those factors which influence movement (Malina, 1984).

IDENTIFICATION SPECIFICATION APPLICATION RELEVANCE

Kinanthropometry

MOVEMENT

HUMAN

MEASUREMENT

For the study
of human

SIZE

SHAPE

PROPORTION

COMPOSITION

MATURATION

GROSS FUNCTION

to help understand

GROWTH

EXERCISE

PERFORMANCE

NUTRITION

with implications
for

MEDICINE

EDUCATION

GOVERNMENT

with respect for
individual rights
in the service of
humankind.

(from Ross, 1978)
Fig. 1. Kinanthropometry: 'An emerging scientific specialization'

Since kinanthropometry has grown from anthropometry and/or biometry, and since its
purpose is also the construction and improvement of measurement techniques to study inter-
human variation, these measurement techniques must be applicable in population research.
The measurements must be applicable in a field situation, outside the laboratory, and must
allow the study of large samples of test subjects within a short period of time.
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Kincmthropometry 3

Measuring techniques in kinantbropometry

When qualities and characteristics of human individuals are evaluated quantitatively, the
problem of developing valuable measuring techniques arises. As a research tool, a
measurement has to meet a number of prerequisites, which can be summarized as follows.

- A test/measurement must be standardized, meaning that the subjective input of the test
leader when measuring or testing, must be eliminated as far as possible. For the measurement
of size, the chance for an 'interpretation' of the measured length is small. It is a different story
when the robustness of an individual must be estimated;

- A test or measurement must be reliable, meaning essentially that, when the measurement
is repeated twice or more within a short interval, varying from a couple of days to 2 weeks,
the results of the measurements must be the same. The reliability of a test/measurement can
be impaired because of external factors influencing the result of the measurement or because
of factors which are inherent to the test itself. The unreliability of a test can thus be caused by
many factors among which are the changes occurring within the examiner, the test person,
the external environment-circumstances and also because the quality is measured by one
single measurement or test;

- A test or measurement must be valid, which implies that a test/measurement ought to
measure what it purports to measure. This seems, at first glance, obvious; but in practice it is
one of the most difficult test requirements to verify. It is clear that with the measurement of
size, we acquire a picture of the length development. It can, of course, be questioned whether
size is really one of the most indicated measurements for the evaluation of length
development. It becomes even more difficult when, for example, one wants to assess the
motor performance capacity of a growing child. Which measurements need to be done to
acquire a good picture of the performance capacity? Finally, a test/measurement must be
accompanied by reference values, which are needed to check the individual performance or
measurement.

In the next paragraphs, a brief overview is given of a number of techniques which are used
in kinanthropometry and which meet these requirements.

Anthropometric techniques

Body dimensions

Without doubt, the body dimensions are the most widely used measurements in
kinanthropometry. It would be almost impossible to start analysing the differences in
measuring techniques, described by so many authors. For a more detailed and accurate
description of a series of 'classic' anthropometric techniques, reference is made to standard
works such as 'Lehrbuch der Anthropologie' published by Martin in 1914 and later reworked
by Martin and Sailer (1957).

More recently, a standard text has been published by Weiner and Lourie (1969,1981), in
which body measurements were described, the way they were applied in studies of the
International Biological Programme. In the field of physical education, pioneer work has
been done by Larson (1974) in order to attain international standardization. Furthermore, it
should be mentioned that the former 'International Working Group on Kinanthropometry'
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4 Beunen and Borms

(now ISAK) used the measurement protocol which was, among other things, applied for the
evaluation of participants of MOGAP, the Montreal Olympic Games Anthropological
Games Project (Borms et al., 1979; Carter, 1982). In 1985, a number of researchers from
several disciplines gathered in the Arlie Consensus Committee and published an
Anthropometric Standardization Reference Manual (1988). For the study of living
individuals, the following components in body dimensions can be distinguished, according
to Tanner (1964):

-skeletal size; this component comprises measurements of the size of trunk and limbs,
such as body height, shoulder width, length of the limbs. These dimensions are taken with a
stadiometer or an anthropometer for length dimensions and with an anthropometer or
spreading caliper for width measurements;

- trunk-limbs component; this component points to the opposition between the size of the
trunk and the size of the limbs. This component therefore indicates a component of skeletal
size as well;

- skeletal width of the extremities; this component comprises measurements of the width of
the bones. These width measurements are performed with a spreading or Vernier caliper.

- muscle component; when only 'classic' anthropometric techniques are being used, then
perimeters of the limbs, eventually corrected for subcutaneous adipose tissue thickness, are
the best indicator of this muscle component. When soft X-rays or medical imaging are used,
this component can then best be evaluated by measuring the muscle width. Perimeters are,
preferably, taken with a metal tape.

-fat component; measurements of subcutaneous adipose tissue thickness are taken with a
skinfold caliper. The thickness of a skinfold is measured on specific sites on trunk and limbs.

Furthermore, it should be mentioned that the dimensions of hands, feet and head appear
also as separate components.

Body proportions, -form, -type and -composition

Anthropometry found its origin not in medicine or biology, but in the plastic arts. Sculptors
and painters were indeed searching for the ideal proportions between body parts, in order to
give the proper 'picture' of the human body. The 'Proportionslehre' (1528) of Albrecht Diirer
(1471-1528), is perhaps one of the best known works on human proportions, although
Tanner (1981) doubted whether Durer ever measured a human individual. Although
Thompson (1917) published an impressive work on 'On Growth of Form', the study of
proportions was mostly restricted to the study of a number of indices which were perhaps
introduced by the French medical doctor Godin (1880-1935). In the course of time, tens of
indices have been proposed which, among other things, aimed to quantify the relative weight,
robustness or the masculinity. The great difficulty with these indices, is that one never knows
what in fact decreases or what increases when the index becomes larger (smaller).
Information, in fact, is lost.

Allometry is another approach where the growth of a part of the body is put in relation to
the growth of another part, mostly the body height. This approach has gained recognition
especially through the work of J.S. Huxley (1887-1975). Allometry is based on the principle
that, when a linear dimension increases by 5 cm, all surfaces increase by '5 cm squared' and
all volumes by '5 cm raised to the third power'. This implies that during growth, the
proportions remain unchanged. More recent studies, such as those of Ross and Wilson
(1974) and of Goldstein and Johnston (1978), have concentrated once again on the body

D
ow

nl
oa

de
d 

by
 [

U
Q

 L
ib

ra
ry

] 
at

 0
3:

21
 1

4 
M

ar
ch

 2
01

5 



Kinanthropometry 5

form. Ross and Wilson (1974) used for this purpose a 'unisex phantom model' as 'yardstick',
while Goldstein and Johnston (1978) departed from the transformation of Cartesian co-
ordinates, originally worked out by Thompson (1917). Most recently Bookstein (1986)
proposed another approach which merits further attention of kinanthropometrists.

A totally different approach is found in the studies of body type. Body typologies have as a
main characteristic the attempt to make up, on the basis of external somatic appearance,
classifications in which groups of human individuals can be placed.

According to C.H. McCloy (1886-1959), an American physical educator, most of the
typologies depart from the assumption that on the one extreme end a relatively small, fragile,
linear type can be situated, and on the other extreme, a rather short stocky, relatively
massively built type, with in between a type which could be defined as 'normal'. McCloy
(1936), however, rightly noted that the body type provides much more information than just
body proportions. Those who have ever attempted to assess the body type, on the basis of
standardized pictures, will confirm this. To put it in another way, the human examiner sees
and perceives, while calipers and measurement instruments do neither. This has led to the
view that everything concerned or related to typologies or constitution theory, was
unscientific. Nevertheless, body typologies seem to be useful as a reference frame, or model,
since it has been demonstrated that these classifications are related to the most diverse
human characteristics and qualities, such as the physical performance capacity. This does
not mean that present day kinanthropometrists still advocate the outdated opinions
concerning the relations between body proportions, constitution and health. The old ideas
about the humoral and physiognomy classification of diseases and deformations have indeed
been abolished, since the progress of cellular pathology and bacteriology.

This overview will be restricted by stating that, at the end of the past century and at the
beginning of this century, anthropological schools emerged in Italy, France and Germany,
which created their own typology-Di Giovanni (1838-1916) and Viola (1870-1943) in
Italy; Sigaud (1862-1921) and McAuliffe (1876-1937) in France and Kretschmer
(1888-1964) in Germany. Sheldon (1899-1977) gave in 1940, with the publication of
The varieties of human physique, a new impulse to the study of the body type. According to
Sheldon, the body type is determined by the interaction of three components which he called
according to three germ layers, namely endomorphy, mesomorphy and ectomorphy. The
somatotype would be, according to him, the best estimate of the 'genotype', laid down in the
genetic material. The endomorphy component is characterized by a voluminous trunk with
the largest mass concentrated in the abdomen. The body type of mesomorphic individuals is
dominated by squareness, massiveness and an outspoken muscular development. The
ectomorphy component is characterized by a stretched out, linear and fragile body build.
The somatotype is estimated through each of these components, scored on a seven-point
scale (Sheldon et al., 1954,1969, 1970).

The somatotype method of Sheldon provoked a stream of criticism, which has led to
modified techniques. The most important modifications were proposed by Parnell (1958)
and by Heath and Carter (1967). In both techniques, the three components of body type are
determined by means of anthropometric measurements, and the idea to 'estimate genotype' is
abandoned. The aim of Parnell, as well as Heath and Carter, was to acquire a picture of the
phenotypical body type on the basis of the present body measurements. The method of
Heath and Carter (Carter, 1975) appears to be applied world-wide in the domain of the study
of the body type of elite athletes, most probably because of its practical applicability.

The composition of the human body can be studied in different ways, although the most
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6 Beunen and Borms

exact and direct analysis can be carried out only on cadavers. All other techniques are
indirect methods and rely on data assembled with the analysis of a rather restricted number
of cadavers. The indirect techniques, used so far depart mostly from a two compartment
model where the total body mass is divided in a lean body mass and a fat mass. Both
components can be estimated with the help of different laboratory techniques. Nevertheless,
it is only the anthropometric approach that allows a large scale application. In the
antropometric approach, the components of a model are estimated from body measure-
ments, among which skinfolds are perhaps the most applied anthropometric parameters.
Matiegka had proposed in 1921, the estimation of muscle, bone, and fat masses, through
anthropometric measurements, but it was especially Behnke (1961) and Brozek (1960) who
performed pioneer work in this area. It should be pointed out, however, that the
anthropometric estimation of body composition is prone to rather large errors of estimate.
For the evaluation of adiposity in the body, the use of reference scales for subcutaneous fat
measurements is perhaps more recommendable and more accurate than the estimation of
total body fat mass, obtained through all kinds of formulae, unless age-specific equations are
used which will vary with the populations (e.g. obese, athletic, and girls vs. boys) (Lohman et
ah, 1988; Lohman, 1989). More recently a number of researchers have used the bioelectric
impedance technique to assess body composition. This technique has the advantage of being
applicable in large scale surveys but,needs further validation, especially in children and
adolescents (Lohman, 1989).

Developmental age, physiological age or maturity

Already at the beginning of this century, the American-German anthropologist, Franz Boas
(1858-1942), was aware of the fact that chronological age was not a good criterion for
estimating the biological maturity of an individual. Children with the same calendar age can
differ enormously in their developmental process. At about the same time, Crampton (1908)
introduced the notion of physiological age. By taking the appearance of the first pubic hair as
a point of reference, he was able to check how long it was since a boy or a girl had reached that
milestone or, retrospectively, how many years the child was remote of this biological
milestone. Acording to Tanner (1962), there are nowadays four systems being used to assess
the biological maturity status.

(i) The sexual age, whereby biological maturity assessment is based on different stages of
primary and secondary sex characteristics. Most commonly, the development of the penis,
scrotum, pubic hair, breast and the age of menarche are being considered.

(ii) The dental age, which is usually estimated by the study of the eruption of the teeth,
although Demirjian (1978) argued that the estimation is more accurate when the different
developmental stages of the teeth are studied on panoramic X-rays of the teeth.

(iii) The morphological age, which can be obtained by checking the mean height of a
population at a certain age. This 'height-age', as well as the 'weight-age', gives an inaccurate
estimation of the biological age. For instance, a certain height (e.g. 132 cm) at a certain age
(9 years) tells us how tall a child is and how tall it is in relation to his sex and age group, but it
does not reveal how remote the child is from its adult height. It would be better to take the
percentage of mature height as a criterion. Certain methods do allow the prediction of adult
height as a result of a few measurements at one moment. The age of maximal growth velocity
is a good indicator of biological maturity, as well.

(iv) The skeletal age is being determined by the study of bones during their different
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Kinanthropometry 7

developmental stages. Usually an X-ray of the hand and wrist or knee is taken for this
purpose.

Although Todd's (1937) atlas technique, adapted later by Greulich and Pyle (1950), had
much appraisal in clinical use, the more systematic and elaborate techniques from Tanner et
al. (1975) and Roche et al. (1975) have gained more and more attention in scientific research.
Both techniques describe the successive alterations which occur in bone centres. On the basis
of those descriptions, stadia are appointed to bone centres which serve as the starting point
for the calculation of the skeletal age. Just recently, Roche et al. (1988) proposed a new
method for the hand and wrist, similar in procedures to their method for the knee (Roche et
al., 1975; Roche, 1978).

Skeletal age is considered as the most appropriate biological development criterion when
there is only one criterion available. Nevertheless, the relation between skeletal age, sexual
age and morphological age is not perfect. So it is not possible to predict sexual age from
skeletal age for one individual, though the relation is strong enough to make predictions for
groups. If, for instance, a group of female gymnasts is retarded in skeletal development, then
one can conclude that the sexual development of this group is also retarded (Malina, 1978).

Physical performance characteristics

Test batteries for the measurement of motor fitness

The measurement of human physical performance capacity is not such an easy matter for a
scientist. Trainers and coaches too are still looking for a simple technique to identify the best
athletes. Physical education teachers meet the same problem in trying to give their pupils an
objective score. Standard works in physical education test evaluation describe lots of tests,
although it is difficult to find out whether these measurements are valid or not (Barrow and
McGee, 1972; Clarke, 1967; Cureton, 1947; Fleishman, 1964; Larson and Yocum, 1951;
Matthews, 1968; Safrit, 1973).

In the 1920s, there was the notion that physical performance capacity could be measured
with one single test. Therefore, Sargent (1921) developed his well known 'Sargent Jump' (a
vertical high jump without dash) as 'the physical test of a man'. Later, when more
sophisticated multivariate statistical techniques, and more specifically factor analysis, were
developed, it became possible to see more clearly into the complex field of physical
performance capacities. The major conclusion was that physical fitness could be split into
different components. Within the scope of this article, the evolution in measurement
techniques for the evaluation of physical performance capacity can not be reported at length.
Yet, it is worth knowing that much of this research was done in the U.S.A. and that, in the
same tradition, test batteries in Europe were constructed for the measurement of motor
ability and cardio-respiratory endurance. The factor analytic studies of Simons et al. (1969,
1978), based on the research of Fleishman (1964), were the major points of reference for
Kemper and Verschuur (1977) when they developed the MOPER fitness test in the
Netherlands. The Eurofit-battery, which was constructed by a team of experts, representing
all members of the Council of Europe, is based on the work of Simons et al. (1969,1978). In
this Eurofit-battery (Simons and Renson, 1982; CDS, 1988), six domains in motor fitness and
cardio-respiratory endurance are measured, namely, strength, muscular endurance,
flexibility, speed, balance and cardio-respiratory endurance. In each of these domains, one or
two components or factors were identified, which can be evaluated by means of a test.
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8 Beunen and Borms

The strength domain contains the factor static strength, which measures maximum
isometric muscular strength (no movement in the articulations) during a short effort against
an external resistance. The 'hand grip' test measures this factor. In executing this test, a
handgrip dynamometer is squeezed as forcefully as possible while holding the dynamometer
away from the body. Explosive strength is also a maximum muscular strength test, executed
against one's own body weight. In this case, movement in the articulations is obvious.
'Standing broad jump' is the most appropriate test for measuring this factor. In this test, one
jumps as far as possible without a run-up, while the feet stay together.

The domain of muscular endurance is also divided into two components. Muscular
endurance of the upper limbs on the one hand, is called functional strength. This component
measures the capability to sustain a long effort against one's own body weight or a part of it,
by executing as many repetitions as possible within a limited time, or by executing a
maximum effort without time pressure. For this factor, the 'bent arm hang' is introduced. The
subject hangs, as long as possible, with flexed arms on a horizontal bar, the eyes above the
bar. On the other hand, the muscular endurance of the trunk is called trunk strength. The
capability to sustain a lasting effort, with regard to the trunk muscles, is being measured. The
test which measures this factor is called 'sit up'. The subject tries to alternate, as quickly as
possible, a sitting position with a lying down position for 30 s. The legs are flexed and fixed by
an assistant while the subject holds his arms behind his neck.

F'or flexibility, one factor is identified which measures articulo-muscular movement range.
'Sit and reach' is an appropriate test to measure this dimension. The subject reaches forward,
as far as possible, from a seated position, the feet placed against a table and the legs extended.

Speed is divided into two components, namely, speed of limb movement and running speed.
Speed of limb movement measures the capability to move the upper or lower limbs as fast as
possible in simple movement gestures. In the test 'plate tapping', the subject has to tap
alternately two plates, as fast as possible, with the preferred hand. The plates have a diameter
of 20 cm, are 60 cm apart and are placed on a table. Running speed measures the capacity to
move, as fast as possible, over a short distance. This component is measured by 'shuttle run
50 m', whereby the subject has to run five times over a distance of 5 m as fast as possible.

For the domain balance, one factor is identified which measures total body balance. The
test that goes along with this factor is called 'flamingo balance'. The number of attempts to
keep in balance for 60 s is counted. In the starting position, the subject stands on the
preferred foot on the long axis of a beam of set dimensions, while holding the back of the free
foot with the hand on the same side.

Tests for the measurement of cardio-respiratory endurance

For the domain of cardio-respiratory endurance, two test procedures were chosen for the
EUROFIT test battery (Anon., 1982; CDS, 1988). One test procedure is more adapted for
survey and project use, although, given the proper instruments, this test can also be
performed in the field. Therefore, a submaximal effort test (the subject does not continue till
exhaustion) on the bicycle ergometer is chosen. The subject cycles continuously on a bicycle
ergometer, for a total of 9 min, during which time the workload is increased twice. The initial
load is normally set at 1 W kg"1 body weight and then increased after the third and sixth
minute, according to the heart rate response of the subject. In laboratory conditions, and if
the proper equipment is available, the exhaled air is analysed. The oxygen consumption and
CO2 production give an idea of how well the cardio-respiratory apparatus adapts to effort.
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Kinanthropometry 9

Another type of effort test is the field test, which is proposed by the European Commission
of Experts. It concerns an endurance shuttle run test, which begins at walking pace and ends
running fast, whereby the subjects move from one line to another 20 m away, reversing
direction, and in accordance with a pace dictated by a sound signal, which gets progressively
faster.

Although it can be argued that the evaluation of fine motor skills has to be included in
kinanthropometric research, this happens only rarely. This subject is not considered herein
and the reader is referred to the works of Fleishman (1964), Kiphard (1972), Sloan (1954) and
Wiegersma (1980) among others. Also, for the manifold tests, which were designed for the
evaluation of specific sport skills, standard works, mentioned at the beginning of this
paragraph should be consulted.

Measurement instruments for the evaluation of daily physical activity

The physiological problem is essentially simple, and valid methods for the measurement of
oxygen consumption, and hence energy expenditure, have been in use since the introduction
of the Douglas bags in the early years of the century. Nevertheless, one struggles with the
problem that measurement techniques must be found which do not disturb daily physical
activity. Besides, these techniques have to be applicable in large surveys, where energy
consumption has not only to be followed during at least 24 h, but also over days, weeks or
even a year. Weiner and Lourie (1969) mentioned a few techniques which can be used,
varying from simple questionnaires to direct measurements of energy consumption. The
questionnaire technique requires that the subject fill in a questionnaire or someone
interviews the subject about his/her physical activities. A more precise method, requires the
subject to keep a diary of his/her activities. This method calls for good cooperation from the
subject and a certain level of education. Another possibility is the study of the intensity of
activities by means of the registration of the heart rate. It would be more appropriate to link
the registration of the heart rate to the observation of the activities that were carried out by
the subjects. Also a pedometer, a counter of steps, an accelerometer, or an actometer, used at
the same time as the registration of the heart rate can give useful information (Verschuur,
1980). When weight is constant, and assuming that energy expenditure is equal to energy
intake, one can also record the food intake to get an estimate of the energy consumption.
Finally, there is the possibility of the measurement of oxygen uptake in field situations or
even in simulated situations specific for a number of activities. With this technique, the
expired air is collected, for instance in a 'Douglas bag', and it is analysed after the effort. More
recently, efforts are being made to use telemetric techniques to record several parameters,
including oxygen consumption. Perhaps the most promising field technique, especially in
children, is the use of stable isotopes. It may bridge the gap between the very accurate but
very restrictive methods like the respiration chamber technique and the commonly used field
techniques (Saris, 1986).

Some examples of kinanthropometric research

It should now be clear that kinanthropometric measurement techniques can be used for
different purposes such as the study of the normal growth and development process, the
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10 Beunen and Borms

influence of training on physical characteristics and the study of physical differences between
sport participants. It is not at all the intention to give here an overview at length of the diverse
studies in kinanthropometry. Only a number of research projects will be outlined to
demonstrate the different directions that studies have taken.

Since the well-known growth studies of the Belgian mathematician and astronomer
Adolphe Quetelet (1796-1874), many growth studies have been conducted in Belgium. In the
same tradition, physical fitness studies were conducted with the aim of making up a 'status
quaestiones' of the physical performance capacity of Belgian youth. Reference values were
drawn up for children from 6 to 13 years by Hebbelinck and Borms (1975), for boys from 12
to 20 years by Ostyn et al. (1980) and for girls 6-18 by Simons et al. (1989). Partly under the
impulse of research conducted by Kemper et al. (1974), Bovend'eerdt et al. (1980) derived
reference values for the Netherlands for 12-18-year-olds and Leijten et al. (1982) for 9-11-
year-olds. These research teams also conducted longitudinal studies to investigate individual
growth and development of physical performance capacity (see Beunen et al., 1988;
Hebbelinck et al, 1980; Kemper and Van t'Hof, 1977; Simons et al., 1970-1971).

Proceedings from four symposia on kinanthropometry (Quebec, Canada 1976; Leuven,
Belgium 1978; Eugene, USA 1984; Glasgow, Great Britain 1986) (Landry and Orban, 1978;
Ostyn, Beunen and Simons, 1980; Day, 1986; Reilly et al, 1986) show also the diversity of
research subjects. Bouchard et al. (1980) came to the conclusion that growth in skeletal width
or skeletal length, irrespective of position in the body, is being controlled by the same genes.
The relation between somatic measurements of the participants of the Olympic Games in
Mexico 1968 was discussed by Carter (1978). At the same time, reference values were given
for the somatic measurements of the 1265 athletes who were studied.

Pauwels (1978) showed in a study on 12-19-year-old boys that the speed of a handball
throw by 13-15-year-olds is explained to the extent of 64-70% by somatic and motor
components, while for 16- and 17-year-old boys this is reduced to 35-50%. This difference
was attributed to the better movement co-ordination in older age groups.

From a series of studies, Rarick (1980) concluded that components in motor
characteristics are similar in girls and boys, whether they have normal intellect or are
mentally handicapped. Further evidence indicates that motor performance obviously differs
in relation to age, sex and intellectual capabilities. Rarick concluded that these findings have
an important implication for physical education programmes.

Renson et al. (1980) reached the conclusion that a series of sociocultural factors, such as
the socio-professional status of the father, the degree of urbanization of the village, family
size, ethnic group and sport participation, are related to somatic dimensions as well as motor
abilities, even when somatic differences are taken into account.

The search for new and better measurement techniques to study the aforementioned
domains goes on. Sheffer and Herron (1978), for example, determined on the basis of
stereophotograms, taken with two stereometric cameras, the body volume and the
distribution of the volume over the total body. Stepnicka (1986) summarized his 20 years
research findings concerning the relationships between somatotype, physical performance,
sports and body posture. Relying on large samples of top athletes, university students,
children, adolescents and young athletes, he came to the conclusion that somatotype is a
morphological predisposition of motor and sport efficiency, as well as body posture.

Martin et al. (1986) demonstrated on the basis of the 25 dissections of the Brussels Cadaver
Study that a standard deviation of 0.02 g ml"1 for the fat free density seems probable. Thus
the constancy of the fat free mass can no longer be assumed.
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Kinanthropometry 11

The use of medical imaging techniques was nicely demonstrated in a review paper by
Maughan (1986) about muscle structure and strength in the human. He concluded that
magnetic resonance imaging techniques will result in further revisions of accepted
anthropometric techniques.

Based on the findings of the existing literature and maturity characteristics in elite young
athletes, Malina (1986) demonstrated that the rate of biological maturation may be of
significance in youth sport, perhaps in providing early competitive advantages in some
sports. Furthermore, it is difficult to implicate the stress of training and competition as an
initial influence on biological maturation. Hypotheses concerning the effect of training on
young female athletes need to consider other factors that are known to influence circulating
gonadotrophic and gonadal hormone levels. Moreover, the stress of training and
competition in young successful male athletes also needs to be considered. Both
anthropometric and training factors may also influence positional roles in a team. Soares et
al. (1986) provided evidence for an association between the physical fitness of Brazilian
national basketball players and their function in the game.

These and other examples give ample evidence of the importance of appropriate and
adequate measuring techniques and of the impact of these techniques in designing adequate
research projects to test a variety of hypotheses. Notwithstanding its long tradition, albeit
under a different name, kinanthropometry is still moving and striving for more appropriate
and better measurement techniques.
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