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Knowing the structure of the human body and the systems with was inner
created, are the keys to dealing with it correctly and influencing it positively,
according to the characteristics, methods and means of the sciences interested

to preserving it and improving its level.
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As a general rule:

The more
compartments that
are measured, the
smaller the error in
body composition
estimates
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1.1 Introduction

Anthropometry like any other area of science
depends upon adherence to the particular rules of
measurement as determined by national and
international standards bodies. Anthropometry is a
very old science, and, like many old sciences, has
followed a variety of paths. The diversity of
anthropometric paths is both a richness and its
bane. One of the consequences of multiple
anthropometric traditions has been the lack of
identification  of

standardisation in  the

measurement sites, and in  measurement
techniques. This makes comparisons across time
and space extremely difficult. The international
anthropometric  standards detailed in this
document are those of the International Society for
the Advancement of Kinanthropometry (ISAK).
ISAK, which developed from its precursor, the
International Working Group on
Kinanthropometry (IWGK), has members from
over 50 countries and has worked since 1986 to
develop standards in anthropometry.

The standards in this document have been
assembled by international experts including all
ISAK-accredited Level 4 anthropometrists from
around the world. The anthropometric techniques
in this book have been refined from definitions and
descriptions from a series of classic textbooks and
congresses throughout the twentieth cent

ury. These measurement sites provide the basis for

the ISAK accreditation system that has operated
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since 1996. To date, over 1500 anthropometrists
from 18 countries have been accredited in
anthropometric measurement techniques under
this scheme. The aim of this document is to assist
with global standardisation of anthropometry.
This document introduces the anthropometrist to a
number of techniques required to obtain a
comprehensive anthropometric profile on a
person. These measurement sites give a good
description of the body as a whole. The sites are
those which are routinely taken for a variety of
purposes such as monitoring athletes,

tracking growth, development, aging and motor
performance, and linking physical activity and
nutrition interventions to changes in body size,
shape and composition. Sites which are known to
be predictive of health status in the general
population are also included.

Once the measurement of these anthropometric
sites is complete, the practitioner can utilise a
number of tools using various computations for
data analyses. These include somatotyping,
fractionation of body mass into bone, muscle,
adipose (fat) and residual mass components,
proportionality estimates, prediction of body
density (and subsequently percent body fat) using
a number of regression equations, and
transformation of the data into age and gender-

specific percentile scores for individual sites,

overall obesity and proportional mass rankings, as
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well as other indices such as waist-hip ratio, sums
of skinfolds and skinfold-corrected girths.

There are many reasons why measurements of
body dimensions are taken. This document
describes the ‘core’ of body sites which are most
often included in an anthropometric profile.
Adoption of a standard profile and methodology
allows comparisons to be made locally, nationally
and internationally between sample groups. It also
introduces exciting implications for pooling data
from around the world which, for the first time, can
be readily achieved by judicious use of the internet.
There will be the occasion, however,

where specific anthropometric measurement sites
notincluded in these guidelines are required.
Anthropometrists shouldn’t feel constrained to use
only those sites contained in these guidelines when
the need for other sites arises.

1.2 The subject

Each subject must be informed as to what
measurements are to be taken and local or
institutional rules followed regarding consent.
Throughout the protocol the subject may be asked
to assume different positions. For measurements to
be made as quickly and efficiently as possible the
subjects should be asked to present themselves in
minimal clothing. Swimming costumes (two-piece
for females) are ideal for ease of access to all
measurement sites. The clothing worn must be of
minimal thickness and follow the natural contours

of the body. It must also allow access to bare areas
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of skin for skinfolds. In the matter of dress as in
other concerns, anthropometrists should always be
sensitive to the cultural beliefs and traditions of the
subject. Therefore, the measurement room should
provide for privacy and be at a comfortable
temperature for the subject. It should be
appreciated that all people have an area around
their body known as ‘personal space’ and that
when this area is invaded they feel uncomfortable
or threatened. This is particularly true for the front
of a person and this is why most measurements are
taken from the side or from behind.
Anthropometrists should be mindful that some
subjects may feel more comfortable being
measured by people of the same gender.

There are some people for whom measures cannot
be accurately taken. This may be due to factors
such as extremely tight skin, large subcutaneous
adiposity or injury. In these individuals it is
recommended that no

measurement is taken to avoid potentially very
large  errors and  embarrassment.  The
anthropometrist should not take any measures
which compromise the physical or emotional well-
being of the subject.

1.3 Data collection

In general the measurer should be able to easily
move around the subject and manipulate the
equipment.

This will be facilitated by setting aside adequate

space for these measurement PI’OCCCIUI’BS.
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Where possible, a recorder should be used to assist
the measurer and enter data. The measurer and
recorder work as a team and it is the responsibility
of the recorder to help the measurer wherever
possible. When used, a recorder should be trained
in recording techniques. The recorder should be
able to verify the accuracy of site location and
ensure the correct sequence of measurement sites.
Despite careful attention to the standards, there is
still the possibility that errors will occur in the
recording of data. This may occur due to poor
pronunciation by the measurer, inattention by the
recorder or the recorder’s failure to follow the steps
which are designed to eliminate such errors. The
recorder repeats the value as it is being recorded,
thereby enabling the measurer to do an immediate
check. Wherever possible, measurements should
be repeated or even taken a third time. When two
measures are taken, the mean value is used for data
analysis. When three measures are taken the
median value is used for data analysis.

1.4 Anthropometry equipment

Depending on the specific sites being measured,
specific equipment items are necessary. General
descriptions of equipment requirements are given
below in the text. An appendix is included with
details of suppliers of anthropometry equipment.
Stadiometer

This is the instrument used for measuring stature
and sitting height. It is usually attached to a wall so

that the subjects can be aligned vertically in the
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appropriate manner. The stadiometer should have
a minimum range of measurement of 60 cm to 220
cm. The accuracy of measurement required is 0.1
cm. A sliding head board that is at least 6 cm wide
is lowered to the vertex of the head. It is
recommended that the head board be constructed
with alocking device. The floor should be hard and
level. The same equipment is often used for sitting
height from a box as well as stature. Stadiometers
range from simple and relatively

inexpensive to complex and very expensive. The
stadiometer should be checked periodically against
a standard height. In the field, when a stadiometer
is not available, a carpenter’s tape

fixed to a wall and checked for height and vertical
position, may be used in conjunction with a 90°
head board such as a large set square. As a ‘last
resort’ method, a piece of paper taped to a wall may
be used to identify the height, using a head board.
Assessment of the height can then be completed
using a steel tape. This method is not acceptable in

the laboratory.
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Weighing scales

The traditional instrument of choice has been
the beam balance accurate to the nearest 100
g. However, the use of electronic scales is
becoming more general and the accuracy of
some of these scales is greater than that of the
beam balance. For example, relatively
inexpensive digital bathroom-type scales are
now available which incorporate load cells as
sensors. They are easily transported and can
therefore be used in the laboratory and the
field. The accuracy of these instruments is to
within 50 g. Calibration of all scales is

critical. This should be done using calibration
weights, certified by a government

department of weights

and measures and totalling at least 150 kg.
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Anthropometric tape

Aflexible steel tape of at least 1.5 m in length
is recommended for girths. This should be
calibrated in centimetres

with millimetre gradations. If fibreglass tapes
are used, regular calibration against a steel
tape is required as these

non-metal tapes may stretch over time. Any
tape used should be non-extensible, flexible,
no wider than 7 mm

and have a stub (blank area) of at least 4 cm
before the zero line. In addition to assessing
girth measurements, an

anthropometric tape is also required to
accurately locate a number of skinfold sites
and mark distances from bony
landmarks. The tape needs to be enclosed in a
case with automatic retraction.

Skinfold caliper

Skinfold calipers require a constant closing
compression of 10 g.mm—2 throughout the
range of measurements. They should ideally
be calibrated to at least 40 mm in 0.2 mm
divisions. Skinfold calipers require regular
calibration. For details on skinfold caliper
calibration, see Carlyon, et al. (2000), Gore, et
al. (1995), and Schmidt and Carter (1990).
The application of skinfold data to any
regression equation, or analysis of raw values,
should be made with the same caliper that
was used in the original paper. ISAK

recommends the Harpenden skinfold caliper.
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Anthropometer

The anthropometer is used to measure
heights and lengths either directly or
indirectly. Also, the instrument can be used to
measure segment lengths directly (e.g.
Radiale-stylion), large bone breadths (e.g.
Biacromial), non-bone  breadths (e.g.
Bideltoid) as well as stature and sitting height.
Estimates of segment lengths can be obtained
indirectly using projected heights measured
with an anthro-

pometer. The projected heights method uses
the difference between pairs of heights. For
example, Acromiale-Radiale length can be
obtained by subtraction: Acromiale® height
minus Radiale® height. It is recommended
that, where possible, direct measures of
segment lengths be made using a segmometer

or large sliding caliper.
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Large sliding caliper

This instrument may be the upper segment of the anthropometer or may be a specially made item. It
has two straight branches that allow measurements of large bone breadths such as the Biiliocristal
and Biacromial breadths. These branches are attached to a rigid scale since considerable pressure
must be exerted when bony dimensions are measured. The distance between the branches should

be verified to ensure it has been assembled correctly.
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5.Siber-Hegner anthropometer set up as a large sliding caliper.
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Segmometer :

The segmometer is designed to be used as an alternative to
the anthropometer (Carr, Blade, Rempel & Ross, 1993)
although it is not appropriate for measuring large bone
breadths. This instrument is manufactured from a steel
tape 100 cm long and at least 15 mm wide which has
attached two straight branches, each approximately 7-8
cm in length. The instrument is used to measure segment
lengths directly. It can also be used to measure selected

heights (e.g. lliospinale and Trochanterion heights).

¢ba&!/w%&;w5’/‘,/jbwéﬁ}ﬁ-' 125 y40

Custom-made segmometer.
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The wide-spreading caliper is a hinged
instrument used mainly to measure
anterior-posterior chest depth and other
trunk depths. The instrument arms should
be of sufficient length (approximately 25
cm beyond the measurement scale) to
allow the caliper branches to be placed
over the shoulder to the anatomica
landmarks. In the absence of a wide-
spreading caliper (e.g. Figure 7A) the
measurement of anterior-posterior chest
depth can be made using a large slid-ing
caliper with recurved or L-shaped

branches

The wide- {25 da_wlg {2l 3
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Figure 7A. Wide-spreading caliper (GPM)
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Small sliding caliper:

This caliper is used for Biepicondylar humerus and
femur breadths, as well as other small bone
breadths. It should have branch lengths of at least
10 cm, an application face width of 1.5 cm, and be
accurate to within 0.05 cm. The longer branches
allow sufficient depth to encompass the
biepicondylar breadth of the femur and humerus.
There are several commercial models available
(e.g. Figure 8A). A small sliding caliper can also be a

modified engineering vernier caliper (Figure 8B).

M/&'Jﬂ/}bjﬂ.’/zgqj, 755M
LIPS,

Figure 8A. Tommy 2 small sliding caliper

(Rosscraft).
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Figure 8B. Adapted Mitutoyo small sliding caliper.
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Anthropometric Box :

This box should have approximate

dimensions.

Size: 40cm(L) x 50cm(W) x 30cm(D). The
actual height of the box used in any
laboratory must be accurately known and
recorded on the box. It is necessary that

there is a cut section on one of them.

The side of the box that enables a person's
feet to be placed under the box while
measuring the iliopsoas height. It is also
recommended to cut hand holes to enable
the anthropometrician to hold and
reorient the box. The box is particularly
useful for helping to measure elevations
such as the lliospinale and Trochanterion
using a segmometer. In these cases, the
height of the box is added to the measured
height of the feature, and entered into the
initial model. This gives the true historical
height from the floor, and is more efficient
for anthropometrists who do not need to
bend to the floor but only to the top of the
box. The box is also useful when
measuring other lengths and widths

where the person needs to be seated (on

the box).
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Figure 9. Anthropometric box with recommended

.dimensions
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35



The anthropometric profile

There are two general ‘profiles’ commonly
used for anthropometric assessment, the so-
called Restricted and Full profiles. The
Restricted Profile (17 measurements) is a sub-
set of the Full profile (39 measurements)
(Table 1). Both profiles can be entered onto the
same proforma. Throughout this chapter the
anthropometric sites are numbered in a way
which corresponds to the site ID on the
proforma. The measurements are divided into
five broad categories: Basic, Skinfolds, Girths,

Lengths and Breadths.
The Restricted Profile

For efficient profiling, sites which are part of
the Restricted profile are identified in this
chapter with an ® symbol. The anatomical
landmarks required for exact location of these

sites are also identified with this ® symbol.

Measurement of these sites will enable
computations to be made for somatotype,
proportionality, relative body fat (using a
restricted number of prediction equations),
indices of body surface area, body mass index,
waist to hip ratio, fat patterning, and skinfold-
corrected girths. Other comparisons such as
obesity estimates and proportional mass
rankings relative to other populations of
interest can also be performed for the sites

measured.
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The Full Profile

Measurement of the sites in the Full profile
will enable additional computations to be
made such as estimates of relative body fat
(using a larger number of prediction
equations), and calculation of bone, muscle,
adipose and residual masses using
fractionation of body mass techniques

(Drinkwater & Ross, 1980; Kerr, 1988), as

well as calculations of skeletal mass and
skeletal muscle mass by various methods
(Martin et al., 1990; Martin, 1991; Janssen et
al., 2000; Lee et al., 2000).
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Type Restricted Type Restricted
Basic 1 Mass® 3 Lengths | 25 Acromiale-radiale
2 Stature® 3 26 Radiale-stylion
3 Sitting height 27 Midstylion-dactylion
28 lliospinale height
Skinfolds | 4 Triceps® 3 29 Trochanterion height
5 Subscapular® 3 30 Trochanterion-tibiale
6 Biceps® 3 laterale
7 lliac Crest® 3 31 Tibiale laterale height
8 Supraspinale® 3 32 Tibiale laterale-sphyrion
9 Abdominal® 3 tibiale
10 Front thigh® 3
11 Medial calf® 3 33 Biacromial
34 Biilocristal
Girths 12 Head 35 Foot length
13 Neck Breadths | 36 Transverse chest

14 Arm (relaxed)® 3

15 Arm (flexed and
tensed)® 3

16 Forearm (maximum)
17 Wrist (distal
styloids)

18 Chest
(mesosternale)

19 Waist (minimum)® 3
20 Gluteal (hips)® 3

21 Thigh (1 cm gluteal)
22 Thigh (mid-troch-
tib. lat.)

23 Calf (maximum)® 3
24 Ankle (minimum)

37 A-P chest depth
38 Humerus®
39 Femur®

ool o leLud¥l g JIgb¥l ccillagael | Auodoed) paliall doms 5001 dlall: 150

Skeletic, Skinfold, Girth, Length and Bearth Anatomical Landermarks.
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Marked anatomical landmarks

Landmarks are identifiable skeletal points which
generally lie close to the body’s surface and are the
‘markers” which identify the exact location of the
measurementsite, or from which a soft tissue site is
located, for example, subscapular skinfold and arm
girth. Landmarks are found by palpation or
measurement. For the comfort of the subject, the

measurer’s finger nails should be kept trimmed.

The landmark is identified with the thumb or index
finger. The site is released to remove any distortion
of the skin, then is relocated and marked using a
fine tipped felt or dermographic pen. The site is
marked directly over the landmark. The mark is
then re-checked to ensure that there has been no
displacement of skin relative to the underlying
bone. When landmarks are made using an
anthropometric tape, the mark should be made at
the top edge of the tape while the tape is held at a

right angle to the limb axis.

The landmarks described here are those required
for the measurement sites included in this
document. All landmarks are identified before any
measurements are made. The order of their
identification is as listed here. These sites represent
only a small portion of the potentially infinite

number of sites over the surface of the body.
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They are included since they are the sites
typically referenced when profilingindividuals.
It should be pointed out, however, that other
sites are often required for analyses in
ergonomics, child growth and development

and specific sporting populations.

Landmarks are identified by Latinised names.
We urge anthropometrists to use the specific
landmark terminology as presented here,
regardless of language. That is, don't translate
"Acromiale” into some other word in your
language. To facilitate communication
between anthropometrists from around the

world, use "Acromiale” as the international

term.
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Akropodion

The most anterior point on the toe of the footwhen
the subject is standing. This may be the first

or second phalanx.

Anterior patella®

The most anterior and superior margin of the
anterior surface of the patella when the subject is
seated and the knee bent at a right angle.
Dactylion

The tip of the middle (third) finger. Finger nails
should not be used as landmarks for the end of
fingers.

Glabella

The mid-point between the brow ridges.

Gluteal fold

The crease at the junction of the gluteal region and
posterior thigh.

Inguinal fold®

The crease atthe angle of the trunk and the anterior
thigh.

Orbitale®

The lower bony margin of the eye socket.
Pternion

The most posterior point on the calcaneus of the
foot when the subject is standing.

Tragion®

The notch superior to the tragus of the ear.
Vertex®

The most superior point on the skull when the

head is positioned in the Frankfort plane.
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General instructions

The precise assessment of anthropometric
measurements can be difficult and therefore
extreme care is required. In general, there is
not enough attention paid to an accurate
measurement technique and, consequently,
reproducibility cannot be obtained. The
description of the measurement procedures
seems quite simple, but a high degree of
technical skill is essential for consistent
results, especially when applied under field

test conditions.

Anthropometrists ~ wishing to become
criterion measurers (i.e. those who do not
make systematic errors and who can
demonstrate reproducibility), must be able to
routinely make accurate measurements. It is
essential, therefore, that the standard
protocols outlined in these guidelines are

strictly adhered to:

* Prior to measuring, the tester should
develop the appropriate technique. This has
been shown to reduce the level of error in
repeated measurements and among
investigators (Jackson, Pollock & Gettman,
1978; Lohman & Pollock, 1981). Repeated
measures on at least twenty subjects should
be made in orderto establish reproducibility,
and comparison of measurements with an

experienced anthropometrist will help to

establish accuracy, and to expose any
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* The right side of the body is always used for
measurements irrespective of the preferred side of
the subject. Itis sometimes impracticable to use the
right side due to injury (swelling, casts, etc.) and at
other times it is desirable to compare the two sides
of the body following injury and/or rehabilitation,
in which case the left side may be used.
Comparisons between the left and right sides of the
body have indicated that there is either no

skinfold thickness

significant  difference in
(Womersley & Durnin, 1973) or that the
differences, although statistically significant, are of
no practical significance (Martorell, Mendoza,
Mueller & Pawson, 1988) even when the subject’s
musculature and bone have hypertrophied on one
side such as in tennis players (Gwinup, Chelvam &

Steinberg, 1971; Jokl, 1976; Montoye, Smith,
Fardon & Howley, 1980).

However, there can be significant differences in
girths and occasionally bone breadths. Variations
from standard procedures should be recorded on
the proforma sheet. For example, if time permits,
left-dominant subjects may be measured on their

dominantside for somatotype analysis as originally

described by Heath and Carter (1967).
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« If possible, 2-3 measurements should be taken
at each site with the mean value being used in
any further calculations if two measurements
are taken, and the median value used if three
measurements are taken. It is especially
important  for the

beginner to repeat

measurements so that confidence and
reproducibility can be established. Where
possible, an assistant should be used to record
values and help standardise measurement

techniques.

« Sites should be measured in succession to
avoid experimenter bias. That is, a complete
data set is obtained before repeating the
measurements for the second and then third

time.

« Normally, measurements should not be taken
after training or competition, sauna, swimming
or showering, since exercise, warm water and

heat can produce dehydration and/or

hyperaeemia (increased blood flow). These may

affect body mass, skinfold

and girth

measurements.
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Basic measurement items :
Body mass®:

Body mass exhibits diurnal variation of about
1 kg in children and 2 kg in adults (Sumner &
Whitacre, 1931). The most stable values are
those obtained routinely in the morning
twelve hours after food and after voiding.
Since it is not always possible to standardise
the measurement time it is important to
record the time of day when measurements

are made.

Equipment required: weighing scale.
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2 Stature®

There are four general techniques for measuring
stature: free standing, stature against the wall,
recumbent length, and stretch stature. The
recumbent length method may be used for infants
up to 2—3 years or adults unable to stand and will
not be considered here. The other three methods
give slightly different values. It must also be
remembered that there will be diurnal variation in
stature. Generally, subjects are taller in the morning
and shorter in the evening. A loss of about 1% in
stature is common over the course of the day
(Reilly, Tyrrell & Troup, 1984; Wilby, Linge, Reilly &
Troup, 1985). The effect of this diurnal variation
can be reduced using the stretch stature method.
Therefore, the preferred technique is the stretch
stature method  described below. Repeated
measures should be taken as near as possible to the
same time of day as the original measurement. The
time of measurement should be recorded on the

proforma.

Method: The stretch stature method requires the
subject to stand with the feet together and the
heels, buttocks and upper part of the back touching
the scale. The head when placed in the Frankfort
plane need not be touching the scale. The Frankfort
plane is achieved when the Orbitale® (lower edge
of the eye socket) is in the same horizontal plane as
the Tragion® (the notch superior to the tragus of
the ear). When aligned,the Vertex® is the highest

point on the skull as illustrated in Figure 34.

dalddl 2

Aalall olal dale G o (4) dan j <llia

NEPCPEWEL]

Slazl de 2alall -

Laline sl -

I Aelall pand Liasgal) dpaedly aalall -
Ol

Jb ¥ de Lali we 2alall old 35 b Joni i
poe > 3 LS e of el giw 3-2 e AST
coolall ALY e A 3wl 33 o)) Al
Lo alisna elid il Jaad 28U 25N 3 Jall s
Sl 38 s Ll olid @B s ] ) 4l jummy
4 Jao brluo 20l8 Jobol 0 84 (wlall o) Eam a5l
A1 2alall Basd e %1 Haud uddy 1a8 oLl
(Reilly, Tyrrell & Troup, 1984; Wilby, Linge, L&l J)5
Reilly & Troup, 1985) (Reilly, Tyrrell & Troup, 1984;
2.7 4 & 44 aley 135 Wilby, Linge, Reilly & Troup, 1985)
ALl s & Luall (5 341 ony o

plasi by g @l oM lia wils Julas oSy
P AU aall st ol «ellils.Aalall sues 4 o
o] o oLl A ol Aalall pies 3 o
S gll s (pa (oS id g BT (318 Skl bl
ezl Gusisg o alaall 448 @3 sl o sl 00
sl e liall by

cady of delall e 4a b ol i s
1o Mg aSIl Luadb g e (pedall pe kil
Gl asgaie o3l lall e golall s 32l
OV ks O 6 39 il (o it e 19051 538 5Ll
®O0rbital & &5 Lecie & 193551 13 (S s Budzs @y
A5 sl s § (onadl sl Aulad| 231l

50



The measurer places the hands far enough along the
line of the jaw of the subject to ensure that upward
pressure is transferred through the mastoid processes.
The subject is instructed to take and hold a deep
breath and while keeping the head in the Frankfort
plane the measurer applies gentle upward lift through
the mastoid processes. The recorder places the head
board firmly down on the vertex, crushing the hair as
much as possible. The recorder further assists by
watching that the feet do not come off the floor and
that the position of the head is maintained in the
Frankfort plane. Measurement is taken at the end of a

deep inward breath.
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Sitting height

The height from the sitting platform to the
Vertex® when the head is held in the Frankfort
plane. The preferred technique is the stretch

stature method.

Repeated measures should be taken as near as
possible to the same time of day as the original
measurement. The time of measurement should

be recorded on the proforma.
Equipment: Stadiometer

Method: The subjectis seated on a easuring box
or level platform. The hands should be restingon
their thighs. The subject is instructed to take and
hold a deep breath and while keeping the head
in the Frankfort plane the measurer applies
gentle upward lift through the mastoid
processes. The recorder places the head board

firmly down on the Vertex®, crushing the hair as

much as possible. Care must be taken to ensure

the subject does not contract the gluteal muscles

nor push with the legs.
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Techniques for measuring skinfolds

Of all surface anthropometry measurements,
skinfolds have the lowest accuracy and

precision. Therefore, great care is needed.

* Prior to measuring, ensure that the skinfold
caliper is accurately measuring the distance
between the centre of its contact faces by
using the shortblades of an engineer’s vernier
caliper. If possible, the tester should check
that the tension of the jaws remains constant
throughout the range of measurement. A full
sweep of the needle is 20 mm and this is
reflected on the small scale on the Harpenden

caliper face.

Before using the caliper make sure that the
needle is on zero. After unlocking the small
screw, rotate the outer ring of the caliper to
adjust the position of the caliper dial directly

under the needle.
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* The skinfold is picked up at the marked line. It
should be grasped and lifted (raised) so that a
double fold of skin plus the underlying
subcutaneous adipose tissue is held between
the thumb and index finger of the left hand. The
near edge of the thumb and finger are in line
with the marked site. The back of the hand
should be facing the measurer. Care must be
taken not to incorporate underlying muscle
tissue in the grasp. In order to eliminate muscle,
the finger and thumb roll the fold slightly
thereby also ensuring that there is a sufficiently
large grasp of the fold. If difficulty is
encountered the subjectshould tense then relax
the muscle until the tester is confident that only
skin and subcutaneous tissue are in the grasp.
Since a double fold of skin (dermis) is also being
measured, some variability may be attributed to
variations in skin thicknesses at different sites
over the body and among different people
(Martin, Ross, Drinkwater & Clarys, 1985).
Despite skin thickness decreasing with age (due
to changes in collagen structure), this should
not normally be considered an important
variable since it is outside the resolution for

detection with skinfold calipers.

* The nearest edge of the contact faces of the caliper are
applied 1 cm away from the edge of the thumb and
finger. If the caliper is placed too deep or too shallow
incorrect values may be recorded. As a guide, the caliper
should be placed at a depth of approximately mid-
fingernail. Practice is also necessary to ensure the same
size of skinfold is grasped at the same location for repeat

measures.

ez g odsll bisdl ise aledl 408 bladd| on
b aogeny dmy (Lead ) LadsTg L Il
) Aia ) mad¥ ) ALY bl e 25330
28 Lsdl .6yl o) Al gl oy il s
L) A 30§ ol pn LAl 50 06 o o
Lz il s pue e ol cmy bl
Jie ol e el Jobite § L wl w4l aall
Loo M8 Al oy LWl g pio ¥ o 9y Myl
e LS 4 Ly 548 A a B g gLinyl ey

3

ol cmad Alaall 3 Hgapm ot alS 13] LI
G 3 F w3 oaall s o elall jase 4l
Gl 2 Laad dx Wiy ulal o (e sl uSly
Aot old Uiyl oy 6l Lo g el et L sy
cnbatll iy 6 5a aad (Lea¥l) il (he 22 03
oo Aaliis adlge § ol cle e 3 LaMisY ]
Martin, Ross, ) ol &l Calises oy VS el
of e @£l ey «(Drinkwater & Clarys, 1985
S 43l i) seall puds g (Bl lal clew
o Jiel (o Say ooF Ay ¥ ST Y] (¥l Ay &
plaziwly ca a0 485 Bl 7 §5 ¥ lage paie
el L5 e
e sl il Jlias¥l o 92 9 (p0 Bl o 31 Gauas o
=293 13l g oW gl Y Al (1o @i T imy
o 4a8 i szl ol 102 Gees JSin sl 4]l
ol el s g um (S Amimis pl @B Juzmud
Slalall s faad b a5 yalall o iatio Goe e
ol LS ez s ciladanl plagat BagT & 9 140
Laleall 51 Kol a8 okl s 3
Ll a8 g0 mlawe (de Az p 90 Al 3 sl Jall s @y
Sl il I el e Lo 13 LBl aen § sl
O did o e S Ll Slme s of ¥ 5L
oo izl uST o ey 43,80 e Uz o) 280l
LT 28l A8 can Ja3 bl et &1 ol o
54



* The caliper is held at 90° to the surface of the
skinfold site at all times. If the caliper jaws are
allowed to slip or are incorrectly aligned the distance
recorded may be inaccurate. The tester must make
sure the hand grasping the skin remains holding the

fold while the caliper is in contact with the skin.

» Measurementis recorded two seconds after the full
pressure of the caliper is applied (Kramer & Ulmer,
1981). It is important that the measurer makes sure
that fingers resting on the caliper trigger do not
prevent the full caliper pressure from being exerted.
In the case of large skinfolds, the needle may still be
this The measurement is

moving at point.

nevertheless recorded at this time. This
standardisation is necessary since adipose tissue is
compressible (Martin et al., 1985). A constant
recording time enables test/retest comparisons to be

made while controlling for skinfold compressibility.

 As with other measurements, skinfold sites should
be measured in succession to avoid experimenter

bias.

That is, a complete data set is obtained before
repeating the measurements for the second and then
third time. This may also help to reduce the effects of
skinfold compressibility. They should be measured in
the same order as listed on the proforma so that the
assistant is familiar with the routine and errors are

min-
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imised. (Note: If consecutive skinfold

measurements become smaller, the
adipose tissue is likely being compressed
where the intra- and extracellular fluid
content is gradually being reduced. This
most often occurs in the fatter subjects. In
this instance the tester should move to the

next site and return to the original site after

several minutes.)

+ Skinfold measurements should not be
taken after training or competition, sauna,
swimming or showering, since exercise,
warm water and heat produce hyperemia
(increased blood flow) in the skin with a
concomitant increase in skinfold thickness.
Additionally, it has been suggested that
dehydration causes the skinfold thickness
to increase due to changes in skin turgidity
or tenseness (Consolazio, Johnson &
Pecora, 1963). However, a more recent
study (Norton, Hayward, Charles & Rees,
2000) failed to find differences

between skinfolds taken before and after
moderate dehydration induced by heat

and/or exercise.
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5.1 Techniques for measuring girths
Equipment: Anthropometry tape, box

Method: The cross-hand technique is used for
measuring all girths and the reading is taken
from the tape where, for easier viewing, the
zero is located more lateral than medial on the
subject. In measuring girths, the tape is held at
right angles to the limb or body segment which
is being measured and the tension of the tape
must be constant. Constant tension is achieved
by ensuring that there is no indentation of the
skin, but the tape holds its place at the
designated landmark. While constant-tension
tapes may be available, non-tension tapes are
preferred since they allow the anthropometrist
to control the tension. The objective is to
minimise the gaps between the tape and the
skin, and to minimise indentations of the skin
wherever possible. Anthropometrists should
realise that this is not always achievable.
Where the contour of the surface of the skin
becomes concave, for example, across the
spinal column, continuous contact with the

skin is neither achievable nor desirable.
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To position the tape, hold the case in the right
hand and the stub in the left. Facing the body
part to bemeasured, pass the stub end around
the back of the limb and take hold of the stub
with the right hand which then holds both the
stub and the casing. At this point the left hand is
free to manipulate the tape to the correct level.
Apply sufficient tension to the tape with the
right hand to hold it at that position while the
left hand reaches underneath the casing to take
hold of the stub again. The tape is now around
the part to be measured. The middle fingers of
both hands are free to exactly locate the tape at
the landmark for measurement and to orientate
the tape so that the zero is easily read. The

juxtaposition of the tape ensures that

there is contiguity of the two parts of the tape
from which the girth is determined. When
reading the tape the measurer’s eyes must be at
the same level as the tape to avoid any error of

parallax.
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7.1 Techniques for measuring breadths

Equipment: Large sliding caliper, wide-

spreading caliper, small sliding caliper, box

Method: Both the small sliding caliper and
the large sliding caliper are held in the same
way. The caliper lies on the backs of the hands
while the thumbs rest against the inside edge
of the caliper branches, and the extended
index fingers lie along the outside edges of the
branches. In this position the fingers are able
to exert considerable pressure to reduce the
thickness of any underlying softtissue and the
middle fingers are free to palpate the bony
landmarks on which the caliper faces are to be

placed.

The measurements are made when the caliper
is in place, with the pressure maintained
along the index fingers. However, for
transverse chest breadth and anterior-
posterior chest depth only light pressure is
applied to avoid any injury or pain to the

subject.
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Secondary computation of fatness

There are over 100 equations for predicting
fatness from skinfold measurements. The fact
that these equations sometimes predict quite
differentvalues for the same individual leads to
the conclusion that the equations are
population-specifi ¢, i.e. the equation only
accurately predicts the criterion value (usually
densitometrically determined) for the specific
population in the validation study. When
appliedto other populations the equation loses
its validity. This diversity will be illustrated if
estimates of per cent fatare computed from the
following frequently used equations. It should
be observed that while inter-individual
comparisons of per cent fat may not be valid for
many of the reasons previously discussed,
intra-individual

comparisons of repeated

measurements may provide useful
information. The summation of skinfold values
will also provide comparative values avoiding
some of the assumptions associated with

estimates of proportionate fatness.
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Parizkova (1978) — ten sites

%PFat = 39.572 log £10 — 61.25 (females 17-45 y.)
%PFat =22.320 log ¥10 —29.00 (males 17-45y )

X = 210 skinfolds as specified (mm).

Durnin and Womersley (1974) — four sites

body density = 1.1610 — 0.0632 LogX4 (men)
body density = 1.1581 — 0.0720 LogX4 (women)

body density = 1.1533 — 0.0643 LogX4 (boys)

body density = 1.1369 — 0.0598 LogX4 (girls)

%F (Siri, 1956) = [(4.95 / Body Density) — 4.5] x 100
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where X4 = ¥4 skinfolds as specified (mm)

Jackson and Pollock (1978) — three sites (males)

body density of males = 1.1093800 — 0.0008267 (£3M) + 0.0000016 (X£3M)2 — 0.0002574

(agey)

Peterson et al. (2003) — four sites

For men:
%Fat =20.94878 + (age x 0.1166) — (Ht x 0.11666) + (X4 x 0.42696)— (X42 x
g
0.00159)

For women:
%Fat=22.18945 + (age x 0.06368) + (BMI x 0.60404) — (Ht X 0.14520)

+ (24 x 0.30919) — (X42 x 0.00099562)

Htisin cm and X4 = the sum of skinfolds as specified.

Jackson et al. (1980) — three sites (females)
body density of females = 1.099421 — 0.0009929 (Z3F) +0.0000023 (Z3F)2 —0.0001392

(agey)

%F (Siri, 1956) = [(4.95 / Body Density) —4.5]x100
where X3M = X3 skinfolds (mm) as specified for males

23F = X3 skinfolds (mm) as specified for females.

Jackson and Pollock (1978) — seven sites

body density of males = 1.112 — 0.00043499 (X7) +0.00000055 (X7)2 — 0.00028826 (age y)
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Jackson et al. (1980) — seven sites

body density of females = 1.097 — 0.00046971 (X7) + 0.00000056 (X7)2
—0.00012828 (age y)

%F (Siri, 1956) = [(4.95 / Body Density) —4.5]x100

27 = X7 skinfolds as specified (mm)

Reference Parizkova Jackson Jackson Jackson Jackson Durninand Peterson | Peterson

(1978) .etal and .etal and Womersley .etal .etal

(1980)  Pollock  (1980) Pollock  (1974) (2003) | (2003)

X3 X3 X7 X7 X4
Population M&F female male female male M&F male female
BMI *
Age () 1+ | * | - - :
Height (cm) * *
Skinfold Site
Cheek *
Chin *
Pectoral (chest 1) & * * *
Axilla (midaxillary) * *
Chest 2 2
lliocristale *
Abdomen *
Abdominal * * *
lliac Crest * * *
Suprailium * * *
Subscapular & * * * * *
Triceps * * * * * * *
Biceps *
Patella *
Mid-thigh & * * * * *

Proximal calf *

*Referred to as ‘suprailiac’ by Durnin and Womersley (1974) and ‘iliocristale’ by Parizkova.(1978)
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:(FFMI) fat free mass index ag=ddl (o 2Ll AaSI) ;456 15111
oSy gl ardadl Blail) (rais (aoa byl A ianll ALST) S 13) Lo qupas) FFMI Jalae ool g
a9 Bueluw (990 Jgdae JSdo dades s Lo gl 613 Lo o degly

pietuns (1995) (19,515 658 dulys (e wibily e [(p) Jotall - 1.8) X 6.1] sesmsmtll Jolall dazay
S Lol bl § Lz

2 Aslall 3 Ogaadl Ay 2SIl Jolall b S5l

FFMI = [Mass (kg) x [(100 - %fat)/100)) + 6.1 x (1.8 - Height (m)] / Height?

Ll

dedl =25 trasly iae =22 tedlasll bowgie la =20 fedlaall Lndsie il 4a5=18

2¢Lw-i-"

doedl = 22 cedaall Wgiaa 8l =17 tedlanall da wgio Ll 8lyal =15 tedMlaall Lndsin=13

:BIOELECTRICAL IMPEDANCE ANALYSIS (BIA) Lgumed) Aoy SI A3glall b=y 15.1.2

oo Adldl) 2l dzm W GLpSO Jemstdl pailgas e ol AL S @dnds (olid ainy
(Ogaalt 25681 2L doewi¥lg (Oga !

tfa.E.L\ Al _wny Jjja.' Lsysg Jeladdly daglacld als P L.;L’J'QS'” oLl 3dut A8glall ) @
(Osadl (e bzl of A8l dmud¥)) Juogall (2 2]l
Adglall Jetard pils (S () 28L,SI Aaglall pusznd @

LAY ALl booyd

L as el e dd) 05 O camy HLasdl el y] L8
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(Aaigall 48,401 olerdal o

el ol § Sl bl Jaadl Jumaald gplall mlaadl o coyally Lazs @

el adl e sl (T, olall ] jnyll glall ol (e @

S ! Jaidl Jumall o oydlly sasdl puall s ylall alowdl e @

@sllly (@i ¥l U IS0 oy cpad¥l U SU ol mhasdl e @

il Blayly Jaloetll Sl sl slidl s guge pasddl iy O oy @

o l2¥ LSS b (35180 580l e gue pasedd) Al O cumy @

R S |

:ondldl ot Ggand! cre Al ST ua ) ol claiall A4S, 400 cladal cous

o 2leel 79155 cLolae Ml s d 343 Lasde Eoxy Lige (0 Aanin (2001)Kyle etal. slas
eSS X 228 735l (obaredl dasls Jleniuls (Aiw 94-18 (4
Kyle etal. (2001) (derived from 343 healthy adults aged 18—94 years using DXA

as the criterion).
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FFM (kg) = (0.518 x Ht%/R) + (0.231 x body mass) + (0.130 x Xc) + (4.229 x gender) — 4.104

R2=0.97:SEE=1.8kg

S sl 7 3559 45l 481D 244,L /661 /Deurenburg etal. (1991) Uslas
Deurenburg etal. (1991) (derived from 661 healthy adults using a multicomponent

model and hydrodensitometry as the criterion).

FFM (kg) = (0.34 x Ht?/R) +(0.1534 x Ht) + (0.273 x body mass) — (0.127 x age)
+(4.56 x gender) — 12.44
R = 0.93SFE=2.6 kg

Ht = height (cm); R = resistance (£1); Xc = Reactance, age = years, gender for

males =1, females=0

:For prediction of fat-free mass in children JLb3 Hgat! ;e adUed) alast wyosed!

Houtkooper et al. (1989) (derived from 94 North American children aged 10—14 years using a

multicomponent model using hydrodensitometry and TBW as the

criterion).
FFM (kg) =2.69 + (0.58 x Ht*/R) + (0.24 x body mass)
R’ =0.96 SEE =2.00 kg
Eston etal. (1993) (derived from 94 Hong Kong Chinese children aged 11—17 years
using a children’s skinfold equation as the criterion).
FFM (kg) =3.25 + (0.52 x Ht?/R) + (0.28 x body mass)
R°=0.93SEE=2.20 kg
:For prediction of skeletal muscle (SM) mass in adults (nadld! wic ddinall 2SI yuzdd
SM mass (kg) = (Ht?/R x 0.401) + (gender x 3.825) + (age x 0.071) +5.102
(Janssen et al. 2000)

Where:
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ht = height (cm); R = resistance ({1); M = mass (kg); gender for males=1,

females = 0; age in years

g3l sty Lsdee Aaidie ¥ alas ploieialy dun gl delnall 2| o dulnall Al youds 15.2
ESTIMATION OF MUSCLE MASS AND REGIONAL MUSCULARITY USING IN VITRO- AND IN

VIVO DERIVED EQUATIONS
Lgsaally LN cHlasll st Lgllall duadll jughad
:In vitro-derived equations yikll § daid! c¥slall -
Matiegka (1921) — males and females :

M (kg) = [(CDU + CDF + CDT + CDC)/8]2 x ht (cm) x 6.5 x 0.001
M % = (M kg / body mass) x 100

max upper arm girth
n

CDU =

—triceps SF (cm)

max forearm girth forearm SF 1(cm) + forearm SF 2(cm)

CDF = - >
(mid thigh girth) . ] .
CDT = - - mid thigh skinfold (cm)
(max calf girth) . i
CDT = - - mid calf skinfold (cm)

 foslindls Zalall gaht  ®

AW Slzaall § dxmall S il ol piie dudxs ©

LadI=C (ixall=T (aeludl=F 5Ll el U=J zrsall Jlasll g2 CD @
0/ 5l el 3e1,8 (61 ¢ lasliandly alendl il (e paddl camy il Lede @
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Martin et al. (1990) — males only laid ;oS!

M (kg) =[ht x (0.0553 CTG2 + 0.0987 FG2 + 0.0331 CCG2) — 2445] x 0.001
M % = (M kg /body mass) x 100

R2=0.97,SEE=1.53Kg ®

i Aaiiadl Lalall gaht @

(10\dzeald 2pa ¥l 2dtl) T0 — dzeal) Laymo = ol ayxs mumsas 52 CTG @

delud) oad¥l Lzl ga FG ®

Gladl Blewd Lo sgall 4331) T — Gludl Llew ayms = pasall Gludl oy 92 CCG @
(10\

:In vivo-derived equations )| gzl (o ddidd! S¥slall 15.3
ol il 2w 81-20 oy maylos 79155 815009 My 244 (0 Buiaies) &Llg 483 (2000) Lee et a/
OleaeS b liall (i3l jagatll

st Slds - e Z 39

SM (kg) = Ht (cm) x (0.00744 x CAG2) + (0.00088 x CTG2)+ (0.00441 x CCG2

,(2.4 x gender) x (0.048 x age) +race + 7.8 +

R?=0.91, P<0.0001, SEE=2.2 Kg o

daall el 28 Jleatwls (pw) ¢ Ll s mueias 50 CAG @
(L) 25 XT) — nal) Sagma = raal) Lol

sl basg il 405 Jleazuly (o) el s muzeins 50 CTG @

Sl oy e 25 Jleazaly () Loimo pesms 52 CCG @
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,gender =0 for female and 1 for male ®

race = —2.0 for Asian, 1.1 for African American, and O for white and Hispanic @

:Body weight and height model Jolallg eud! ) 39 Z39ad

SM (kg) = (0.244 x body mass (kg)) + (7.80 x Ht (cm)) — (0.098 x age) + (6.6

gender) + race — 3.3

® R?=0.86,P<0.0001, and SEE =2.8 kg;

® gender =0 forfemale and 1 for male,

® race=—1.2for Asian, 1.4 for African American, and O for white and Hispanic
(o P )
:ESTIMATION OF SKELETAL MASS ‘:;déa.” M‘ Et.USﬁ.\.EJ 15.4

LS,y uaally 55801 e pllaall g Ludly By Uolsyl Jogsyy gl laall USedl Gilie e 1450 52

J> 801,
Matiegka (1921) — males and females.
S (kg) = [(HB + WB + FB + AB)/4]2 x ht x 1.2 kg x 0.001
$% = (S kg / body mass) x 100

« bistyloideus ueludl swil 45, WB « biepicondylar humerus auaall qlac swil jo,c 1 HB

4Lall height ht . bimalleolar J>ISJ1 s6d] (o ,c AB (biepicondylar Jissll elac swdl 4o, FB
el

Drinkwater et al. (1986) — males and females

S (kg) = [(HB + WB + FB + AB)/4]2 x ht x 0.92 kg x 0.001

S % = (kg S/ body mass) x 100
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Figure a) Team sports.
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Figure b) Combat sports
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Figure c) Speed and endurance sports.
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Characteristics of the sources of evidence from modern elite athletes

n | Study Caliper Height  BMI ENDO MESO Clasification
Reference design (cm) (kg/m?)
Bodybuilding, van der 5 Casecontrol Harpenden Female | 35.60 60.6 167.4 212 1.7 4.8 27 Ectomorphic
TOP 10 of the Ploeg et al, mesomorph
South (2001)
Australian [55]

Bodybuilders’
Association
1998 and
Australian
Natural
Bodybuilding
Organization

1999

Basketball, Jeli¢i¢ etal., 54 Cross- Not Male 17.78 90.4 198.0 230 2.8 37 3.8 Central
European (2002) [56] sectional specified
Junior
Basketball
Championship
2000

Position:

forward

Basketball, Jelici¢ etal., 53 Cross- Not Male 17.80 813 188.0 230 32 4.2 32 Central
European (2002) [56] sectional specified
Junior
Basketball
Championship
2000

Position: guard

Basketball, Jelici¢ et al., 25 Cross- Not Male 17.80 101.2 205.3 24.0 3 35 37 Central
European (2002) [56] sectional specified

Junior

Basketball

Championship
2000

Position:

center
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Soccer, high level Can Crosssectional ! d 5 ! 4 Mesomorphendomorph

in Turkey et al.,
(2004)
[57]
Rowing, Slater et 28 Crosssectional Harpenden Female 23.00 57.4 170.0 19.9 28 33 37 Mesomorphectomorph
Australian al,
Championships (2005)
2003.U-23 [58]

Category: light

weight

Rowing, Slater et 17 Crosssectional Harpenden Female OPEN 57.90 1703 20.0 24 33 37 Mesomorphectomorph
Australian al.,

Championships (2005)

2003.U-23 58]

Category: light

weight

Rowing, Slater et 35 Crosssectional Harpenden Male 23.00 70.6 1816 214 1.4 4.4 36 Ectomorphic mesomorph
Australian al.,

Championships (2005)

2003.U-23 [58]

Category: light

weight

Rowing, Slater et 27 Crosssectional Harpenden Male OPEN 71.20 180.7 212 1.4 4.8 3.4 Ectomorphic mesomorph
Australian al,

Championships (2005)

2003.U-23 [58]

Category: light

weight

Volleyball, Duncan et Not Crosssectional Holtain Male 17.50 712 191.0 19.5 26 19 53 Endomorphic ectomorph
England men’s al, specif

junior  volleyball (2006) ied

squad [59]

Position: setter

Volleyball, Duncan et Not Crosssectional Holtain 713 190.0 19.8 N 25 5.1 Balanced ectomorph

England men’s junior al, specif ied

volleyball squad (2006)

[59]

Position: opposite

Volleyball, Duncan et Not specif Crosssectional Holtain Male 17.50 77.6 187.0 222 22 39 3.6 Mesomorphectomorph
England men’s junior al., ied
volleyball squad (2006)

[59]

Position: center
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Volleyball, Duncan et Not specif Crosssectional Holtain Male 17.50 77.9 193.0 209 24 26 4.6 Balanced ectomorph
England men’s junior al., ied
volleyball squad (2006)
[59]
Position: hitter
Handball, Greek first Bayios et 222 Crosssectional John Bull Female 21.50 65.1 165.9 236 42 | 47 1.8 Mesomorphendomorph
National al.,
League (2006)
[60]
Basketball, Greek first Bayios et 133 Crosssectional John Bull Female 2210 715 1747 234 37 32 24 Mesomorphendomorph
National al,,
League (2006)
[60]
Volleyball, Greek first Bayios et 163 Crosssectional John Bull Female 23.80 69.5 1771 221 34 27 29 Central
National al,
League (2006)
[60]
Rugby, Lundy et 31 Crosssectional Harpenden Male 25.00 85.5 177.9 27.0 22 6.5 12 Endomorphic
Australian Rugby al., mesomorph
League (2006)
[61]

Position: back

Rugby, Lundyetal, 45 Crosssectional Harpenden Male 2540 | 984 1827 295 238 7.2 0.8 Endomorphic
Australian Rugby (2006) [61] mesomorph
League
Position: forward
Gymnastics, Rodriguez & 25 Crosssectional Harpenden Male 212 65.5 166.2 237 19 6.7 16 Balanced
Argentina’s Berral, (2006) mesomorph
National Team [62]
Tennis, Davis Junior Cup and SanchezMuiioz et 12 Crosssectional Holtain Male 16.40 704 176.9 225 22 53 28 Ectomorphic
Fed Junior 2005 y al, mesomorph
2006 (2007) [63]
Speciality:
Doubles
Powerlifting, Keogh etal., 15 Crosssectional Slim Guide Male 33.40 121.9 174.7 399 6.3 10.7 0.1 Endomorphic

national and (2007) [64] mesomorph
international competitions

from New

Zealand
Category:
heavyweight
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Powerlifting, Keogh etal,, 9 Crosssectional Slim Guide Male 3540 | 689 163.0 259 32 75 1.1 Endomorphic
national and (2007) [64] mesomorph
international competitions

from New

Zealand

Category: lightweight

Powerlifting, Keogh etal,, 30 Crosssectional Slim Guide Male 37.90 87.7 174.7 28.7 3.2 8.0 0.7 Endomorphic
national and (2007) [64] mesomorph
international competitions

from New

Zealand

Category:

middleweight

Volleyball from the Greek Malousaris et al, 19 Crosssectional Not Female 2570 | 72.80 181.2 222 33 25 33 Central
National League (2008) [65] specified

Position: hitter

Volleyball from the Greek Malousaris et al, | 26 Crosssectional Not Female 2570 | 74.30 182 224 32 22 32 Central
National League (2008) [65] specified

Position: center

Volleyball ~from the Malousaris et al, 8 Crosssectional Not Female 2570 | 7140 183.6 213 26 23 39 Balanced ectomorph
Greek (2008) [65] specified

National League

Position: opposite

Volleyball from the Greek Malousaris et al., 17 Crosssectional Not Female 2570 | 67.80 176.9 21.8 34 22 32 Endomorph

National League (2008) [65] specified ectomorph

Position: setter

Volleyball from the Malousaris et al Crosssectional % Female K b 8 2.8 Central

Greek (2008) [65] especifica

National League

Karate, Pieter & | 5 Crosssectional Lange Female 20.25 55.8 161 215 3.1 3.7 24 Endomorphic
Philippines’ Bercades, mesomorph
national team (2009) [66]

Fencing, Pieter & | 6 Crosssectional Lange Female 2433 54.3 1533 231 37 4.8 13 Endomorphic
Philippines’ Bercades, mesomorph
national team (2009) [66]
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Pencak silat, Pieter & | 5 Crosssectional Lange Female 204 533 156.3 21.8 4 4.1 19 Mesomorphendomorph
Philippines’ Bercades,
national team (2009) [66]
Karate, Pieter & 12 Crosssectional Lange Male 24 64.3 169.7 223 24 4.7 26 Balanced mesomorph
Philippines’ Bercades,
national team (2009) [66]
Pencak silat, Pieter & | 8 Crosssectional Lange Male 26.88 70.9 169.9 245 32 5.6 2 Endomorphic
Philippines’ Bercades, mesomorph
national team (2009) [66]
Baseball, 43rd Carvajal etal., 20 Crosssectional Not Male 28.56 98.3 183.7 293 3.38 6.83 0.6 Endomorphic
Cuban National (2009) [67] specified mesomorph

Baseball Series

Position:  first
baseman

Baseball, 43rd Carvajal etal., 26 Crosssectional Not Male 28.56 827 179 258 2.86 591 1.54 Endomorphic
Cuban National (2009) [67] specified mesomorph

Baseball Series

Position: infielder

Baseball, 43rd Carvajal etal,, 20 Crosssectional Not Male 28.56 90.16 179.2 281 4.08 6.84 | 032 Endomorphic
Cuban National (2009) [67] specified mesomorph

Baseball Series

Position: catcher

Baseball, 43rd Carvajal etal., 20 Crosssectional Not Male 28.56 883 177.1 282 2.96 6.66 0.66 Endomorphic
Cuban National (2009) [67] specified mesomorph

Baseball Series

Position: outfielder

Baseball, 43rd Carvajal etal., 20 Crosssectional Not Male 28.56 876 1815 26.7 3.26 5.66 1.47 Endomorphic
Cuban National (2009) [67] specified mesomorph

Baseball Series

Position: pitcher

Windsurf, Cortell- 15 Crosssectional Holtain Male 25.40 83.1 184.6 243 2.3 5.0 2.4 Balanced mesomorph
Formula Tormo etal.,

Windsurfing (2010) [68]

World

Championships

2007
Soccer, Turkey's Hazir (2010) 90 Crosssectional Holtain Male 259 75.6 178.6 237 24 4.8 23 Balanced mesomorph
Super League [69]

Position: defender

Soccer, Turkey's Hazir (2010) 56 Crosssectional Holtain Male 252 76.6 177.9 242 24 5 21 Balanced mesomorph

Super League [69]

Position: forward
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Soccer, Turkey’s

Super League

Position: midfielder

Hazir | (2010)

[69]

120

Crosssectional

Holtain

Male

25.8

73.9

176.1

23.8

2.5

49

2.2

Balanced mesomorph

Soccer, Turkey's

Super League

37

Crosssectional

Holtain

Balanced

mesomorph

Judo, Spanish Franchini et [ 8 Crosssectional Harpenden Male 2210 825 179.8 255 21 52 16 Balanced
National Team al., (2011) [70] mesomorph

Judo, Spanish Franchini et 18 Crosssectional Harpenden Female 2410 64.7 163.3 242 3.8 4.8 1.7 Endomorphic
National Team al., (2011) [70] mesomorph

Karate, Polish SterkowiczPrzybycieri, 14 | Crosssectional Holtain Male 26.70 86.10 179 269 37 5.8 .3 Endomorphic
International (2010) [71] mesomorph
Team

Karate, Polish SterkowiczPrzybycien, 16 Crosssectional Holtain Male 23.50 81.40 180 251 35 5 2 Endomorphic
National Team (2010) [71] mesomorph
Sprint paddlers, Royal | Alacidetal., 31 Crosssectional Harpenden Female 14.11 56.27 164.86 209 3.6 37 3 Central
Spanish (2011) [72]
Canoeing
Federation
Sprint paddlers, Royal | Alacidetal, 64 | Crosssectional Harpenden Male 14.16 60.44 | 169.12 211 26 46 31 Balanced
Spanish (2011) [72] mesomorph
Canoeing
Federation

Water polo, Ferragutetal., 9 Crosssectional Holtain Male 2510 82.00 184.4 242 253 5.01 24 Balanced
Spanish Team (2011) [73] mesomorph
Position: wing

Water polo, Ferragutetal., 5 Crosssectional Holtain Male 21.00 91.40 186.7 26.4 3 5.8 19 Endomorphic
Spanish Team (2011) [73] mesomorph
Position:  center
back

Water

Spanish Team

Position:  center

forward

Greco-roman wrestling,

Polish Team

Category: heavyweight

Ferragutetal.,

(2011) [73]

SterkowiczPrzybycien et

al, (2011) [74]

Crosssectional

Crosssectional

Holtain

Holtain

Male

Male

24.80

23.50

102.3
0

92.40

192.1

182

279

22

6.8

1.1

Endomorphic

mesomorph

Endomorphic

mesomorph
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Greco-roman wrestling, SterkowiczPrzybycien et 1 Crosssectional Holtain Male 26.50 70.10 168 24.8 17 6.3 13 Balanced
Polish Team al, (2011) [74] mesomorph
Category: lightweight
Judo, Judo | SterkowiczPrzybycien & 22 Crosssectional Holtain Male 22.20 87.40 179.6 27.3 32 6.32 1.64 Endomorphic
European Almansba, mesomorph
Championships (2011) [75]
Diisseldorf 2003
Judo, European SterkowiczPrzybycien & 12 Crosssectional Holtain Female 23.10 74.80 169.3 26.2 4.04 4.89 1.55 Endomorphic
Judo Almansba, mesomorph
Championships (2011) [75]
Bucharest 2004
Mountain climbing Barbieri et al., 10 Crosssectional Lange Male 41.40 70.6 176.1 227 1.6 5.3 2.6 Ectomorphic
21years (2012) [76] mesomorph
of
experience
Volleyball, Carvajal etal., 9 Crosssectional Holtain Female 21.8 79 1871 226 29 34 34 Central
Cuban women'’s (2012) [77]
volleyball team
Position: center

Volleyball,

Cuban women'’s

volleyball team

Position: setter

Carvajal et
al.,

(2012) [77]

Crosssectional

Holtain

Balanced

mesomorph

Volleyball, Carvajal et 24 Crosssectional Holtain Female 232 745 180.7 223 2.8 36 2.9 Central
Cuban women's al,
volleyball team (2012) [77]
Position: hitter
Volleyball, highest Martin- 29 Crosssectional Holtain Female 24.80 68.30 176.6 220 26 36 3.1 Central
Spanish league Matillas et
al,
Position: setter (2014) [78]
Volleyball, highest Martin- 18 Crosssectional Holtain Female 24.80 81.80 183.8 24.4 33 39 25 Endomorphic
Spanish league Matillas et mesomorph
al,
Position: opposite (2014) [78]
Volleyball, highest Martin- 47 Crosssectional Holtain Female 24.80 75.90 184.8 224 2.8 3.2 3.4 Central
Spanish league Matillas et
al,,
Position: center (2014) [78]
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Volleyball, highest Martin- M Crosssectional Holtain Female 24.80 76.70 183.6 229 28 34 3.1 Central

Spanish league Matillas et
al.,
Position: hitter (2014) [78]

Volleyball, highest Marti Crosssectional Holtain Female o . ! " Endomorphic

Spanish league Matillas et al., mesomorph

(2014) [78]

Marathon, high level from Vernillo etal., 14 | Crosssectional Holtain Male 27.71 57.7 171.2 19.7 1.3 16 39 Balanced ectomorph

Kenia (2013) [79]

Triathlon, 1997 Triathlon World Landersetal., 20 Crosssectional Not Male 27.5 72.3 179.8 226 19 4.2 3 Ectomorphic

Championships (2013) [80] specified mesomorph

Triathlon, 1997 Triathlon World Landers etal., 18 Crosssectional Not Female 293 59.5 168.3 211 28 36 3 Central

Championships (2013) [80] specified

Ssireum wrestling, Noh et 7 Crosssectional Jamar Male 21.30 78.90 1741 26.0 32 5.6 13 Endomorphic
elite and al., mesomorph

professional (2013a) [81]

Category: gyungjang

Ssireum wrestling, Noh et 4 Crosssectional Jamar Male 2130 82.20 174.8 271 32 57 1 Endomorphic
elite and al,, mesomorph

professional (2013a) [81]

Category: sojang

Ssireum wrestling, Noh et 5 Crosssectional Jamar Male 21.30 87.90 176 284 41 6.4 0.7 Endomorphic
elite and al., mesomorph

professional (2013a) [81]

Category: chungjang

Ssireum wrestling, Noh et 3 Crosssectional Jamar Male 21.30 90.50 177 288 42 57 0.6 Endomorphic
elite and al., mesomorph

professional (2013a) [81]

Category: yongjang

Ssireum wrestling, elite Noh et 4 Crosssectional Jamar Male 21.30 94.50 179.8 29.5 45 5.9 0.6 Endomorphic

and professional al,, mesomorph
(2013a) [81]

Category: yongsa
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Ssireum wrestling, elite Noh et 4 Crosssectional Jamar Male 21.30 111.9 1825 338 58 | 6.6 0.2 Endomorphic
and professional al,, 0 mesomorph
(2013a) [81]
Category: yeoksa
Ssireum wrestling, elite Noh et 5 Crosssectional Jamar Male 21.30 1363 184.6 402 72 | 82 0.1 Endomorphic
and professional al., 0 mesomorph
(2013a) [81]
Category: jangsa
Taekwondo Noh et 7 Crosssectional Jamar Male 19.70 61.60 1741 20.3 21 2.7 39 Mesomorphic
Gyorugi al, ectomorph
(2013b) [82]
Category: <58 kg
Taekwondo Noh et 12 Crosssectional Jamar Male 19.70 70.70 180.8 218 23 2.3 34 Balanced ectomorph
Gyorugi al.,
(2013b) [82]
Category: <68 kg
Taekwondo Noh et 9 Crosssectional Jamar Male 19.70 77.20 183.1 23.0 19 31 31 Mesomorphectomorph
Gyorugi al.,
(2013b) [82]
Category: <80 kg
Taekwondo Noh et 3 Crosssectional Jamar Male 19.70 91.30 187 26.1 29 2.8 1.9 Central
Gyorugi al.,
(2013b) [82]
Category: >80 kg

Ten dance, TOP 6 in the world

al.,

(2014) [83]

Crosssectional

Holtain

Ectomorphic

mesomorph

Latin dance, TOP Liiv et 7 Crosssectional Holtain Male 21.50 700 175.0 228 24 43 26 Balanced mesomorph
6 in the world al,

(2014) [83]
Ten dance, TOP 6 in the world Liiv et 1 Crosssectional Holtain Female 19.00 55.5 167.0 19.9 31 3.0 34 Central

al,

(2014) [83]
Latin dance, TOP Liiv et 7 Crosssectional Holtain Female 2110 53.4 163.0 20.0 31 3.0 31 Central
6in the wolrd al,

(2014) [83]
Standard dance, TOP 6 in the Liiv et 12 Crosssectional Holtain Female 25.30 57.3 171.0 19.6 25 25 39 Balanced ectomorph
world al,

(2014) [83]
Standard dance, TOP 6 in the Liiv et 12 Crosssectional Holtain Male 26.70 725 183.0 216 22 3.7 36 Mesomorphectomorph
world al,

(2014) [83]
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Olympic wrestling, Ramirez- 21 Crosssectional Lange Male 27.90 66.3 165.6 24.1 38 53 16 Endomorphic
National Institute of Velezetal, mesomorph
Sports, (2014) [84]
Physical
Education and Recreation
of Valle del Cauca,
Colombia
Rhythmic gymnastics, Purenovié- 5 Crosssectional Not Female 18.13 576 168.9 20.1 4.6 BIS 35 Balanced endomorph
National Ivanovié & specified
Championships Popovi,
2012, Serbia (2014) [85]

Surf,

International

Wolrd Qualifying Series

5-star

event 2010

Barlow et al.,

(2014) [86]

Crosssectional

Harpenden

Endomorphic

mesomorph

Elite boxing, Noh et 6 Crosssectional Jamar Male 193 583 168.1 206 1.8 32 31 Mesomorphectomorph
South Korea al.,
(2014) [87]
Category: lightweight
Elite boxing, Noh et 8 Crosssectional Jamar Male 19.3 68 171.4 232 23 3.7 22 Balanced mesomorph
South Korea al,
(2014) [87]
Category:  light
middleweight
Elite boxing, Noh et 5 Crosssectional Jamar Male 193 725 177.6 231 21 35 26 Balanced mesomorph
South Korea al.,
(2014) [87]
Category:
middleweight
Elite boxing, Noh et 4 Crosssectional Jamar Male 19.3 89.3 179 27.8 35 4.5 1.1 Endomorphic
South Korea al., mesomorph
(2014) [87]
Category: heavyweight
Jiu-Jitsu, World Baez et 15 Crosssectional Slim Guide Male 25.33 75.9 176.6 243 217 5.9 2.07 Balanced mesomorph
BJ) al,
Championship (2014) [88]
2012
Guard fighter
Jiu-Jitsu, World Baez et 10 Crosssectional Slim Guide Male 27.77 75 170.8 25.7 2.3 7 1.26 Endomorphic
BJ) al, mesomorph
Championship (2014) [88]
2012

Pass fighter
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Soccer, reserve players 1st d Fidelix etal., 18 Crosssectional Cescorf | Male 16.17 70.2 175.8 22.7 25 | 47 26 Balanced

Brazil (2014) [89] mesomorph

Position: forward

Soccer, reserve players 1st division of Fidelix et al., 22 Crosssectional Cescorf Male 16.09 69.9 177.6 221 2.7 4.2 3 Balanced

Brazil (2014) [89] mesomorph

Position: defense

Soccer, reserve players Fidelix et al., 7 Crosssectional Cescorf Male 16.29 80.5 188 22.7 3.1 4.1 29 Balanced
1st division of Brazil (2014) [89] mesomorph

Position: goalkeeper

Soccer, reserve players Fidelix etal., 20 Crosssectional Cescorf | Male 16.4 68.6 1759 221 23 4.1 29 Ectomorphic
1st division of Brazil (2014) [89] mesomorph

Position: midfielder

Elite judo, South Noh, et 7 Crosssectional Jamar Male 20.60 64.20 165.9 236 15 41 1.8 Balanced

Korea al, mesomorph

(2014) [90]

Category: <60 kg

Elite judo, South Noh, et 7 Crosssectional Jamar Male 20.60 71.80 171.7 245 14 42 17 Balanced

Korea al, mesomorph

(2014) [90]
Category: <66 kg

Elite judo, South Noh, L Crosssectional Jamar . d 5 . Balanced

Korea (2014) [90] mesomorph

Category: <73 kg
Elite judo, South Noh, et al, 6 Crosssectional Jamar Male 20.60 8430 176.8 27.2 19 52 11 Endomorphic
Korea (2014) [90] mesomorph

Category: <81kg

Elite judo, South Noh, et al, 4 Crosssectional Jamar Male 20.60 94.90 185.8 27.7 22 4.8 13 Endomorphic
Korea (2014) [90] mesomorph

Category: <90 kg

Elite judo, South Noh, et al, 7 Crosssectional Jamar Male 20.60 104.6 177.7 334 36 6.3 03 Endomorphic
Korea (2014) [90] 0 mesomorph

Category: <100 kg

Elite judo, South Noh, et al, 3 Crosssectional Jamar Male 20.60 132.2 189 370 5 6.3 0.1 Endomorphic
Korea (2014) [90] 0 mesomorph

Category: >100 kg
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Basque pelota, Basque Ball Urdampilleta etal., 10 Crosssectional Holtain Male 22.80 80.2 177.5 254 4.9 5.8 1.6 Endomorphic
Federation of (2015) mesomorph

Alava, U-23 [91]

Modality: individual

Basque pelota, Spanish Urdampilleta etal., 8 Crosssectional Holtain Male 25.30 859 183.0 25.6 4.0 5.6 1.8 Endomorphic
professional teams (2015) mesomorph
[91]

Tennis, MartinezRodriguez et 26 | Crosssectional Holtain Male 23.00 74.7 180.0 23.0 33 | 43 25 Endomorphic
University al., (2015) [92] mesomorph
National

Championship

Padel, University MartinezRodriguez et 21 Crosssectional Holtain Male 23.10 743 180.0 229 37 4.1 24 Mesomorphendomorph
National al., (2015) [92]

Championship

Triathlon, championship Guillén etal., 39 | Crosssectional Holtain Male 24.00 70.7 177.0 225 22 36 28 Ectomorphic mesomorph
of Spain | (2015)[93]

university triathlon

Water polo, Martinez et | 17 Crosssectional Not Female 22 67.6 1716 229 39 43 23 Mesomorphendomorph
Spanish Honour al., (2015) [94] specified
Division

Position: center

Water polo, Martinez et | 21 Crosssectional Not Female 21.6 63.6 167.2 22.7 4.1 4.5 23 Mesomorphendomorph
Spanish Honour al., (2015) [94] specified
Division

Position: wing

Water polo, Martinez et | 8 Crosssectional Not Female 259 71 177 226 4.1 37 27 Mesomorphendomorph
Spanish Honour al., (2015) [94] specified
Division

Position: goalkeeper

Judo, Spanish National Casalsetal., 9 Crosssectional Holtain Male 20.00 85.9 180.0 26.5 1.9 5.6 1.6 Balanced mesomorph
Judo (2015) [95]
Team

Judo,  Spanish Casals et al., Crosssectional Holtain Female 20.00 62.4 164.0 232 2.8 X 5 Endomorphic

National Judo (2015) [95] mesomorph

Team
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Baseball, Spanish Clavijo- Not Crosssectional Holtain Male 23.87 83.63 17933 26.1 552 | 462 1.5 Mesomorphic
Honour Division Redondo et | specif endomorph
al., (2016) [96] ied

Position: pitcher

Baseball, Spanish Clavijo- Not Crosssectional Holtain Male 23.87 8343 182.24 25.2 5.62 5.01 2.04 Mesomorphic
Honour Division Redondo et specif endomorph
al,, (2016) [96] ied

Position: catcher

Baseball, Spanish Clavijo- Not Crosssectional Holtain Male 23.87 84.82 182.41 25.6 5.15 5.38 1.92 Mesomorphendomorph
Honour Division Redondo et specif
al., (2016) [96] ied
Position: first
baseman
Baseball, Spanish Clavijo- Not Crosssectional Holtain Male 23.87 8533 181.01 26.0 558 | 437 163 Mesomorphic
Honour Division Redondo et | specif endomorph
al., (2016) [96] ied

Position: second

baseman
Baseball, Spanish Clavijo- Not Crosssectional Holtain Male 2387 85.92 1823 25.9 5.38 5.09 1.79 Mesomorphendomorph
Honour Division Redondo et specif

al., (2016) [96] ied
Position:

thir

d baseman
Baseball, Spanish Clavijo- Not Crosssectional Holtain Male 23.87 84.43 182.89 255 5.27 539 2.05 Mesomorphendomorph
Honour Division Redondo et specif

al., (2016) [96] ied
Position:
shortstop
Baseball, Spanish Clavijo- Not Crosssectional Holtain Male 2387 85.52 181.49 26.1 5.46 4.08 1.66 Mesomorphic
Honour Division Redondo et specif endomorph

al,, (2016) [96] ied

Position:

fielder

Baseball, Spanish Clavijo- Not Crosssectional Holtain Male 2387 83.97 181.98 256 5.64 517 1.94 Mesomorphendomorph
Honour Division Redondo specif
et ied
Position: central al, (2016)
fielder [96]
Baseball, Spanish Clavijo- Not Crosssectional Holtain Male 23.87 8523 182.45 257 5.54 4.7 1.88 Mesomorphic
Honour Division Redondo specif endomorph
et ied
Position: right al., (2016)
fielder [96]
Rhythmic gymnastics, Arriaza etal., 21 Crosssectional Harpenden Female 17.00 52.06 160.87 203 29 34 3 Central
Chile’s National (2016) [97]
Team
Mixed martial Marinho et 8 Crosssectional Cescorf Male 31.00 8210 177 26.2 29 6.4 19 Endomorphic
arts al,, (2016) mesomorph
[98]
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Sprint (100 m), TOP Barbieri etal., 98 Crosssectional Lange Male 23.10 73.00 177.9 233 2 5 26 Balanced mesomorph
athletes (2017) [99]

from Italy and

Croatia

Judo, 10 years of Busko etal., 15 Crosssectional Harpenden Male 18.60 80.29 177.37 256 3.2 5.87 1.83 Endomorphic

experience (2017) [100] mesomorph

Soccer, 1st division of Zuiiiga etal., 18 Crosssectional Slim Guide Male 258 751 1751 245 2.3 57 1.9 Balanced mesomorph

Mexico (2018) [101]

Racewalking Diaz et 10 Crosssectional Slim Guide Male 17.20 60.32 171.2 20.6 234 333 339 Mesomorphectomorph
Pan American al,

Games (2018) [102]

Racewalking

Pan American

Games

al.,

(2018) [102]

Crosssectional

Central

Basketball, Grykoetal., BS Crosssectional Harpenden Male 24.45 90.2 193.4 241 226 4.57 3.04 Ectomorphic
Poland national (2018) [103] mesomorph
team.
Mountain biking, SanchezMufioz 22 Crosssectional Holtain Male 28.00 67.10 175.5 219 17 46 31 Ectomorphic
World etal, mesomorph
Championship, (2018) [104]
2011 UCI World
Cup
Mountain biking, 2011 SanchezMufioz 5 Crosssectional Holtain Male 3030 70.20 178.4 221 18 4.8 31 Ectomorphic
UCI XCO Mountain etal., mesomorph
Bike (2018) [104]
World Cup
Long-distance Xavier etal., 17 Crosssectional Lange Male 23.70 65.30 1755 213 1.8 4.2 33 Ectomorphic
runners, elite of (2019) [105] mesomorph
Brazil
(military athletes)
Judo, black belt Quintero et al, 8 Crosssectional Cescorf Female 21.00 61.00 157.7 24.7 4.94 5.6 13 Endomorphic
medalists (2019) mesomorph
[106]
Judo, black belt Quintero et al., 7 Crosssectional Cescorf Male 20.50 73.10 1716 249 35 6.24 15 Endomorphic
medalists (2019) mesomorph
[106]
Futsal, 20th Ferreiraetal., 115 Casecontrol Cescorf Female 22.00 58.60 161.8 226 45 41 2 Mesomorphendomorph
Brazilian (2020) [107]
Women's Futsal
Cup
Ballet of the Alvero-Cruz et 49 Crosssectional Holtain Female 15.37 523 159 20.7 319 5.17 262 Endomorphic
Professional al.,, (2020) mesomorph
Conservatory of [108]
Granada, Spain

Soccer,

division of Italy

st Campa et
al.,

(2020) [19]

Crosssectional

Lange

Male

111

13.50

53.50

162.3

204

21

33

Ectomorphic

mesomorph




Judo, master belt Roklicer et 2 Crosssectional John Male 23.20 60.00 169.5 210 1.69 3.65 3.99 Mesomorphectomorph

(1-5dan) al., Bull
(2020) [109]
Categoria: <60 kg
Judo, master belt Roklicer et 13 Crosssectional John Male 23.20 66.00 175.38 215 2.01 3.7 3.62 Mesomorphectomorph
(1-5dan) al, Bull

(2020) [109]

Category: < 66 kg

Judo, master belt Roklicer et 14 Crosssectional John Male 23.20 73.00 1771 233 2.08 4.02 3.09 Ectomorphic mesomorph
(1-5dan) al., Bull

(2020) [109]
Category: <73 kg
Judo, master belt Roklicer et 1" Crosssectional John Male 23.20 81.00 179.09 253 2.23 4.89 2.49 Balanced mesomorph
(1-5dan) al., Bull

(2020) [109]

Category: <81 kg

Judo, master belt Roklicer et 15 Crosssectional John Male 23.20 90.00 183.87 269 2.33 5.5 1.93 Balanced mesomorph
(1-5dan) al,, Bull
(2020) [109]

Category: <100 kg
Judo, master belt Roklicer et 4 Crosssectional John Male 23.20 100.0 190.88 27.7 2.62 5.34 2.04 Endomorphic mesomorph
(1-5dan) al., Bull 0

(2020) [109]
Category: > 100 kg
Judo, master belt Roklicer et 2 Crosssectional John Male 23.20 100.0 198.75 255 292 6.35 0.91 Endomorphic mesomorph
(1-5dan) al., Bull 0

(2020) [109]

Category: <48 kg

Judo, master belt Roklicer et Crosssectional John Bull Female X . 5 Endomorphic

(1-5dan) al, mesomorph

(2020) [109]

Category: <52 kg

Judo, master belt Rokliceretal., 2 Crosssectional John Bull Female 22.30 52.00 161 20.0 22 2.71 3.48 Balanced ectomorph
(1-5dan) (2020) [109]

Category: <57 kg

Judo, master belt Roklicer etal., 9 Crosssectional John Bull Female 2230 57.00 162.6 21.7 2.8 3.62 2.73 Central

(1-5 dan) (2020) [109]

Category: <63 kg

Judo, master belt Roklicer etal., 8 Crosssectional John Bull Female 22.30 63.00 165.06 231 2.71 3.39 232 Balanced mesomorph
(1-5dan) (2020) [109]

Category: <70 kg

Judo, master belt Roklicer etal., 4 Crosssectional John Bull Female 2230 70.00 168.63 248 3.69 4.58 177 Endomorphic
(1-5dan) (2020) [109] mesomorph
Category: <78 kg

Judo, master belt Mirali etal., 5 Crosssectional John Bull Female 22.30 78.00 170.2 26.9 3.07 4.99 1.21 Endomorphic
(1-5dan) (2021) [110] mesomorph
Category: > 78 kg
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Taekwondo, national Mirali etal., 8 Crosssectional Slim Male 19.14 60.10 1782 18. 13 29 4.8 Mesomorphic
and (2021) [110] Guide ectomorph

international ranking

Category: <58 kg

Taekwondo, national Mirali etal., 8 Crosssectional Slim Male 20.20 56.40 174.8 18.6 1.2 32 4.8 Mesomorphic
and (2021) [110] Guide ectomorph

international ranking

Category: <54 kg

Taekwondo, national Mirali etal., 8 Crosssectional Slim Male 2119 64.90 1785 20.5 il 42 | 39 Mesomorphectomorph
and (2021) Guide

international ranking [110]

Category: < 63 kg

Taekwondo, national Miralietal., 7 Crosssectional Slim Male 21.24 82.50 187.7 236 21 4.6 3 Ectomorphic mesomorph
and (2021) Guide

international ranking [110]

Category: <80 kg

Taekwondo, national Mirali etal., 14 Crosssectional Slim Male 2242 71.00 181.9 216 1.6 4.4 36 Mesomorphic
and (2021) Guide ectotomorph

international ranking [110]

Category: < 68 kg

Taekwondo, national Mirali etal., 9 Crosssectional Slim Male 22.83 77.00 183.6 229 19 4.8 3 Mesomorphic
and (2021) Guide ectotomorph

international ranking [110]

Category: <74 kg

Taekwondo, national Mirali etal., 5 Crosssectional Slim Hombr 2718 91.30 187.9 26.1 18 59 2 Balanced mesomorph
and (2021) Guide e

international ranking [110]

Category: > 87 kg

Soccer, 1st

division of

Colombia

Positi

goalkeeper

Castro et al.,

(2021) [111]

Crosssectional

Harpenden

113

Male

AR

80.90

185.2

2.8 Ectomorphic

mesomorph



Soccer, st Castroetal, 5 Crosssectional Harpenden Male 21.00 75.30 181.7 229 2 5 278 Ectomorphic
division of (2021) [111] mesomorph
Colombia
Position:
defender
Soccer, st Castroetal, 13 Crosssectional Harpenden Male 21.00 69.70 175 227 21 53 27 Ectomorphic
division of (2021) [111] mesomorph
Colombia
Position:
midfielder
Soccer, st Castroetal, 4 Crosssectional Harpenden Male 21.00 76.40 1743 255 23 6.8 1.58 Endomorphic
division of (2021) [111] mesomorph
Colombia
Position: forwar
Rowing, Spanish PenichetTomas etal., 13 Crosssectional Holtain Male 27.30 75.30 182.1 22.7 18 4.5 3 Ectomorphic
National Team (2021) [112] mesomorph
Rowing, Spanish PenichetTomas etal., 11 Crosssectional Holtain Female 27.70 61.90 169.9 21.6 29 3 29 Central
National Team (2021) [112]

Soccer, 1st HernandezMosqueira et 20 Crosssectional Slim Guide Male 228 79 180.8 243 26 48 22 Balanced
division of Chile al,, (2022) mesomorph

[113]

Position: goalkeeper

Soccer, 1st HernandezMosqueira et 46 Crosssectional N % Y N b 5 Balanced mesomorph

division of Chile al., (2022)
[113]
Position:

defender

Soccer, 1st HernandezMosqueira et 58 Crosssectional Slim Male 245 70.5 170.8 244 2.8 52 2 Endomorphic
division of Chile al., (2022) Guide mesomorph
[113]
Position:
midfielder
Soccer, 1st HernandezMosqueira et 34 Crosssectional Slim Male 239 76.5 1783 24.1 23 4.6 3.1 Ectomorphic
division of Chile al, (2022) Guide mesomorph
[113]

Position: forward

Futsal, 1st Castillo etal., 28 Crosssectional Holtain Female 2270 60.36 168 214 4.01 317 2.03 Endomorphic
division of Spain (2022) [114] mesomorph

Position:  pivot

wing
Futsal, 1st | Castilloetal, 7 Crosssectional Holtain Female 25.00 | 6543 166 23.7 428 | 413 16 Mesomorphendomorph
division of Spain (2022) [114]

Position: pivot
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Futsal, 1st | Castilloetal, 17 Crosssectional Holtain Female 23.25 55.65 162 212 3.96 297 2.06 Mesomorphic
division of Spain (2022) [114] endomorph
Position: wing
Futsal, 1st Castillo etal., 20 Crosssectional Holtain Female 26.89 58.63 163 220 3.78 3.67 1.92 Mesomorphendomorph
division of Spain (2022) [114]
Position: forward
Futsal, 1st Castillo etal., 16 Crosssectional Holtain Female 24.00 64.31 170 222 4.15 3.06 2.7 Mesomorphic

division of Spain

(2022) [114]

endomorph

Position: goalkeeper

Middle-distance runners Stachon etal., 22 Crosssectional GPM Male 20.31 69.20 181.3 211 16 3.82 3.81 Mesomorphectomorph
(800 m, 1500 m), national (2023) [115]
competitions
Sprint (200 m, 400 m), Stachon etal., 26 Crosssectional GPM Male 2037 74.30 180.6 229 1.68 4.94 2.9 Ectomorphic

national (2023) [115] mesomorph
competitions
Long-distance runners (3000 Stachori etal., 20 Crosssectional GPM Male 21.39 67.60 177.3 215 211 4.72 3.36 Ectomorphic
m, 5000 m, 10000 m), (2023) [115] mesomorph
national competitions
CrossFit® practitioners, CebrianPonce 107 Crosssectional Cescorf | Male 30.7 819 177.3 26.0 35 52 17 Endomorphic
national competitions etal, mesomorph

(2024) [116)
CrossFit® practitioners, CebrianPonce 38 Crosssectional Cescorf Female 281 65.6 1662 = 236 4.4 4.5 1.8 Mesomorphendomorph
national competitions etal,
(2024) [116]

Traditional rowers from the Castafieda- 1 Crosssectional Holtain Male 294 723 177.5 229 21 5.1 26 Balanced mesomorph
first division of the Babarro etal.,

traditional (2024)[117]
rowing league.
Position:
Bow/Stern
Traditional rowers from the Castafieda- 9 Crosssectional Holtain Male 294 854 186.6 246 28 52 23 Balanced mesomorph

first division of

Babarro etal.,

(2024) [117]

the traditional rowing league.

Position: 3rd/4th
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Basketball, Diaz- 22 Crosssec tional Holtain Male 2342 96.9 196.9 252 284 | 472 2.88 Balanced mesomor, ph

Euroleague Martinez et al.,
(2024)
[118]
Elite Ruscello etal, 24 Crosssect tional Holtain Male 2420 63.80 171 218 2.28 4.64 2,69 Balanced mesomor ph
breakdancing, (2024) [119]
Italy
Elite Ruscello etal., 9 Crosssec tional Holtain Female 21.90 54.20 158 21.7 234 5.16 238 Balanced mesomor, ph
breakdancing, (2024) [119]
Italy

BJ): Brazilian jiu-jitsu; UCI: Union Cycliste Internationale; UCI World Cub XCO: Cross-Country Olympic Mountain bike race series; BMI: body

mass index; ENDO: endomorphy; MESO: mesomorphy; ECTO: ectomorphy.
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Individual bodies vary, but certain general sizes and
shapes can improve performance in specific sports.

Male Athletes

RER

Swimming Boxing Wrestling Marathon
Swimmers typically carry Boxing requires strength Wrestlers need massive Small, light runners with

more body fat than many and muscle mass, but also upper bodies to immobilize slender legs perform best
other athletes. endurance. their opponents. during marathons.

Female Athletes

ALrk

Basketball Gymnastics Weight Lifting Fencing

Basketball players need Small gymnasts' lower Weight lifters have Fencing combines agility
strong backs to reduce center of gravity helps heavily muscled bodies and strength — especially
stress on their knees. with balance on the built for strength displays in their thighs.
narrow beam. in short bursts.

- - -

Sources:
archive.boston.com/sports/blogs/statsdriven/2012/08/the_bodies_of_champion_gymnast.html
www.ncbi.nlm.nih.gov/pubmed/6650717

markjenkinsfitness.com
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