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ABSTRACT

The physical appraisal and guidance c¢f children and
youth requires peer group reference material. Application of
anthropometry ir Canadian industrial, medical, educational
and governmental pursuits and the supporting research
ventures has been frustrated by the unavailability of

compr=hensive ncrmative data.

The purpose of this study was to assemble prototypical™ ™~
datd by mears of 34 anthropometric items measured by trained
anthropometrists using a standarized protocol. Data were
collected on 446 girlsfand 477 boys aged 6 to 18 years vwho
were students attending three seiected schools in the
Coguitlam nun;cipality cf Vancouvég;'Bfitiéh Columbia, which
had average cr better than averagefphysical education and

activity prograss. LT

P
. e
The assembled data were used to develop 26 age-sex
prototypes described in terms of means, stanaard deviations
and'percentiles.4 The complete data are available in hard

copy addendum volumes,

o e e e el l e
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Mean height andréeight values‘fron the COGRb study were
found to apprdxinate é%milar studies reported from the U.S.aA.
(1977), Switzerland, (1971), Norway, (1975), and ¢
Czechoslovakia, (1976). However Indian data (1971) vere
dissimilar in that children at the sanme age as COGRO
childrern, were smaller and lighter. COGROYdata were similar

to anthropometric data reported in essentially a population

survey of G0,000,Hanitoba schocl children ix 1970.

The use of these prototypes as a standard reference for
: o B
comparative studies was considered on the basis of national

and internatiocnal anthropometric similarities.

The applicability of the assembled data was shcwn in

‘comparing outstanding sub-12 years old girl fiqgure skaters

with an appropriate age-sex prototype. From the analysis of

raw data, skaters were identified as being,smallerrin’18 out
of 20 selected variables, The determination of
proportionality values for 13 anthropometric variables
detected specific proportionélity differences hetween the
skaters and the prototype. The skaters exhibited
significantly lcw skinfoid thicknessés, proportionately large
feet, and pr0pbrtionatély shorter lower-arms. Thes= |

e

particular féatures were suggested as being specific to

figurs skaters and vere discussed in terms of training and

possible delayed maturation phenomerna.

iv



The prototypes described and exemplified in this thesis
were proposed as a new analytical +ool for health professions
and human bigIogists who require comprehensive anthropometric

information cn children-and youth. '
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. I INTRCDUCTION

o
Fu

& - Since human beings, rass from child to adﬁit'bnly once,

the anthroponetrist has only limited opportunities to” measure

individuals as they grow, It is iamportant tha+t the growth

R

phenomenon be ccnstantly monitored to detect chahges both

A

detrimental and advantageous, which might be reflective of

alterations to the fnvircnpent which influence this process.

When we observe the art forms of primitive -man, the

a

aptﬁfﬁbqpetrist vonders at the differences between the form
ge knows man to have now, and the form in waich he was
dépicted in the ;rtistry éf primitive man. Has pyysicai man
changed? Has méﬁ'é perceptiorn of himself changg?? ‘“§i19”?9
can identify§ ourselves with Michelangelo's David, it is more

difficult to identify with the figure depicted in the N3w

Guinean art form in Figure 1.

£

Man's interest in his own fora started from the very
beginning of civilization with pictorial records of man in
his natural environment, The cave drawings however, gave

~little suggestion of individual differences.
- T , , t ;
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Figure 1:Michelangelo's 'David! (Condivi, A., 1976)

and a pPrimitive art human form (Newton, b., 1867).
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Many of the earliest writers were cognizant of
individual differences, in body form and this appreciation
may have been an initiating factor in the study morphology.
While comaents by these writers were not extensive, they were
perceptive. Both Hirpocrates aua‘Aristotle could be
considered as pioneers in physical anthropology. From the
historical review cf anthropology by 51S§Iin {1965) it was
reported that their personal observations led then%@oth to
conclude that there were indeed identifiable racial
characteristics. Paul of Tarsus {circa 60 A.D.) reported a
basic sigilarity betveep all men sincexggéieving that
God,",..made from ohe, every nation of maﬁ}ind to live,oﬁ all
the face of the earth,.."(Acts 17:26) and it was from this
biblical source that the classical belief of monogenesis (the
development c¢f man frcm a single genetic source), took its
roots, However, many authors reported marked observable
differences betvéén races and this gave rise to the |
protagonist polygenetic belief, where the origins of man were
seen to stem frce a rumber of génetically identifiable

groups.

while the Church clung to its belief in moncgenesis,
observation was more sugportive of polygenesis. Isidorus of
Seville (circa 630 A.D.) reported racial differences in that

“In accordance with diversity of climate, the appearance of

e

i



men and their cclour and bodily size vary...". Thesé types

of observations may be seen as the basis of an interest in

* - the comparison of man, the birth of anthropometry and its

]

o ‘&}:%%

development into a descriptive, analytical and predictive
science, ' .

2

¢ .

The fifteenth and siiteen centufies(uere the era of
coamercial capitalisn and at this time, which included the
Renaissance, the breakdcwn of the theoclogical point of view
Periitted human dissections and the drawing cf man. At -the
same time the journeys c¢f explorers led to ‘the discovery of
different racial groups and forced a re-examination of the
origins and similarities of man. It was during this period
that Vvesalius, described as the founder c¢f modern anatonmy,
~ placed physical anthropology on a pfecise basis., During
initial studies in cosparative apatomy, h2 noticed the
relationship betvgen the shape of the skull and race,
aithough the suggested ca;:; for skull shape'differences now
Seems somewhat naiye. He propcsed:

_The Germans, indeed, have a very flattened occiput and a

broad head, because the boys always lie on their backs in the

cradle ... more oblong heads are resetrved -to the Belgians e+

because their nctﬁgrs pernit their little boys to sleep
"turned over in their beds, and as much as possible on their

sides.
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At the same time Montaigne uas'repogtiug_the existence

-of racial differences and Bodin was attempting to classify

mankind on ihe basis of clismate,

Anthropology d4id not make the advances in the
seventeenth century which were typical in so many of the
other sciences, as it was still somewvhat restricted by the
views on man's heritage in the 0ld Testament. Noteable
during ihis pericd was Hillian Preitycuho identified mean
values of an'anthiépcmetzic leasuré and racial differences,

as well as generation differences when h2 wrote;

++.5ince wee know that there are menﬁbf 7 foot high & .
others but four focte, that is to say, the one a fogte anq q7
half above, & the other a foot énd a halfe below the middle
stature of mankind which I take to bee 5 foot & a‘hélf. I
say there may bee Races and geﬁerations‘of suqh uen,“whereofl
vee know the individualls; as vee see vast differences in the

Magnitude of severall otbher Animails which bear the same

Dale,... ’ - - b

In this same périod Bernier presented a classificgtigg ~
of the races, and described the Lapps as '...lixtléAstunted

creatures with thick legs, large shoulders, short neck, and a-

e

.



face elongated immensely; very agly and partéking mauch of a

bear.” While the observations were descriptive, it was not

surprising that the choice of words were considered by ‘some
to ‘be derogatory and indeed, the hiétory of modern

anthropometry has sonetines been'daméged by cries of 'racist’

a;éffracism'.,
'antmé éighteenth century Linnaeus made an impdrtant
contribution to phf§iCal anthropology in examining the causes
;g racial differences where hp directed his questions to
lé%vironnental factors su;h as nutrition, clihate; habiiual
exerciée and freedom frcm diseass. Thiéiwas’perhapsvthe

first attenpt to identify those factors which modify growth.

While he pentiored breast feeding, warmth and 'the avalability

cf food as_Eeing factors which might influence growth, he digd
not argue strongly in favour for or against modifiability of

of body form due to these factors.

v ¥
At around the same time Blumenbaéh'anong others prd;osed
climate, diet, mode of iife, hybrid generation and>heréditary
peculiarities as the factor; which explained the
norphological»difﬁerences/férbe found in man. rihese'factqgsrr
were in part supported by‘Goldsniih. In this same.periogd,

Long did little toward the emancipation of the Negro when he

G o
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attempted to shou'that the Negro did not belong tSithe’sané

species as the other races of man., Tais may’havg7§eQn an—T:
attempt to justify the slavery in Jamaica.which he was °

. describing. - ;

The nineteeth century was marked by a demand for
uniformity and preciéion in scientifié'investigationab'This
could be described as the century of the systematizers. Many

investigators were respcnsible for the invention of

instruments and the standardization of brocadure; Eb
anthropometrical measurement., Shortly after this movement
towards descriptive consistency; Meyer, Quetelet and Galton
realized the impecrtarnce cf ayélying statistical methods to

anthropological measurements.

Quetelet may be considered as the father of/physical
anthropoloyy. A mathematitian, astronomer, statistiCiap>and
sociologist, his great contribution to anthropometry, was
the application of statistical metqus to the study of huian
beings. He alsb pioneered "nanjgdf our conventicns in Cross=-
sectional saspling and analysis." (Ross et al.,1978)é

The value cf this historical review from Slotkin, gives

us valuable information as to the men and the methods which

contributed to the development of physical anthropology.
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Commencing as subjective observation, tkrough the _ R

B
o

contributians of philosophers, inventoxé, mathematicians and
historians, physicélranthrogology_ﬁgd dé&eloped into'én
6bje¢tive/science witH%;ygiéziyized methods and statistical
procedures but having tc that point, limited'applicabili;y.
The twentieth cenéury has ééénra growing interest ih
‘;nthrdpoietry. The coining of the word 'kinanthropoﬁetry"is

so}e indication t&gt lu¢ﬁ of this interest has resulted from
E%iéies of physicaluperforh;ﬁce and physical éctivity. Today )
there is a tremendcus d@ﬁersity of scientific areas which afe
being examined fronvah.aﬁthrobonetrical point>of vievw, Tﬂére
has been a need for g;eaier systematization and
.standardizétiog of techniques as reflected by the initiaiion.

of an international certification course on anthropometric

methodology. 'The rigidity required by this approach places

“ s)‘f';'v

data co}}gmxqu on a precise basis and will enable | E
comparative work to be made more reliably.

The phenomenon cf growth is one of the areas into which S
the kinanthropometrist has turned his a£¥éntiop. It has
been recognized that growth patterns can be indicative,of the
development, health and;hutritionai—status4~of~theﬂﬁw~—~4—ﬂfm e ——
individual, MNuch of man's energies are directed toward
providing pbpulations and individuals uith?living conditions

i
|

S



in which their inherited potentialiaties can best be
realized, but with this approach there is an inherent danger,

that by encouraging uniformity, we are reduc1ng our ow¥n

e

. =,
capacity for adaptablllty which uay preserve the species in

%

the event of catastrophe,

From authropometric;data an attempt has been made to

'predlct adult stature and to determine. select;ylty;vlthln

certaln phys;cal act1V1t1es. Grouth assessment;tan therefore,,

be used as. a counselling tool Accordkagly there’ have been

~a

several attempts to 1deht1fy a Chlld s. S%s1tlon, accerdinq to

his age and with respect to. helght and welght, Hhen conpared.

=

e

to a sample pcpu&atfbn for which mean values have,peeu

calculated It has’ been noted however, that.a secula:fchaﬁge

F . . o

has baen occurrlng. ‘Pver*a pexlod—ofrtlme some values have - - -

. been ever lncrea51ng,,thus the nores, of 10 years ago may be

T -

rnue‘louger useful - not only nay the values themselves be

changing,  but also the=patteru:of grouth ulght be expected to

change, partgcularly Hlth the onset of naturlty uhlch has a

- -

[}

na{ked 1nff¥euce on the pattern of grouth.f In general, as-
d15cWSsed later, evidence appears to‘ana¥Cate that this

secular trend is dlmlnishlng, and” may even have ceased.

While enw¥ironmental condltlons rema*u stable 1t is possible

that grovth BOL&S illl rot wvary s1gm1f1cantiy - The present

\
study has given rise to prototypical: data unlch should Se

AN



-influenced by Hkrnoneﬁ Eutff%ny other factors such as

qEo

2 ‘ . - =
P .

E i :; =¥ - . ‘ - . »
seen as a self-monitoring -system, enabling the centinuous
:i -

~l;5§bfertallof succéssive sample to indi.cate Significant change, o

b il - : & e _
at~ahich time, revision cf i;otctypical data would be

Eh >0

. _nécessary. Such revisicn ¢ould be based on significant

heigyt and weight differences, detected in any parallel
sgﬁdy. It is also possiple tc develop data banks and use

—_ . - B T e

"".. these to furmish updating norss., . ‘ i
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skeletal growth/ef the long bones is the race which
occurs betueen the ptoliferaticn of cartilage cells and the

closure of the. epiphyses after Hhich no fgp&her incraase in

= )

the length of thexboze can occur. Grovth As known to"-ba.

e m«:a . AR
e, >
vt

genotype, nutritiom, activity, disease, infections, .,
v iy )

malformations, environnentfand,climatic~in£luencesrcxeaté @
highly variabie “phenomenon. It iéithis variability which

led to the developuent cf the concept of skeletal age, asl

. -

distinct fr?m chronologiﬁgl age« Thus a nethod using
radiographic techniques identified children according to

their developmental age., ngever the reluctance of many
%,

il

.parts of the world to use thls invasfve technigue, has

reduced the applicability of the method,

‘The growth of muscle and fat are- still- tropicsfof? - .

controversy. The twc processes of hypertrophy and

#
o

i

& 4
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hyperplasia may be involved 'in both instances and the degtee
of growth and patterh.éf growth of those, célls is known to be-

%

different for malé and fenaieé, so that body propcrtlons vary

4

between the two sexes and from one ycar to. The next.. Por the

complet~ and compreh¢n51ve as=essment of growth, it is -
desirable to,deyelop,norns.for large numbers within cohorts

. -~

’(age”érodps)'to provide a‘stgndardrqgainst'uhich selected

irdividuals ard grcups can be compared.,

One of‘the restr$ct1ng 1anuences in the development of

these norms nas beeh- the percelved 1nadequacy of cross-

seciiohaljstudies; While this method nay be.lesé desirable,

it“allowsxnormafiv; déiavto be-produced in aishbft tiie)
whereas 1ongltudlaal data may izly be avallablA 10 to 15 | ~//{
years after thLe connencenent of the pr03ect and those fac*ofs
which lnflugncejgrovth'Qay have cpanged' as‘perhapa, Ulli

‘have the patterns cf£ grecwth. . = - o ,//

‘. .
S : . - S b
~ . - . 7
' : . .
i . / -
- M .

It is. tbrough ccntznual monltorlng ‘of groi{h and "g

developmental patterns that nutrltlonal adequacy can .be

: assessed where iodlflcatlon ‘of othez gﬁﬁetlc and

en onmenta; lnfluences can be noqxtored and where

A

couns~lllng can be prov1ded toc the lnalv*dual.

1 - N\

Thus the‘purpdée-bf this sStudy was to develop male and

i
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+, female prototypical physiqdé desciiptions for'éaéh\aje from 6;
to 18 u51ng a sub-populatlon of school chlldren 1n\tha n
. r Py
. & 3
suburban munrc1pa11ty ct Coqultlan, ad;acent to Vancouver, .

. o
+ * P

BrltlshﬁCOlunbla. Thls ¥as done by descrlptlne statlstlcs of

selected anthr0ponetr1c varlables whlch #ere expressed as 1_f

s K

"means and starndard dev1at10ns@ Also percentlle data 5 R
presented which 1nd1cated the. extreme*cases exlstlng u;th;ﬁ
! : L . . - o

the cohorts. . . . T g .
, SRS W Lo : 5, L L
Y. B LR : ) . o ) :

It was' believed that this selection Gf<children was

-

LY

_ essentially similar to other Cagadgan‘bhildfea and to those ..

* reported in other areas cf the world having made'similar

'

~technologicabadvanceé, ‘which are known to be condutlve to
the attaxnment of full growth prbtentlal. It was also’

’consxdered that certaln neasuFenents a information regarging

_the Health status of the igdfﬂi@ual@and these were givaﬁa
. . . . X . - . ° . 4 i
special7conSideration;fﬁzler\selegﬁed?skinfolds and_bead i
! ';vi“ 7 . ‘ :\\ ' . ) . : '

girth, These’asPects are more fully dis&ussed on pages

3

20-25.+ Furtheni3g$1‘wh11e helght and velght have been -~ .

considered as ba&ng reflectlve of nutrltlom and indicative of

-

the health staus of the andlvldual, ‘other anthropometric

I s

~variabples have;been sugggéted as providing information which,

cahAbe used aé‘a'counselling tbols :In the area’pf sports -
science, ,structural specificety has been investigated.in

olympic athletes and other’qu;standing,pe;fofnersf ' However-

€
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>~ II REVIEW OF LITERATURE

It may be asked, why is it considered necessary to
menitor growth and develcp standards of measurements for
g o
¢hildran?” Since growth is a natural phenomenon why not -

accept Nature's dictates? Can man learn anything useful fronm

these standards?

In attempting to understand growth and development, it
is neceséary to view the organism as an organized totality..
To do this adequately the individual factors which contribute
to chénge Bust be}éonsidered and the interrélationships
between these factorS‘uhich'produce modificaticn to the

gé must be assesseéd. Thus in seeking to discover the
source of any change,it is necessary to relate an "immensely
conpiicatedlfysten of biclogical processes to an entire world
of socia; and physical influences that impinge on the
individual over a pe;iod of time," (Coan, 1366)

-

It is unfortunate that many cf the questibns regarding

bhuman structure and function can not be ansvered

satisfactorily ip terms of statistical certainty, but as

pointed out by FKoss et -al., (1978), this is no reason for
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dismissing the problem. Masses of data continue to be

collected in the hope that out of the chaos, some order will

be detected,

' Philosophically, the_understandin§ and develcpment of
-any information aidsAin the "expansion of auman
»chscioﬁsness" (Béss et al.,1978), and because of man'§
insatiable curiosity, kncwiedge evolves from many sources, a
utilitarian function being adopted at some later déte as

inevitably more and more scientists investigate and evolve

nevw aspedts of the criginal concept.

THE SIGNIFICANCE OF GROWTH ASSESSMENT

Growth was. described by Tannar (1976)7as "y fine
yardstick of the health of individuals and'populations,
perhaps the best there is." Likewise Jordan et al. (1975)
7reportin§ a Cuban'ﬁational child growth study for the pﬁrpose
ct mbnitoring health, described it as "a sensitive index of

the health and nutriticn of a population.”

Stuart and Meredith (1946) Saw anthropometry as not only
an "adjunct to medical examinations of school children", but

also as beirng related to chidrens!' probable nutritional



state, while nassler>;£é Suher (1951) identified regqgular and
reasonable gain in weight as being evidence of satisfactory:
health and nﬁt;ition, failure to gain weight eviaeﬁce and a

warning that the nutrition vas inadequate or that- growth was

- L2
being retarded froa within the body. .

Othé: authecrs who have .considered anthropometry és
providing information regarding health and nutrition vete
Pett and Ogilvie (1956) Prfor (1966) Choovivathanavanich and‘
Chooviva;hanavanich (1972) , Demirjian ét al. 4}972) Rode and}‘,

Shephard {1973) , Habicht et al. (1§7u) , and Hasmill et al.

(1977)

Thus one of the mcre important aspecté of the study of
growth lies in the identification of sound health aﬁd
nutrition associated with normal growth. ¢onsidéring the

~Telative simplicity involved in an anthropbmetric survey, as
éompared.vith a nutritional survey or any other methods for
estimating changes in nutrition and health status on a
national basis, it would seem fortunate that this
relationship exists.

i

= The increase in stature, seen in developing countries

—

has been taken to be indicative of an improvemsent in

technology which is fprobably also highly correlated with’
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tetter nutrition and health (Irwig, 1976). Furthermore
appropfiately developed standards can serve as.zefeience

N

against which interventicn programs can be evaluated and

e

against which change in health and nutrition can be detected.

§
, i
t S

It is concaivable that with changes in the eating habits

of the So called !civilized werld', together with economic
recessions and a diminishing‘fatural food supply, there may
be a negative secﬁlar trend; populations becoming”émaller and
ligher,réther than taller and heavier, the situation which
has been reported in the past - in the opposite direction to
the one reporte=d to be currently disappéaring.

Deviation from the normal patteth of growth thep may be
due to inadequacy of the nutrition of the child and a
declipe in the-heaith,status. In addition it often
constitutes a valuable sign of a specific disease or ’
abnormality, as indicated by Vines (1977). While ths
abnomality may appear to be relatively minor, VineS'waé ;ﬂA

concerned that it could haveh"devastating psychological

Tt onsequences, "

Vines listed the cerebral gigantism of Sotos, the
Beckwith- Hiedemahn syndrome, Marfans syndrome,

homocystinuria and ‘'pituitary' gigantism as manifesting

o
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unusual gtowth patterns - all characteriiédvby excessive
veight, But in Vines' exparience most cases of extreme.
tallness were noticed when an anxious mqther presented her
daughter whc was larger than other girls of the same age. A
little genetic.counselling and dissemination of information
regarding_matﬂrétional growth patteras ;aSjﬁecessary to alléy >

the psychological and culturally iﬁposed'fears of tall girls.

Of more concern was ihe problem of the short girl - whon
?ines con§idered to lie telow the 3rd pefcentile - who may
need further medical investigation with reéardhiopissible
systenic desease, malnutrition, qutional,deprivafién,
genetic constitution and endocrine system functioa/éli of
which singly or in cénéert prediéposed to>very shortZStaturg
thch Vines considered was hazardous in that emotionii
immatdrity was prolonged,

Where pubertal delay or precoc1ousﬁess uas\the
contrlbutlng factor to unusual shortness-or tallness, Brock

(1977) synpathlzed vith the mental angulsh Or embarrassment
of the child and he sought a reliable way to predict adult
‘height in order to decide whether or not there Ehould be

medical interiention. by sex hormone- therapy as ocutlined by

Prader {1977).
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Thus the evidence indicates that the monitoring of
growth can be an important aﬁjunct in assessing the totality

of the physical and emctional development of the inﬁividual.f
THE SIGNIFICANCE OF SKINFOLDS

It was reported by OhoovivathanaQanich and
Choovivathananich (1972) that #%g mid-upper.arm measurement
haﬁ, for sone t{me,,been employed as a public health index of
proteiﬁ-calorie malnutritionébf early childhood in aifferent

-~ parts of the world, The authors claimed that this measure

; -

Yok é&ould be used, vhen combared with norms, to dstect a

deficiency in muscle prctein, a diminished availability of
calorie storage in the form of subcutaneous fat, or, more

;ide—spread, a growth failure of thétbody structures.

Unfortunately the authorS'employed‘ko’definitive
landmarks in their measu:eﬁgnt techniques and while the they
claimed that this was not-aggignificant factor,'this vas
refuted by Ruiz et al. (1971), and is discussed under Errors

of Measurement.

In the Western werld, allegedly free from the problems
of malnutrition and undernutrition, other problems beset the

population, in particular, obesity as the result of
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ﬁecgssarily related to weight which is contributed to by

.21

overnutrition has been identified‘'as one factor which
predisposes the individual to diabetes mellitus and coronary

heart disease.

Obesity refers to cver-fatness (Garn, 1972) and is not:
EN

muécié and bone as well as fat tissue - a fact which was

recognized over 30 years ago.

~ An operational definition of obesity, proposed

" previously by Seltzer and Mayer (1965) has been retained i.e.

the 85th percentile is taken as the upper limit cf triceps
skinfold thickness, An individual having values above this,

being described as obese.

Thhé'with\accurate skinfold mea;:Eénents, and by
comparison of this with means of past and present populations
itishould be possible to detect a secular trend in this
variable, This would also assist in the'identification of
persons th are obese and hence identify_?hose vho may be aﬁ

risk in diseases associated with ocbesity.

Garn also identified the source of variation of
skinfolds ('double fat folds') in children aged 2-18,

presented in the 10- State "Nutrition Survey Report as being a
: Y
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"systematid but non- lihear telationship" with econd'ié
status, Thus individuals with the higher "Income-Needs
Ratio" (INR) 2.25 - 3.00 were reported as being 40% fatter
than those of least affluence (IﬁR between 0.00 and 0.75)
when triceps skinfold were assessed, The socio—econopic
‘influence o skinfold appeared to be dramatic dnd;seemed to
be d;monstrable inlmales at all ages: througa to the>ninth
decade irrespective of skin colour, living within the same
social structure, Thé positon of these»factbrs with regard
to femaleg was much less clear, (Tan et al. 1974), being

complicated by the onset of maturation which is related to

increasing fat deposition.

In comparing skinfold measurements of high school’
children in metropolitén Manila, with those of U.S.A.‘norms,;
findings revealed racial differences which were in fact
ascribed to ggonoﬁic and nutritional differences (Tan et al.

1974) .

In the application ¢f normative data to the clinical *-
situation there may be little justification to assume that
deviation from the mean is indicative of that deviation being

beneficial. Such is the situation with skihfoyds.' An

increasing mean of this parameter is indicative of increases



years. He indicated that children with a head circumference

;n therquanitity of subcutaneous fa{ which méy be deletéripus'@\s_
tc the indi?iddal and to‘fﬁe population which is used to
establish theﬁgormative data.

In 1972 Jeniéek and Demirjian reporteg tricepsland-
subscapular skinfold assesément of- over 5,000 French-
Canadian school age children in Montreal. This was the first
attempt at reporting this type of information on Canadian
child;en since 1953, they compafedt;he two sets of data and
observed a "secular frend"'tovards,higher fat. They .
attributed tﬁese differences to sampling and technique
différencés. Had the relevant information been collected,
the INR could have provided more evidence ©of the relationship
between economic status on skinfold thiCknésses. Similarlx
with the,continuing,incrgsse inrcoronary heart disease, - - - -
monitoring skinfold thicknesses serially and.comparing them
with the incidencé of disease, could be most informative.

HE&RD CIRCUMFERENCE ’ , v

The value of the measurement of head circumference is -
nov established clinically in that it can indicate

pathblogical mental conditions., Nellhaus (1968) eStablishéJ

norms for this measurement from literature in the previous 20 <
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two standard deviations from the mean, might~Shovruental;

L‘-‘

retardatlon whlch Was =uggest1ve of Down's syndrone.

'Furthermore, because ‘of the apparent stabillty of head

c1rcumference 1n”ch111dren at varzous~age levels, he

' suggested that any measureaent Bore than the mean could be = TE

considered as atyplcal, and the 1nd1vdual's developnent

'regulred attent;pn.

3
\~

While this type of condltlon is more likely to be.

detected Toutinely betueen birth and two years of age, such
measurement couldrbe diagnostic for condltlons such as

hydrocephalus, and traumatic subdural hematomas, which may

occur later in childhocd. Further, Stephenson et al. (1968)

rinvestigating heighf;and weiéht ;elatiohships in cerebral

gigantism found that eight out-of ten cases-of gigantiss -
displayed advanced height and weight for their age group,

falling two to five standard deviations from the mean.

PHYSICAL PERFORMANCE -
. | . . el s

w ﬂg:‘ T
One of the more recent innovative”and stinulating

appllcatlons cf anthropcametry has occurred 1n attenpts to @

'1den£1f?‘f£6§é’characterlstlcs of hody bulld in high

: perfarmcer arthietes which vcuﬁ @pW***Sﬂettffﬁose *-i'**"ff”’%

individuals uho, other things belng favourable, are more

. -7 s

likely to achieve success. s -

S

Je
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“subjectively, it is relatively;easysto identifyﬁﬁetueen

the long distance runner, the shot putter, the Jockey and the

basketballer on the ha51s of body 51ze. It is also 90551ble

that oh]ect1ve measurenent can be used -to indicate pos51ble

success and moreover that objectlve data can be used as a

tool in athletic ccunselllng when applleﬂ to the young~ch11d.

- — -

c‘;-,

In,1968 Clarke,~after conductlng a longitudlnal studg on

young athletes, reported that at young ages and over a wlde

- «range of activities, the individuals who were sgqceesful on

the athletic teams were those who were taller and heavier

- than their non-athletic peers. A trend toward taLIer and”,.

heavier athletes competing in the same event was detected by

- Jokl

1928,

AN
et al. (1966) in 'e’xiiiﬁiﬁjgf these variables 'd'ﬁr’i‘ng’ the""' o

1960 and 1964 Olympic Games.

While this phencnencn oould be explained by the secular

’,»¢rend which was still evident at that time, Balina (1972)

noted an increase in the helght and weight of footballers

- froms

1899 to'ﬂ970 which appeared to be more jarked than ‘the

‘secular trend particularly in terms of weight which could;“

no* ‘be fully explained in terms of the secular increase in

. ..
o S

height.

¢

1‘5}
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The phencaenon is mcre likely to be the result of -

inproved technology in the sports services thch has ﬁrov’ded
¢

more Information regardxng tralnlng regllens and diet vhlch

have been dengnea to 1ncrease body mass. ﬁo’r\er it was

reported by Garr et -al, (1972) that the clinically obese tendf

to greater statute vhlch nzght suggest that those 1nd1v1duals
are *‘selected: preferentlally for some activities, Hovever
'it is intuitive to suppcsé that'iﬁ breference to this"
éuggestion, stature is selective«only'uhen obesity is not

. L'y
involved.

- The‘advantages cf tulk in some athletic ev?ntsfnight be -
seen as being related tc strengtﬁyxstability and the 1§sser'
"likelihood cf irnjury. Howgver it'is‘obiiousbthatvthis
characteristic léy'aisp”he*a'handicap“in cgrtain*typés of
athletics, ané¢ it is desirable that pecularities of'i
gaﬁyropénetric ieasuzenent in All mthletic endeavogrs be'
investig%ted. o ' - . o

Paulkner (1976) investigated Canadian figure skaters in-

»
\

an attempt tg-isolate thosegphysiéal features which seemed

predictive of success in that-activity. Tone most

significant feature he detoctcd ¥vas therér0pcrtzona1
shortness cf the lower leg in young elite skaters which was

consistent with the same dimension in senior elite skaters.
~F

-
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Unfortunately there uere 00 current av;} lable Canadign,norms

to allcw a somparlson cf any of Faulkner's results, Thus he
wvas not able to assess how the }oung skaters coampared with,

their-own age group.

The‘ability to judge the relative position of the
individual,iith respect to his ége‘group in regard to any one
variable is perhaps more indicative of future success than
!any other comparison., This is especially so if the report by
Owen (1973) can be substantiatéd ﬁ;lely that there is an
assumption that "small éqildrgn tend to confinué to be small
... and large children tend to be near the ué;gr.

percentiles." The accuracy and reliability of that statement

can only te juﬂged 57 extensive longitudinal studies.

- "PSYCHOLOGICAL CONSIDERATIONS

r - ' i

| ? e idga of a 'sound mind in % sound body' was %;§:\\ :
faraphrased’ by Krogman (1955) to "a sound develop%ng mind in “)

a‘sound'develpping~bodj" vhen it was suggested that physical

grqwth'i?y affeci'both the mental and behavioural developlént

of the child.

Thls llne of 1ntenest ¥as pursued by Ketchan (1960) #ho -

1nvestlgated the physxcal and mental traits of intellectually



" - this survey have little real significance.

:g\‘

- ) k¢ . - - -
+

glfteﬂ and mentally retaraed boys,,concludlng that the

1nte;lectually glfted bcyc vere to'be found in the thher

percept;leg y;th':ega;d to.helght and ve;ght while the

retar@éd toys were found to be in tae lower percentiles. It

2 .

..¥as. temptifig to draw the obvious’conclusioné} but due to the

N S

’ faqt“thatfnd'considetation was given -to the maturity or to

e

the“sébiai;clasgyof the subjects, both of which. are known to

signifibantly influence the growth pattern, the results of

Nevertheless Douglas:et al. (1965) took into account

. . 7 p ) _
both social class and the stage of sexual develop;ent‘vhen

reporting that there was a hiéh degrae of correlation between

i '

educatlonal ablllty and helght and that taller. chlldren

’

tended to be superior in neacured educatzoaal aballty andr~~7Wﬁ—m—

attalnment, at least up to 15 years of age.

Lunduén (1972) , investigating Swedish school children
cited the work of Schiotz,r;ho in 1917 proposed that on the
average, Norwegian children with taller stature were from
vealthier parents than vere sho;t children and that on the

-

average, these same tall children achieved higher grades in

school, Lundmar validated what he referred to as 'Schiotz
Rules' and discussed both the genetic and environmental-

factors which may have bhad some influence,on ﬁis work, 1In
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addition he founé;QAcofrelétioh between the size of head and
success at school as well as an association between I.Q. and
hair colour. The sighificance‘of ghese correlations have‘
apparently not warranted futhér investiéatién no doubt due to
a lack of evidence that there is any real meaning in the

correlation. kkN\

In his book, "Atlas of Men" in 1954, Sheldon appeared to
idéntify personality with somatctype ({(boyd build) and it_was
-this unfortunate aspect cf his work which brought
unfavourable reactions, thus setting back tane work on

‘somatotyping.

Walker (1963) examined body build and behaviour in young

children, examining, in particular the parernts r&tings of the
behaviour of the child, which he det:;}ined togbe related to
the current status of the childs.phxﬁique.' He detected a
quasi-Sheldonian effect, in that the parent viewed the
behaviour of the child to be modified by his growth status.

It could be argued that this effﬁgf might then influence the

N

actdal-behaviour of the child asjuell as the personality of

>

the child., Alternatively it could be suggested that children

of a particular body build display a certain type of
behaviour and personality - an arguaent which has lost favour

’since the anti-Sheldonians, . 5

; J
=

N

it bmtaten, o+



Iu 1977; Harnett et al. examined persomnal space inr
relation to boay height, Theyvidentified a personal \
influence uhich'ﬁas related to-thg,distagce one individual
stood from another, such that the taller the subject, the
further avay an observer stood as if to "mitigaterthe

stimulus characteristics of the tall cobject person.”

while this effect may seem to have little practical:,
application, its identification enables man to more fully
understand himself and his relationship with others, mediated

to some extent, simply ty diferences in stature.

The relaticnship cf stature and presulablyrother
anthropometrical detailftqttheﬂpsychologyloffthe;individual~w—~wr~fm
is a much more Conplex ccnsideration than mgre physical
comparisons, The£é¥égpear %bﬁb;ﬁmore factors which aight
influence this relationship and the identifica£ion of
interaction effects -between these factors poses an awesome

task.

P
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GROWTH STUDIES AND STANDARDS

At a meeting in Tunis, February 1971, of the

International Union of Nutritional Sciences, several

31

recoamendations were lgge‘uith regard to the establishment of

growth standards. (Committee report, 1972).

From the recommendations, the most significant would

appear to have hLeen:

Y Each countries (sic) own standards must he derived

from carefully selected samples reﬁresenting children growing

. . ; ' % .
in an optimal environment for that country. Genetic and

racial factors must be defined and .appropriately represented

in the sample.

;) Eguallj vital is the need for the standards to be
derived from accurately obtained basic data. Five measures
vere recommended viz. height, (nudé) wgight, upper ara
circumference, triceps skinfold and head circumference to

three years of age. ~.

\\

S
g

3) Croés-sectional studies for the above would produce

4

comparatively rapid results and would be of great practical

value, ...these studies should be repeated at intervals of
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several years to assess secular growth; Lohgitudinal study
~ cf some of the subjects would be an added and ideal

prdjection.

In considering the first recommendation the
deterhination of any mean parameters assumes that the
measurements are distibuted normally i.e. exhibit a Gaussian
distribution, and furthermore that ihe population from which
the results are collected are normsal with respect to all
factors, 1In man this éoses the impéssible task of
normalizing socio-econoniq, cultural,‘genetic, psychological
and physical factors., 1In anthropometrical studies it is not
always even possible to iden£ify all these factors.

Consegquently, descriptions of the population under

i ,
consideration are by no means definitive, but by considering

sufficiently large numbers, variability rather than -

selectivity is hoped to be expressed in derived data.

Whether c¢r not it is necessary for eaca country to
develop its own standards depends on the questions which are

being asked., International comparisions, require one
3

standard reference whereas changes of one group within a

country to a’ similar group within the same ¢cuntry are best

detected by c?n;érison against a local stanﬂard.A _
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In establishing normative data there are supporters for
considering the selection of the subjects living under
optimal conditions as opposed to'those vho support selection
of subjects fror a middle-class enviionment and the
difficulty of definition of either of these envircnments is
under§§§ndah¥3‘complex . Income, gross national producg,
educatibn, and freedom from disease are all indicators which B

. 5! :
could be used to define status.

Tannerik1976) recommended that thg'"best—off group"
should be uséd and fhat surveys shouidrﬁ%hnade every{five to
seven “years in all parts of a égpntry. Howevef»he alé&
argued}against_this group being used, recognizing that they

&

P fa
mature earlier and grow up taller, thus not fully

representing the mean of thz population.

Habicht et al. (1974) suggested that "comparisons to
estimate the nutrition and health status of populations are
best made by chOesing a large sample of middle class children

«e» as the standard ccararison.”

e

It might be asked whether we want to chénge the growth

measures and patterns by the lanipulatioq of those factors

vhich influence growth, cr-does the interest in aonitoring

grovtﬂ lie simply in observing changes which occur as
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ancillary results which are apbropriate to the prevailing
. : ; _ >

conditions? 1In some ccuntries striving tc create greater
growth iﬁ individuals may in fact be deleterious to the vhole
economy'oﬁ that céuntry‘by placihg a drain on natural
resources, Unfortunately some of the ;riters in this area

imply that rkiggest is best and smallest is inferiqg - a

philosophy shich needs reconsideration.

With régard to the second recoﬁméndqtion, it was in 1927
that Davenport‘described his ieasons for writing his guide to
measurement as an attempt to systematize measursement and
thereby provide a framework within which differences could be
expressed meaningfully and gquantitatively. Furthermore he

¥rote, " We dc . nct measure fcr measurements, but for

scientific comparisons; and hence not a‘nunber;”but”the"béstﬁw

numrber is tc Le obtained."

Since that publication, several others have appeared .
) ~

(Hrdlicka 1952, Montagu and Ashley 1960, Olivier 1969, Weiner

and Lourie 1969, Borams et al. 1977). all have some

Je:v

modifications tc Davenpcrt's descriptions, and to others.

published before them brcught about by the experiences of the

1"}.!‘

authors, All showing a progfessi#é degreé 9% definition, up

to the most recent publicatien of Ross et., al. (1977).



Specifications of measuring equipmént and explicit

instructions to describe the measuring technique, hafe led to
e ) ;

a consistency of data collection uhere‘there can b%"little

‘confusion, and future co-operativé, joint international

" studies and surveys will enjoy a high level of -

standardization never bhefore possible,

With regard to the.thira reconmendétion of the
committee, Tanner ]1962} reported the oldest study of growth
in existence, when Ccunt Philibert Gueneau de Montbeillard
Vrecorded ;hgghéight of his scn every six months fronm birth té
eighteehryears.of age (1759-1777). It vwas virtually fronm
this longitudinal record that the ptoiiferation of“gfowth

curves have developed, ard from which grdwth characteristics

have ‘heen elucidated. . e

) .

Typically, there aré two methods used in the developnent
‘of growth curves, namely, 16ngitudinal studies in which tﬁe
subjects are heasured at, say, 6 month intervals over a o
period of years, and cross-sectional studies in which
subjects from all age grcups are néasured at the one tine;

once gnly. Both have been used; both have advantages; both.

bave their limitations; and it is recognized that they cannot

te dealt #ith statistically or conceptually, in the same vay.  ° -~

N
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Scheie (1965) and Baltes (1968) considered‘ that neither
types of stﬁdy were adequate for comparative studies where
thereiare genetic or cultural changes, since neither give
inférmétiop which could te regaréed as true age effeét.
However the claims of these aufbors have evoked‘little‘
respon#e from anthropometrists, perhaps dﬁe to the
sophistication and cecmplexity wathe'mathematical procgdures
ihich‘they suggest -as an alterggtive - procédures which may
be statistically appropriate but conceptually coanfusing to

the pérson using the derived data.

Meanwhile Van 'T Hof (1977) considered both lomagitudinal
and c;pss-sectional data as the tests of measurément.of V
growth. The iongitﬁdinal'stddy he saw as "one well-defined
| étatistical popqlation." This,impliesiheavy”biasesﬂandw,ﬁw+3mmfwm,
—consequently limited applicability. Only when very large
populations are investigated using tpis metgod may a nora
representative'saqple be tapped. pit is charactgristic of
theserstudies that they are time consuming and indeed the
Leuven Study of 21,174 children from age 12-19 (Simons et. -
al. 1974) states that after five years they "...need a few
more years before all uénted computations and comparisons are
carried out.™ The final report of this study is still mot
available, and byithe time it is, it is conceivable .that - -
growth parameters and patterns will have occurred and )

reassessment will be necessary.



Purther Van 'T Hof suggested that éross—sectiona; data
taps different populaticns and is therefore more variable.
This type of study does not give mas consistent a descriptipn
of growth, and thé applications'... are limited."
Furthermore, 1£ age effects are belng determined 'cohort
effects!, due to the secular trend, which accountsffo;”the, Qii,,mfﬂﬁﬂ”;
primary difference between cross: and longitudinal studies, aé;
"well as 'time of néasurement‘effedts' {Billewicz 1967) ére
both disturbing features; Heowever -the preSence of the
secular trend;ié in doubt and 'tiue of measurement’ effécﬁs
can‘be eliminated by careful study organization, which makes

cross-sectional studies more appealing.

Ideally all test measurenents should be compared with a
uornallzed sanple collec;édia;u;ggvéége tlmeigfineas&fénéﬁgjﬁwwﬂﬁmmivaﬁ
to ensure that thg standards‘are appropriate to the time and
the place., Fros aipractical point of view, this;is obviously'

not possible.’,

One of the aims of the present study was- to collect data
as quickly and economically as poss;ble S0 that they could be

used 1n-ed1ately in any environment which was seen to be

genetlcally, phy51ca11y and biologlcally s;nllar to that from

vhich the sample was draun. Fcr this reason a

e BBy b 1 17



38

e B ’

‘cross-sectional study was selected despite its limitations..

o7

The data which have been collected, now enable an

individual's growth attainment to be assessed in coamparison °

with the appropriate age-sex brototype.

FACTORS INFLOENCING GROWTH

(//,'} _ | : ‘ o o ,Wﬁﬁ,,Aim;
As%uith post areas of{the.studf of human development, o
‘thevproblem of the nature and nurture conflict is equally

applicable in te£m§ of ﬁhysical grovth.and¢developmént.i Tﬁus:l
an appraisél of/fié*faciézs énfluencingfgfouth:involves
considegatién of genetiq con#titﬁtiogvand*influehtial
enviro@héntai factors.

- GENETIC CONSPITUTTON
It h§s long ?eenvrécognizéd that étatpre,is largely q gﬁh
rdetermineé;by:genetic éonstitution, so ‘that tall parents tend
to have tall ciildren anf short parents tend to have short
children, (Malina et al. 1970.) antherﬁore parnell (1958).
) ~ , _
noted that there was a strong tendency for children to follow

the "parental line principle.” This vas supported by Osbormne

and De Geoéqe¥44959}ﬂinmciassiealitxin—s%udiesmahefefafl
girth, vrist breadth and, to a lesser degree skinfolds, were .

k-

seen to follow. a familial pattern.

1

o



e

There is pevertheless some degres of variébllity.since
. ) R N ) o " - . ) T
tall parents have shcrt children and vice wersa. Some of

this variability can be attributed todgenetic assortment. -

“Furusho (1974) identified additlvity of gene action in

S

‘children‘in thé?ﬁ to 17 yeers age period, and calculated the

presence of 7 gene loci, each having an effect of 3 - T

of the same. blood type, perhaps suggestlng a ﬂodlflcatlon

3

Y
Al

"populatlon even greater varlablllty is ohserved in ethnic

centiueters, there being also an allele having a negative

effect ‘ga. stature.

Other variability in stature has been related to

sereological incqnpatibllity (Wolanski, 1974). fhis study

shouéd‘that pareuts of different ABO blood type"had taller
"F

children as. adnlts {and in partlcular, boys) than dld parents

effect. xThe same study also suggested that parents with Rh

1nconpat1blllty produced taller children as adults, but that.

-

prlor to adulthood the chlldren vere relatlvely shorter for : -

,A'

their agde. o

ihlle there is ev1deuce for genetlc variability vithin a - T3

cg;parlsgnsspartlcularly althlregardliolstatnre, and a

conszderatl of the Iatut51 with a mean adult hegght cf T76

Tia

cm,, and the Itur1 pyglzes with a mean adult height of 1#0

>z_ 7
« Ly »
s = -jé‘ A

i e

e -
. -
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cm. -(Habich et al. 1974) guickly illustrates tne_pbint._;
Houener studiés of children of different gthnic origins are
iaéking (falira, i969). :Studies b} Snit‘et a1: (19675 dn
white South Aﬁiican Bantu, éoloufgd and Ihd}an,cnildren aged
-15 yeaPfs all living in South Africa identdfied differences

betveen the three group< However the political situatiorn of

that country akd the narked heterogenelty of 11v1ng standards

could vell have been the lajcr contrlbutlng cause of the

~

observed diffeiences; Indeed the cr;t1c15ns of this study .
- by Harshall (1971) indicated that due to omission of
populatlon acscrlptlon, results of statlstlcs and the nalbers

of subjects 1nvclved, this work ° nay be of doubtful value. TR

o Etanic differences were reported by Barr et al. (1972),
- investigafﬁng childrenﬂin;the:San*?rancisco'area~betﬂeen11967fmmf—W'

“.and 1970 bThey:detectédfstriking differences not only in-
s —

size but also in the pattern= of grouth in children of three . -

skin colours.

- .
=

iouenstein et al, (1974), comparing Indian, Southern
Punisian, Egyptian and qsi children, 'and Habicht et al.

(197&) exalining ethnic diffeiences in grouth potential, both

dlfferent grOch patterns and‘neasures, the socio-econoaic
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and environment factors play greater roles in grcwth

determiration than genetic constitutioﬁ.

The effect of envircneent on growth potential gps,well,

illustratéd by'Greulich {1976) who observed the qgﬁ%riority

-in stature of American bcrn Japanese when compared with
~ N > . . R o

native Japanese born children. On the assuaption that there

¥ere no outstanding genetic differences of the two groups it e
s N g : . o

was suggested that the mcre favorable conditions of the’ ) v

American population facilitated the better expression of

-

growth potential.

. SECULAR TREND

. ;
One of the most thcrough examinations of the secular

trend, i.e., change perceived in different~generations,c

o

presented by Boyne et al. (1957), when they examined data 1 ' g

from British children froszs 1883 onwards, but ctoncentrated on

LS
5

the period from 1911 to 1953. They indicated a noticeable

‘increase in the height and teig§t of;§hi1drgn1at“each age

—Fe

level up to that inEj and" suggested that the "...secular

" trend is not merely an expression of acceleratiomn of -

&eveiopnept“tbvar&s pnysicaI'latuggtif”but signifies

increasing fulfilment of growth pétential'and thas iiplies a
& T -

pAtenre CRENL LR

RO E

)
L



42

net increase in the height of the adult population."™ But by
: -

1964, Bakwin and McLaughlin were suggesting that the secular

iﬁcrease in grovwth had been completed by ceitain sections of

the populatior, in particular entrants to the select public

rschools of Harvard and Wellesley. Factors which were seen to

have contributed to the seculag trend but had stabilized were

diet socio-econoeic arnd cutbreeding (heterosis).

The cessation of the secular trend was again identified
by Damon (1968) wvwho in examining height and weight in
faliiies entering Harvard between 1870 and 1965, sugéesteﬁ
that it was ir the upper socio-economic group where the
cessation apparently first occurred. Iaplicit in this
suggestion was that a cessation cculd be expected in othér* 
socio-economic'groups; if better econcemic conditionscouldgg

improve the envircnmental aspects of life in the so-called

lower classes,

However Lavelle {1972) could find no decline in the

rsecular trend, Neither could Bowden et al. (1976) nor -
Blanksby et al. (1974) in their studies of Australian ' |
children aged 0-18 and 5-13 in the respective studies. But
in the lattef studj there was a long éeribd bet;é;; -

comparisons ard there is no certainty that the increase which

was observed, had nct ceased years before. In both cases

&

e T
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P
failure to isolate socio- econcmic groups could well have
influenced their conclusions in that the lower socioc-economic
groups might well have been the only cnes contributing to the

obsarved changes.

While Damon (1974) still believed body size to be nearly
stabilized, Meredith (1976),ﬁin a four continent stuay,
continued to refer tc a secular increase in mean height
during mid-adolescence, declining fhen to aduithood. He

2considered this trend as being a phencmenon of childhbod and
early adolescence, with "growth in body heiqht proceeding at
i a faster pace in recent decades than about a century ag?."
Rona and Altman (1977) reported that the secular trend of
reight increase had stopped in the S5 to 11 age range in

English children.

ENYIRONMENT

The living conditions of the individﬂal includes
“geographical location, nutrition, clothing, housing, and

health care; elotiqnal conditicn§ gfpfgggriyyqﬂlove and
family strength; and the environmental conditions which
influence psychological development, It is generally
impossible to isolate these conditions and so the environment -

is taken to le defined by the group shich is specified.
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With rggard to gecgrapbical location'Berg@an's Law,
{Hulse, 1963) states that "ngmna s of any one variety which
inhabit colder regions are as rule larger than those of the
Same variety in warner regionk." This has been found to
apply to many sPecies which live in a uide‘clinatic range.

. It would seen that mcre cften than not, short people native
tc¢ coid areas are stocky in build, whereas short people
nativs to a'hot climate are slight, Thus weight has been

found to ke related tc climate, (Roberts, 1953)..

Clegg et al. (1972) observed linearity with increasing
altitude and suggested that "lowlanders" have a tendency to
-be énaller (shorter) tharn thcse at low altitude due to an

inhibitory effect on genetic €xpression.

Much of the literature in this area relates to snali
ethnic grougps, Reports have been presentedysn
Czechoslovakian gypsies (Mala, 1973), Cahadian eskimos (Rodé<
and Shephard, 1973), no;thern Indians (Ganguly, 1974) and
rural Coluambian children (Mueller, 1977). Conseﬁsus of

cpinion was that

1) within a racial groupenvironment has a stronger

influence cn stature thar genetics.



2) within the group differences car be found in

environmental (ecocnomic) levels which produce differences in

stature.

3) levels of health and nutrition are primarily

responsible fcr cbserved differences.

4) as the full integration of one racial group into a
genetically different grcup takes place, "size differentials

will disappear." (Rode ard Shepherd).

While it is nct possible to relaﬁe particular
rhenotypical differences in body build to particular
environmental differences, najdfﬁéélatioﬁshiﬁs c;irbé
identified which may give insight into the influence these

conditions have on the individual's genotype.

RADIATION - ’ | [

While not the most common environmental condition
experienced, one of the most devastating changes to the . .. . .
environment occurred with the explosion of the atomic bosb. .

Greulich et al. (1953) recorded the adversgﬁghangéériﬂich

e
e
e
—

o

occurred in children who survived in Hiroshima and Nagasaki.



Despite inéfoved food and general living conditions, they
found retardaticn in height, ueigh; and skeletal development
five and a half years after the biasts. But while radiation
may have been the principle cause of the growth retardation,
it 1s also possible that the traumatic physical, .emotional
and psychological consequences may well have equally

contributed.
EXERCISE

Increasing importance is being given to formal physical
activity which is by no means synonymous with exercise
undertakeévas part of environnenfjp or cultural demands. It
should therefore.be possible to isolate the effect of an
exercisédprogran oh,groyth, ;siﬁg.longitudinai”éfﬁ&iégv;iéﬁﬁij
controls, While this infornatioﬁ is by no means definite,

evidence seems to indicate that exercise is a stimulant to

growth.

Siaon (1961 reported an acceleration of ggowth inrbody
bulk in 1&-15vyear 0ld children QUring a six-month training
program and Parizkova (i9§8), in a longitéi;g@l study,
detected striking differéncesrin b§dy_conpositon between aore
active boys and less active boys, alfhouqh their basic

anthroponetry and skeletal maturity did not differ after four



yéars. However it was noted that pelvic breadth in relation
to stature and shoulder breadth was narrower in the more
active group which led her to suggest that "the skeleton
could be influenced by physical exercise ... without
resarkable changes in absolute values of most traditionally

measured indicators.”

Many studies in this area have lacked adequate controls
which is a departure froa classical experimentation imposed
on allos; all work-in this area, and using thé *technique! of
retrospecti;e guesswork could hardly ke described as a

scientific approach e.g. de Wijn (1968) asking of the

ectomorphic chilad:

wvhat the pattern of clinical growth ... would be when
his father gave him, at an early stage-at séhool, a pair of
boots to play football with .... Maybe he would grov up as a

medinm build muscular tyre.

More recent studies have strongly pointed to the

.stimulating effect of exercise on growth, Parizkova (1974)

concluded, "It iswpossihle”thatflode:ateféxercisém;endsptofbeg,,,WW4Wff

detrimental to growth vhereas greater quantities or

intensities of physical activites enhance grtowth™., 1Imn a

review of the topic, Rarick (1960),cane'to a similar

«

-

T



conclusiod: namely, that ‘there is a minimum lavel of bhyéical
activity which is required to support normal gﬁovth. However
since growth is i fluencedyby scC aaﬁy factors’itfis di fficult
to provide the cogtrol conditions which are necessary to
determine to:what extent exercise contributes to gfouth. ' e
This is reflected. by Cuiling (1976) vwhen he pessimistically
activity for childhood, and likely never will.® Similarly
Bailey (in press) could ke no more definite than concluding .
that exercise is a "contributing environmental influence to
bone»grosth length and bone density, though the position of

children in the latter case is not clear."

Irrespective of the uncertainties, it vwould seem safe to
conclude, as Borué e% al. (1974) did, that one of the main- — - -
aims of physical educatich, is to provide amn activity n
environment which will contribute to the optimal .growth of
the individual., The position with regard to severe trainiﬁg
regimens for children may need to be approached more
carefully.

The literature cn growth is evidence of the wide range

of interests from which the topic can be vieved. Ehis faﬁééé
from the significance of growth assessment, to methodological B
approaches, to a‘conside:ation of the multitude cf factors
vhich have Leen investigated as their modifying influence on

the essentially genetical;y determined phenomenon of growth.



III. MNETHODS AND PROCEDURES-

The project was conceived of as the initial phase of a
Coquitlam Growth Study and vas soon jdentified by its
“computer acronys COGRO. Thié conventifn is used throughout

the body of the thesis,
SUBJECTS: .

The subjects for the present study consisted of 923

_ school children from three schools in the Coquitlam district

of British Columbia, Capada. The children ranged in age froam

5.57 years to 18.22 years (girls) and 5,58 years to 18,22
yeérs (béys).rﬁéhildren who had obvious physical handicaps
were measured but excluded from the analyes. |

‘The mean and standard deviation in age for each age

group and the numaber of subjects included in the group, are

shown in Table §,




GIRLS

"AGE MEAN

6.109
7.009
8.082
9,043

10. 127

10.958

11. 950

13.065

14.037

15.015

15.919

16.931

17.871

BOYS
5.910
6.937

8.031
8.935
9.994
11.006 -
11.915
13.100
14,010

14,987

16.014
16.935
17.857

£

Table 1

(s.{égﬂg
0.3

0.280
:0.283
0.304
0,277
0.308
0.300
0.265
0.284
0.282
0.298
0.244
0.248

0.237
0.284
0.263
0.280
0.302
0.319
0.306 -
0.298
0.288
0.261
0.280
0.291
0.219

TOTAL (MALES + FPEMALES)

' TOTAL

TOTAL

NUMBER
18
25
15
30
20
24"
35
37
67
66
52
47
10

446

17
22

. 22
27
21
26
34
35
76
77
56
43
21
477
= 923
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The suburban municipality of Coquitlaﬁ, adjgéentvto_ v ?'

" Vancouver was selected for several reasonsz-
a) the superintendent'df Phyéical Education for .that
" school district had earlier, prior to the éonceptioﬁ:of

COGRO, ‘expressed an interest in research of this nature.

b) the area was considered 'mixed' in view of the socio-
economic diversity and éultural backgrounds of the general
populace, ’ .

'c) the close proximity to Simon Fraser University

facilitated the transportation of équipment and personnel who

were to be invol#édfinﬁihé'éfhdj;i

The:selectiop of the three particwlar schools, Gleqaﬁre
Elelentary School (Kindergarten to Grade 7), Mary Hill Jhnior
Secondary (Grades 8 to 10) and Port Hoddy Senior Secondary
(6rades 11 and 12), was based on the following

considerations:

a) recoamendation by the Superintendent of Physical

Bducation.

it b




‘schools to supporfrthe project and accept any minor

‘b) facilities, staffing and activity programmes of the
schools were considered to be representative of schools

vithin;thefdistrict.
'c) the agreement by Principal and staff within the

inconveniences which might steama from the study.

Prior to thexmeasuring sessiohs, students in the

;elected schoocls vere given afletter of explanation {(Appendix
a) td £a;e home to their parents. The letter explained the ﬂ
purpose of the study, the methods whichrwere td be employed
and gave the parent's an cpportunity to withdraw their child
from the study. 1In all, five children were uithdf&un-on |
parental wishes and cﬁé’éﬁiid”iéé’é&éiﬁdéd’as it was
necessary for her to véar a heavy body cast as patt:of her .
treatment for scoliosis, One 16 year old boy ;as included

since it was possible to make all the anthropometric measures

except body weight which was altered by a cast for a broken 7

2

"leg,

\\‘

L)

PROCEDURE:

The COGEC study was conducted in two parts -

antaropometric measurement which is reported herein, and
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perfornance'testing. The pnrfcrnance tests consxsggd of a .
standing broad:jﬂnp,xvert;cal jump, softball push (throw) and

a timed sprint over 6 nef;es: The :e§u1t5¢of these tests

will be reported elsevhere.

The children frecm each class reported to thedteétingi
area on two occasions within one veek, one for earch aspect’ crf
the tota; procednre. They vere dressed in mlnlnal ci‘fhlng,
generally the boy§ wore shorts only and glrlseiore‘a T-shirt
and shorts. 'The children changed and ;ere asselﬁigdrby-a
marshall who gave thea instructions fOrffillihg in the
required infprmation on the data-sﬁeets;‘A -sample’of which is
shovwn in Appendix B. The class registers wers used to record
bith date fot all elementary schogl”chlldren.. older SUbJéCfE

.
the Marshall, The'class_fas then subdivided, one half going
toredch of the two test areas.
. , L.

To gdther anthroponetric datav ‘the landmarks vere >

identified and the chlId\p:oceeded to each of six statlons

which were establlshed to measure: '; .

. supplied the icpformation thejselxesﬂﬁnder”theAsupe:11510$\gfﬁmww,W”,WW,

1) height and uelght
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‘ . 2) skinfolds S B ol

'y?}) lengths

- J 4) “girths

«
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. : 5) breadths

“

8) slttiﬁg height, head and neck girths and A-P chest

depth.

-
5 A

7

Bach ‘child moved frcm station to station with their data
sheets;L Theﬁgafshall epsured that there were no long queues

= ‘ at any one station by diré&ting Subjects to free statioms.

This organizaticn enabléﬁ, on an average, eighteen children

to be measured in one forty sinute period.

s . -
. - ’ N N
, B
b -

As childrern completed their assessement, their data

sheets were collected by the marshall who checked for missing
or obvioqsi} '‘errored' items (in either mea surement or

recording), converted date of birth to decimal years and

ensured that the fo:-s¥ué;e ready for coamputer input by

=

N 'colpleting iteas 1.01, .1.02, 1.03 and;21 on ggé data §heet.

In the evening after each measuring day, ali data were

AN - s . . . . .
z -\ entered into infcrmation:- retrieval files (WYLBUR) in

o . \
- - 5 5 -
< N i B - =

T T
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readiness for error checking and statistical analysis.

”

~

PERSONNEL:

One of six trained anﬁ experienced anthropometrists
(gither faculty lg;beis or graduate students fro® Simon B
'Praser Univetsity-S.F.U.) masvresponsible fof each of
the six measurement stations. The néasuring skill of the six
trained kinanthropometrists haa been yalidatediggainst a
.single recognized criterion measurer (H;D.R.) Four (D.D.,

R.4., A.R., H.R;,) h@d teen involveéwin‘earlier extensive -~
kinanthropometric studies (Mcntreal Olympic Games
Anthropologic Project, and Canadian Synchronized Swvimmers
Project). The other two members (R.¥., N.W., ),,,,h,,ad_rzgep;,,‘

involved in extensive, independent kinanthropometric studies.

This team c¢f measurers. had contributed to the production
of an audio-visual taperh»lethodological prccedures which
will be used as a teaching :esource. Five of the six meambers
made a positive conmtribution to the 1st Internatiocmal Course

for Kinanthropometric Certification in Brussels, Belgiunm,

July 19731’”TﬁéEé'§1i“iéi5éréi;ere'§olely responsible for all
measurement at that station. This meant a wminimization of e

inter-measurer variability which can occur wvhen the same itenm

=

13
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is measured by different anthropometrists. This procedure
has been used in many other studies where inter-measure

reliability has been cf concern.

Undergraduate students, undertaking a course in
‘Kinanthr0p6metry at S.F:U., were assigned to each of the
train=d pefsonnel as recorders, These assistants had
recelved 1ﬁ§truction in the anéhropometrical meth:hs vhich
were employed and were also asked to assist when necessary.
They were taught to check haintenapce of the erect position
at the length staticn, alignment of the tape in the
horizontal .position at the girth station since mirrors vere

not avaiable for the trained persbnel to gelf?chedk, and to

set the head piece at the height station, In some inétances

at the Secondary 5chool$ senior students a551sted in
recording wher there were insufficient S.P.U. students
available. In all instances Trained personnel supervised the

work of these recorders.

EQUIPHENT:

stadiometer as described by BRoss (1975). All other heights
n .. 2=

and lengths (items 4.14 - 4.20 and 7.38 on the data sheet)

were measured using a Martin design sliding anthropometer
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(manufactured by GPHM, distributed by Siber Hegner). A large
ﬁpreading caliper (GPM - Siber Hegner) was used in the
measurement of large breadths {(items 6.32 - 6.35), while the
lesser breadths® (itees 6.36 and 6.37) were assessed using
Mitutoyo vernier calipers, as adapted by Carter (1975)..
: 2
All skinfolds were measured with Harpenden calipers

(manufactured by Holtain Ltd.).

Weight was measured to the nearest 0. 1 kg. using a Homs“””lM

Pull Capacity Beaa/;cale.

A linen tape obtained from Siber-Hegner was used in the

measureaent of all girtks (items 5,23 - 5,31 and 7.40 and

)
7.40 .

TECHNI GUES: \

L

The following secticn indicates the equipmé&t used for
each measurement, the definition of the specific
measurements, the appropropriate landmarks, the position of

the subject while the measurements were taken, and other

information which was considered essential for standardized
measurements. Specific instructions for individual

measurerents follow each general description.

-

~
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LANDMAEKS:

These were the skeletal points which were identified by

palpation and enabled reliable and comparative measurements
to be made., The landmarks used in this study were those
‘established by a Leon and Thea Kcrner goundation

Kinanthropometric Study Group as reported by Ross et. al.

__(1977) .

~

Landmarks which were marked on the subject prior to

e

e . . . s
measurement were acrcmiale, radiale, stylion, tibiale,

i ilio-spinale, mesdsternale and mid-humerus.

(

Do I _
. P72
Figures 2, 3 and 4 indicate basic terminology which is

used fhroughout the remainder of thisﬁsec{ion.nrfigﬁfeWZ. 7
indicates the planes and axes of the body when it is in the
ana¥omrical position, except that the forearms shculd be

supinated (palms facingq forward)., The planes indicatéd-are

in the mid-position.

An ANTERC-FCSTERIOR or SAGITTAL PLANE is any plane

~parallel tc the vertical plane through the long axis of the

body which divides it into righ@iandrlefgrhq}vesf The

58

sagittal plane labelled in the diagram which bisects the body

is specifically referred to as the MID-SAGITTAL PLAKE.
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Figure 2: Planes and Axes
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A FRONTAL OR CORONAL PLANE is any vertical plane at
right angles to a sagittal plane which divides the body into _

front and rear pcrticns. a

¥

A TRANSVERSE PLANE is any horizontal piane at right
angles to the other two planes which divides the body into

upper and lcower parts,

a LATERAL AXIS is ary line which is parallel to the

ground, passing from one lateral aspect to the other.

GITUDINAL AXIS is any line which is perpendicular

to the ground.

a SAGITTAL AXIS is any line which passes from the .
anterior to the posterior aspect, and is parallel to the Q(;\\\
ground.

K}

Figure 3, indicates the skeletal landmarks some of which
vere marked on the skin surface. Care was taken in the *
nafking, especially scvement of the unde:;ziggdskig,ggigg,m
;is—placed the acfual landmark. 3ou£ine1y, the landmark vas

palapated and marked without displacing the skin. The mark

was theﬁ rechecked. In the active measurement, often, the
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anthropometrist again identified the point. Thus, repeated 2 v
checking was encouraged to ensure that landmarks were - bl"

- § - !

identified accurately. -

, 'Figure 4; indicates thé tvo landmarks used in the
establishment of the the Frankfort plane. This was
especially important when measuring stature, sitting height,

head and neck girths.
EEIGHT

Instrument :The Stadiometer headpiece was mounted on a

calib%ﬁtﬁi\board. Subjects stood on a flat measuring
T surface formed by a properly levelled piece of laminated

"
wood which was included in the calibration. - : -

Definition of measurement : maximum height from the soles of
the feet tc the vertex when the head is in the Prankfort

plane.

Landmark : Vertex. The most superior point on theg skull, In

the mid-sagittal plane, when the head is held in the

Frankfort plane.
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Figue 3: LANDMARKS
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Figure 4: The Frankfort Plane

‘ORBITALE: Lower margin of eyg socket

TRAGION: Notch sbove tragus of ear or at upper margin
of zygomatic bone at that point

FRANKFORT PLANE: Orbitsle-tragion line horizontal

VERTEX: Highest point on skull when head is held in
Frankfort plane.
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Position : The subject stood erect, feet together, heels
against the measuring board, arms hung naturally to the

sides.

Technique : Durinq‘aax%mug vélunt;ty inspiration, light
upward traction Ha;qappliqd~to the mastoid processes in
order to achieve a maxixalAmeaéurement, and minimize
diurnal variaticn, some of which has been'recogniied as
beiﬁg due to compression of the intervertebral disés as
the day prcgresses. (Olivier, 1969). The horizontal
board of the stadiometer was brought down to sit very

firmly on the subject's vertex.
Accuracy : Measurement was to the nearest 0.1 centimeter.

SITTING HEIGHT:

a a

Instrument : Anthropcmeter on a base.

o

Definition of measurement : The maximal height of ;heQQertex

=

wvhile seated with the head in the Frankfort plape.

Landmark : Vertex.



Positiaq i The subject sat comfortably erect with the*hands

o

on the thighs and the knees at approximately 90 degrees, '
with the” feet on the floor. The sacral and thbracic(

spine rested against the anthropometer. The head wvas in

the Prankfcrt plane,

Technique : The subjects were instructed to 'sit tall® and

were manually assisted to do so. _They -were also.
cautioned'to felax'and nbt push off the floor or bench.
During minimal vBluptary inspiration,'slight upvard
traction was applied to the mastoid processes, while
maintaining the Frankfort plane. The horizontal ara of
the anthropometer Qas bfought down to sit firmly on the
subjects vertex, the neasureggg?farn being in the ' ;

mid-sagittal plane.

Accuracy : Measurement was to the nearest 0.1 centimeter,

Instrulent&: Bead balance. Platform scale.

- ¥EIGHT:

k-

[

Defipition of measurement : The body mass in kilograms in. .

minimal clothing.

a
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Position : The subject stood comfortably on the ﬁlatforl,
vith body weight distributed equally cn both feet,

facing away from the measuring bean.

Technigue : A spring ftalance scale was used to ascertain

approximateseigh;gfgﬁﬁre accurate weight was assessed— —

®

on the beas bala% . This was found convenient since i®

#inimized the need for adjustment of the beam balance,

X~

The subﬁect was instructed to stand still.

Accuracy : Measurement was to the nearest 0.1 kilogram.

SKINFOLDS | O O SO
General Descripticn : Urless otherwise indicated the

followiny conditions applied to all measurements of
skinfﬁf??‘df//l

s . $-
Instrument : Harpenden skinfold calipers.

®

Position : The subject assumed a comfortable, relaxed

position.



67

Tt PO ]

L;ndlark; 2 Tﬁe locaticn of points at which the skinfolds
were taken are illustrated in Pigure 5. 1In all
instances the fold was picked up AT the landmark
Technique : A fcld of skin plus underljingrfat was .
grasped between the thumb and three fingers; with the

back of the hand facing the measurer. Keeping the jaws

PR

of the calibef% at right angles to the bbdiWéﬁrfédé,cgﬁe
contact faces of the caliper were placed one centimeter

below the lowest finger, and at the depth of the

aid-finger tip. The trigggr of the ciliper ¥g g released
‘and while the pressure on the fingers was maintained the

measurement was taken. If the calipers began to slip o

off, as they sosetimes did with a very tight orﬁjeffu

large skinfold, the technigque wsas répeatgdq”jThe N

k3 ;
N -~

measurement was recorded in millimeters, two seconds
after the caliper jaws were applied., The aras of the

caliper were alwvays at righi angles to the skinfold.

Accuracy : Measurement was made to the nearest 0.1

aillimeter.
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Figure 5: SKINFOLDS
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SKINPOLD MEASUREMENTS:

1) TRICEPS:

Point of measurement : Thefdistance between the acrosmiale

and radiale was halved while t

he forearm was extended at

7

A

»

the elbow. This pcint was projected as a horizbntgl

line posteriorly. hiith a tape on the posterior aspect

-~ —of the upper-ars linking the acromiale and the point of —

the elbow, with the elbow slightly flexed.

A

vertical

line was drawn to intersect with the horizontal line.

This point, the triceps landmark, vas located prior to

seasuring, together with other,désignated landmarks.

across the landmark. The {ine

2) SOUBSCAPULAR:

of the fold

was

. rechniqne : The sklnfcld vas picked up with the fingers

vertical,

Poiat of ieasureyent : The inferior angle of the scapula.

e -

L}

bt 111 b e R 11 T on e bk

_ _-Technigue'-: The forefzgger was nlg dkgg4Lhg41andln:kgandgzhggg,gggggg%

v'thunh picked up the natnral fold such that the line of

the fold ran at approxilately 40 degrees to thi/,

horizontal.

1 + »

-

SN R
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3) SUPRA-ILIAC:

? )

¥ | .
Landmarks : ilic-spinale, and acromiale (See heights for

specifications)

Point of measurement : A line was imagihed'joining the

acromiale and iliospinale, the precise point was five to
' . “

seven certimeters superior to the~i1iospigale$ along the

~imagined line. : .

-

»

>

Technique : The line cf the fold sloped downuards'toua:d the
midline at an angiékpf approximately 45 degrees, - a

N

e 4) ABDOMINAL 7 e - S

-

Point of measurement : The para-umbilicus, ¢

Technigque : The skinfold was selected five to seven
centimeters to the left of, and level with, the

uBbilicus. The l1ine of the fold was vertical.



5) MID-THIGH:

Pcint of measurement : The midpoint of the thigh., This was
judged visually, as half the distance between the iliac
fold and the pétella wher the right foot uas-placed on a
box such that the knee was approximately at right
angles., The fold wvas selected at the midline of the

thigh. )

Téchnique : The line of the skinfold was parallel to the long
axis of the thigh. 1In scme subjects the front thigh
"skinfold was a little difficult té“@ras§ and the
procedure-vés sopetimes painful. If this was the case
"the subject supported the underside of the thigh with
the bands, When the weight of the underthigh was
particularly heavy (as found in some girls) it was
necessary for the arthropcmetrist to give further

support using a knee under the thigh.

6) BID-CALF:

Point of measurement : The leg was in the same pcsiticn as

for the previcus measurement. The measurement was taken

at that part of the calf on the most medial aspect where

the girth was seen to be saximal.



N

Technique : The line of the skinfold was vertical.

LENGTHS:

N -
Gehgral descripticn : Urless cthervise stated, the folloﬁlng
\kpnditions applied to these measureaents.

N

\\
N

- Instrument\i Anthropoereter on small base.

Position : The nggect stood erect, feet together, heaa and
eyes fixed, arms extended down the sides, fingers

extened Lut not ﬁeld along the thighs.

Technique : The anthrcpcne;e: base was stabilized on the
standing surface by the measurer, and was located in
front cf the right side of\the subject, The
anthropometer arm indicated tﬁe heiéht f:oi the floor.

of each desigpated landmark. \ ~

72

Accuracy : Measuresent was made to the nearest 05tV —

centimetar. - : S
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Figure 6 indicates the pcints from which all length

measurements were taken,
LENGTHS (HEIGHTS)
1) Acromiale (Figure & = ah}) . - - \\

Landmark : Acromiale or Acromial point. The point at the
superior and external becrder of the acromion process

when the subject stcocod-erect wi€§>relaxed arms. This
N
. *» L3
definition of the point at the superior and external

border is in acccrd with the 1912 Geneva Conveption and

A 5

is not identical with "the most lateral'" description by

Martin and Saller,i19§11,9;,?1&5@;;9:%§thrn§; border”

in Wefiner acd Lcurie' (1963), , . )

- . ~
x -

b

ES

Technique of locaﬁién H ,Tﬁis pcint could be more easily
b recognized‘by palpating along the length of the spine of
the scapula, If the larndaark was still difficult to
ideﬁtify, the subject bent laterally at the trunk thus

relaxing the deltoid, and simplifying the location.



2) RADIALE: (Figure 6 = rh)

.

Landmark : ‘Radiale. The point at the upper and lateral

border of the head c¢f the radius (or Capitulum radiusj).

NN S

Technidﬁéggf locationu; Ihiérééini was loé;;gd by palpatimé
downward in the lateral dimple at the 2lbow where the
rotating head of the radius could easily be felt under
the stationary condyle of the humerus, especially when

the subject slightly prcnated and supinated the forearm.

3) STYLION: (Figure 6 = sh)

Landmark : Stylion. (Fr. = Apophyse Styloide). Styloid

procass, The most distal point of the processus |

Styloideus radius.

Technique of location : This point was located in the
so-called "Anatomical snuff box", or that triangular
area foraed when tte thumb was extended laterally and

the area was defined by the raised tendons of muscles of

the abductor polijéus lcngus and exteirsor pollicus

brevis with the tensor pollicus longus. If thié

method was not satisfactory, the landmark was also

palpated during passive abduction and adduction of the

e e Ee e awe L el L
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hand at the wrist, The point was identified by approach

from the distal aspect of the wrist joint. _ B

4) DACTYLION: (Figure 6 = dh)

=
|

"+ Landmark : Dactylion. (Fr. = Extreamite inferieure du doigt

medius), Tip of the middle finger.

Technique of location : The point located at the most distal

point of the middle finger or digit when the arm and

N

fingers were extended. The cor§95ponding tips of the
" other fingers were designated as dactylion I, II, IV and

V. / ,
N :

5) ILIOSPINALE: (Figure 6 = sg)

- ) N

Landmark : Iliospin?lé. (fr. = Epine iiiaque
»antéré-sugerieure}. :hetanterior suégrior iliac spine.
The prqnounééd inferior tipAand not the noétlfrontallyp .
curved\siée of .the crgsta jliaca was the designated
landmark. - e - v |

s

.

Technigque of location : The anthropometrist palpated along

the crest ¢f the iliua anterioriy,following the curve

downward until ‘an obvious posteriorly directed curve was

detected., This was the pcint .which was being sought.
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6) TIBIALE: (Figure 6 = th)

Landlarksrﬁ Ti;iale Internum. (Fr. = ligne articulaire du:
genou) . /Suéerior extreaity of the tibia or the most
grokinal point of the margo glenoiddlis of the medial
border of the head cf the tibia. Tibiale externum (te).
This point corresponds to the titiale above, but was
located on the lateral border of the hegad of the tibia.
It is above the capitulua fibulare.\

Technique of location (Tibiale externum) : The

anthropometrist located the upper border of the tibia by

palpating the tendor of the quadricepsﬂyqf?}grat”}hg
éisfal end of the patella. This was fééilitated by
having the subject slightly flex the knee then palpating
at the frontal border of the ligamentua coliaterale
tibiale., An additicnal aid to identifying this point
¥as to locate the centre of the triad of the epicondylar

femur, epicondylar tibia, and head of the fibula. Both

, tibial landngrks are situated in practically the saae

transverse planes — - o
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7) GLUTEALE:- (Figure 6 = gh)

Landmark : Gluteale or mid-gluteal arch, The point at the

sacrococcygeal fusion at the mid-sagittal plane.

Technique of location : The thumb was placed atAthe'LQp of
the glugfal furrovw in the mid-sagittal rlane and
palpated in a downward direction until the
sacro-coccygeal fusion, or ridge of"the coccyx, Was
identified., The level of the fusion wvas the:designaﬁed
landmark which was felt in a region near the top of the

gluteal. furrow and not more than tuo'centinetq:st

‘inferiorly.

GIRTHS

=

General description: Unless otherwise stated the follwing

general conditicns applied to these measurements,

Instrument : Anthropometric linen tape.

w

Position. : The subject stood erect in a relaxed manner, aras

3

~loosely at the gides,



.19
Techniques : A crossed tape technique was used such that the
zero line of the tape was in line with the measuring
| :
aspect of the tape, Light pressure was applied to the

o N +
tape, sufficient to mairtain the position of the tape,

but insufficient to produce indentation of the skin.

. The tape vas always in the horizontallplane of the body part
being measured.

- o

Accuracy : Beasurement was -to the nearest 0.1 centimeter.

Figure 7, igdicates the points at which these measurements

were made and for which more specific directions follow.

GIRTHS:

1) BELAXED ARM (Upper aram circumference). A ' v

-

Point of measurement: mid-point distance between the

acromiale and radiale (see also triceps skinfolds for . .

identification of point of measurement).

\




re 7: GIRTHS
Figu

)
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2) FLEXED ARM GIETH

Definition cf measurement : The maximum girth of the flexed

i

-arm when measured at right angles to the loﬁg axis of

B ) . <€
the humerus. L ' .

i<}

-

position : The upper arm of the subject was horizontal, the
. N s B

forearm was supinated and fh&lyflexedat thevélboig

The subject was instructed to clench the fist and

-

contract the biceps as strongly as possible.

Techniquﬁ he igbject was asked to 'make a muScle! thereby -7

de%eloping oluntary ten§§qnwig ;helfu;lvflexed ﬁositioq
prior to the neasure;éht. This preliminar} flex;ng,éf}J

thebicepsheﬁ;;dvisualIyidentify'thgﬁlikeiybositi&n‘
o | for obtainingzliiigal girth. |

3) FOREARHN: : ' ) . ) a

S . Definition of measurement : Maximum forearm girth when

measured at right angles to the long axis of the radius

§ ——

--f~\5fh»_,__;,,yen the focrearn uas extended at the elbow gnd held in [

the anatomical position (i.e. open pala to the fremt).




s v
' 82 i
® . .
Technique : The tape was,pﬁsseﬁ agound the forearm one +o two :
centimeters distal to the elbow. It was then : ,

manipﬁlated to cbtain the maximpum girtu measuring at

riqht‘éngles to %he long axis of th= radius. ‘}1'

. ,4) WRIST:

_Definitior cf measurement : Minimal girth.of the wrist when

measured at right angies to the long.axis of the radius
at a poimv proximal to the styloid processes of the

radius and ulhna.

L >
T

~ .

:Techhique : The tape was passed around the wrist proximal to

the styleid processes of the radius and ulna and the.
tape was manipulated to obtain the minimal girfh when

th: tape was at right angles to the long axis of the

]

radius, /

{ | o

h

5) CHEST:

o~

Definition of measurement : Girth at the level of the feﬁ%th

costosternal articulation obtained when the subject wvas-

in the endfii&al phaée of expiration.

~
7 :




gLandnark : Hesdéiefﬁele; Point lccateé”ch the corpus eierni R

’,A

Location ot landmark : The anthroponetrlst\:albated.dovn the

- mid-level of the ﬁodrth articulation was palpated and

~ at the cntersect of the mld-saglttal plane and the

. horizontal plane at the mid- Level of the fourth

% costosternal articulatus (!950819f9313)

®

—

sternoccstai margin to-the fourth art

uqe,done recogrizing that the first articulation vas

ulations TPhis-— -

,«;///

w e
‘under the -clavicle and starting the count. at 'tqo'.//ff:

— t“

the mesosternale identified as that point on a

horizontal line_pn the corpus sterni at the,lid-sagittal

plane.

%

landmark. The subject was asked to raise the aras to

the horlzontal to help place the tape, then the arls

-

were lowered to hang freely at ‘the sides, making sure

ra

that the tape vas kept horizontal.

b

6) WAIST:

passing the tape arcund the chest at the level of the-'

\ Technique : The measurement was made fecing”thecsnhjegtgbiwg,WW,

A

o~

Definition of measuremerrt : Girth at the level of the

notlceable waist narrowing located approx;lately

half-uay betueen the costal border and the iliac crest.



7) THIGH:

“Definition of measuresent : One centimeter distal to the
horizontal gluteal fold at the lcwer border of the
gluteus saximus. N

Position : The subject stood erect, legs SIighély parted to

permit passage of tape, wvweight was distributed equally

on both feet." : ' - 7 '(\

7 -

8) Chpfg T A

Description of measurement : Maximum calf girth when measured

R
at right angles to the long axis of the tibia.,

Position : The subject stood with the feet about twenty

centimeters afpart distributing weight equally through

both lower limbs.

Technique : The tape vas passed around the leg near the top

. of the calf muscle and lowered and manipulated to obtain

~

axis of the tibia.

the greatest girth measuring at right angles to the long



9) ANKLE:

1

Definition of measurement : Minimal girth of the ankle

locaied proximally to the malleoli.

Teehﬁ{gue : Thertape was passed around ,the ankle proxllal to -
77;;e malle011 and manlpulated to obtain minimal girth at
’rlght angles to the long axis of the tlbla. It should
be noted that visual jﬁdgenént of "minimal girthﬁ was’
inaccurate wher viewed lateraly due to the elliptical

shape of the ankle. Manipulation of the tape for this

measurement was mandatory.

10) HEAD: Definition of measurement : The maximum girth of
the head, immediately éﬁﬁéfior to the éiéﬁéii&fipaidf;”
(brow ridges).

Position : The subject was seated, erect; the head was in'the

Frankfort plane.

Technique : the tape was pulled, tight to minimize the

contributicn of soft tissue and hai: to the true boney

Beasuremante N



11) NECK:

Definition of measurement : The circu;ferencé ofcthe neck

taken at a leved ispediately superior to°'the larynx.

__ {("Adams Apple") wWhile Tanner et al. ({969) hsed the
point inferibr to the larynx, the point of neésuremenp

‘ used‘hété was in'agreenéﬁt 3;th theﬁné;ngSIEEj*i*
suggested by Caffer (1975 b), in whichig;e superior

" point uas favored tecause in the wrestlers and the more
nesonorphic athletes, the inferior pbint was
particularly difficult to identify.

Position : The subject was seated,Aerect; the head was in the

Frankfort plane.

Technique : The tape was kept horizontal to the longitudinal

axis of’the neck with little tension-applied to the -

tape.

BREADTH (widths) !

General desétibiiohmzruhless othervise stated the following

general conditions were applied to these measurements.

-

L

I3
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Instruments : A broad tlade caliper was used for the
measurement of’ large breadths and foot length. Vernier
calipers were used for the assessment of epicondylar

breadtbs.

-

Position : Except where indicated the subject sat erect, aras

hanging loosq}j to the sides.

Techniquéﬁz With the exception of the foot length
measurement, the instrument wés kept>quite firm against
the subject, sinée the aim was to measure skeletal
breadth. In the case of obeseﬁsubjects it was neceésary
to applx ver strong pressure to ensure cénplete
accuracy and‘validity. fhe arms of;the spreading
caliper were appliéd a€ia§potximately half way along

their lenght - not at the poiﬁis.

Accuracy : Measurement using the broad blade calipers wvas to
the nearest 0.01 centimeter., Measurement using the

vernier calipers was to the nearest 0.01 centimeter.

Figure 8 illustrates the points at which breadths were

measured.
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BREADTHS

1) BIACROMIAL BREADTH
Definition of measﬁremgnt : The maximal distanqe between the

most lateral aspect of the acromion processes.,

Landmarks : The most lateral aspects of the right and left
acromion processes which were slightly inferior to the

most superior lateral margin defined as the acromiale.

Position : The subject stood comfortably‘erect, arms hanging

loosely.td the sides. i

Technique : The caliper cross bar was kept horizontal. The.
arms of the caliper were directed upwards as the cross
7 bar vas supported on the measurer's forearms. S

Measurement was taken from the rear.

2) BI-ILIOCRISTAL BREADTH

Definition : The maximal distance between the two iliac

‘crests or, the iliocristal diameter.
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Position : The subject stobd'complétély erect, a:ps"hanging .

to the sides, weight equally distributed cn both’ feet.

-

Technigue : By bilateral palpation, the two iliac crests

(Lateral aSpects)'vere jdentified., The calipers were
piaéed so that the arms poihted upward toward the
posterior at an acgle of approximately 30 degrees. -
Heésurénants were taken from the front.

~

3)_?RANSVERS£ CHEST

Definition of measurement : The transverse distance from the

most lateral points of the chast at the level of tha

fourth rib. o

Technique : It was important to locate the rib and ensure
that the caliper arms did not slip inte an intercostal
sp&ce. Care was taken not to applyfpressure vhich could
df\tort the rib cage -which was more iikqu in young
children. | ”

4) FOOT-LENGTH - -

Definition of measurement : The distance from the pternion to

the akropodion.



Landmarks : Pternion. The mest poSterio; point on the heel
of the foot wher the subject was seated. AKROPODION.

The most anterior point on the toe of the foot when,thé"\

subject was seated. This was either the I or-dI
phalange, whichever was the longer,

. T e o
Technique : The caliper was fixed at the pternion and
, . - )
adjusted tc the akrcpodion.

B

5) -BI-EPICO N‘D YLAR HUMERUS WIDTH

' <

Definition of measurement : Bi-~epicondylar diameter of the
‘hﬁmetus; - o -

5

Position : the ‘arm was raised forward to approximately the
level of the shoulder and the forearm flexed at the-

elbo¥ to form a 90 degree angle with the upper arm.

Technique : the epicondyles were palpated, starting several

‘centimeters proximal to the elbow joint. This

. measurement was often made oblique since the inner .

condyle of the humerus was lower than the outer one. -
The arms of the caliper pointed upward at ‘an angle of
approximately 45 degrees, as indicated in Figure 8. .

=
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6) Bi~epicondylar femur width:
Definition of measurement : Bi-efpicondylar diameter of the

femur.

- v . . . . 7 N

E

@

~Position : In the seated position'the tibia was vertical to - *f%Ff*

2

the floor and at right angles'to,the famur,
Technique : The most lateralrpoihtS"on the condyle were
”palpated, starting sevetgl centimeters proximal to the
knee joint. The arms of the caliper pointed downwdrd at
an anéle of approximately 45 degrees. as seen in Pigure -

8.,

DEPTH

=2

ANTERIOR - POSTERIOR CHEST

Instrumsent : Spreading arm calipers

Definition of measurement : The depth of the chast at the
level of the fourth intercostal articulationm at

- end-tidal expiraticn.

B



S

>

. {
Landmark : Mesosternale ¥

Technique : One cf the arms of the caliper was placed on thé B

*
landmark, the other on a spinous process which was.

» judged to Le at the same level as the ldndnark.' Only

7

1ight.P£essureAhas applied as the force generated.in -

]

this caliper is magnified.

Accuracy : Measurepent was to the nearest 0.1 centimeter.

N T ' ’ N / 2 &
ERRCRS CF MEASUREMENT
‘ T e

By failing to a;ply rigidly controlledkmethddology to

the measurements of subjects, error can be introduced which ... .- .

T

makes any results or conclusions invalid.

»
»~

Possible measurement errors which were recognized either

prior .to or during the data collection and which were

impediately attended to were as follows:

height : In applying upward pressure to the mastoid
frocesses, it was very €asy for the adult to1ift the child's

" heels off_fhe floor. Aih;h a maximal stretch of more than

about a centimeter was encountered, suspicion was that the

F
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subject raised his heels and're-neasuréiéhiriigfnade,ensuring

that ‘this was ﬂot-the{cace. Halntalnlng the head in the

- Frankfort plane vas mandatory for accuracy of this e .

measurement, This was achieved by having the neasure:

ES

concentrate on positioning and manipulation of the

stadiometer, Reading was dome after the head piece'ﬁés fixed
- .

in position of height Lty means of the thumbscrew..

-lengths : Much of the error of this measurement was seen
. ) : S

to occur because cf movement of the\subject, especially
laterally thus elevaging one shoulder. This was covercome by
the assistant at this station making sure that the shoulders

-

were square and the subject maintained his position for all

length measurements. The anthropometrist, beihg Skilled, vas

able to make the measurements guickly, thus accommodating the — m{'

motionless subject.
\,/'/‘

Weight distributed equally on both feet with the feet

together prevented errors in leg 1ength.>ﬂbaeyer there wvere a
nuaber of subjectS'uhb appeared to exhibit a marked'degree of

genu valgun (knock-knees). Hhen this was obv1oqs to the

.Y
,\zw

extent that the uelght had to be carrled noré‘oh one leg than

the other, the ‘subject was lnstructed to place the knees

together rather than the feet.
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- "' parameters.

An errcr of parallax was also anticipatead if the

b

anthroposetrist failed to keep the eyes lével with the

 indicator wher reading cff measureménts. - ’ -

¥

s —skinfolds': The accuracy of sklnfold leasurenents, as

vell as the¢r valldl*y bhas often been guestloned egpec1allzﬁ

by uorkers in the area cf body conposxtlon (316an 1967).
Doubxs as to the-accuracy of these measures has~been due. to
soft tissue being sensitive to the conpréésion of the jaws of

the. calipeér as vwell as difficulty invblved in the ptééiSe “
- ; ’ N

identification of the point at uhich‘theaaeaéurenent,uas : ‘\
made, ' . K

It vas appropriaférto assume that, since the one

e B o e e

instrument was used by the one anthropometrist,
inter-mecasurer variability and equipment variability were

¢ . ' . ’
eliminated, and that cospressicn would be tane same for all

individuals and for all sites Howe ver skinfolds have been

;«w

F
2%

reported as beikg conpressxble up to SOS or nore'by Garn and
Goraman (1956). This variability has produced an
underestimation cf skinfcld measurements, and it is 7 ,
rfeasoﬂable to assume that aii~feporteﬂ~vaina5**1nc1nﬂing~4f”~~mf—:>4*
—those of this study, are imprecise.  However until an —— = —

accgptable‘alteﬁnative is pfoposed, Hétpenden calipers will

no doubt continﬁe tc be iidely used for assessment of these

o
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It was reported by Tannér aﬂd Whitehouse (1962) that
with a reading gteater than 20 lllllnetars, there is a
coapression factor which was seen as the indicator needle
continued falling. While they reccmmended a repetition of the
measurement énd an immediate record after the application of
the spring préssure, this was considered to overéstimate The -
measurement, The measurement in theée.cases was recorded at
the point of marked slowing of the needl2 at which point it

vas considered that ccmpression was nearly maximal.

Buiz et al.(1971) reported that the site of application
of calipers was é source of variation, the measurements being
over-estimated the more rroximai the foid, {nd underestimated
the more distal the fold. More specific directicns as to the - -
point of measurement were laid down for these assessments in
an attemps to minimize this source of error.

\

br%adths : Most error was anticipated in failure to
apply sufficient pressure to minimize the agount of soft
tissue which interfered with these measurements. The

anthropometrist was aware of this problem and emnsured that

-for the bl-lllocrlstal and b1~acrbnlal breadths very flrl

pressure vas applied. A similar procedure was not followed

for the transverse chest because of the elasticity‘of the
-
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+

-

0

a
p24

ribs which could lead tc an underestimation of. this
measurement. However care was taken to avoid the chest

muscles by directing the pointers of the caiipers downwards.

o
T -

: - A .
Similarly the pointers wvere directed upwards in assessing the

bi-iliocristal breadth to prevent thea sliding off the iliac

crest, and under-estimating the true measurement., -

girths : Excessive tension on the taée, failure to keep
theftape horiibhta} to the axis of the part being measured,
and failure-tc saripulate the tape where required, wvere

recognized as the possible sources of error. Continual

attention vas given to these details.
METHODS OF ANALYSIS
DATA ACCURACY

After the subjec&;ﬁﬁere measured, their data sheets were

ety

collected by the narsha;i, an experienced kinanthropometrist,
TR _

who checked to see that all data vwas filled in, and quickly

scanned the recorded values of the measureaments in an effort

to detect any gross errcrs., However this could not be relied

upon as the only assessment of accuracy.

-
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The data was cleaned and processed as follows:

a) each subject was allocated a unique identity number
vhich was recorded on the data sheet.

b) the idenptity rnusber incorporated a code to indicate.
the school and the class ¥n vhich the subject was located.
This facilitated the location of any one data sheet, if and

¢

vhen required.

'c) ali data were transferied to computer card inages.
Since this transfer uaé done by trained kinanthroponetrisfs,
there was another oppottpnity'at this poin; for furthe:rgross
€rrors or oniésiohs tc te 5bserved énd imgediately.correcteda
Due to time constfaints, this data was not 'verified' (i.e.
double key punched) tc check for keypunch errcrs.

Verification was performed later with a visual check

comparing the data sheets with the computer record.
d) all data to this point were stored in class groups.

e) the data were then processed using the sPSs -

(statistics Package for the Social Sciences) frequency and

statistics programs (Nie et al. 1975) .



f) trained and experienced kinanthropometrists reviewed
the frequency data>and applied a subjective evaluation on
those subjects outside the gemnerally observed range. These
were generally those sukjects in ﬁhe 1st and 100th .
percentiles. Because of the structure_and organization in
Cagadian schools, there was very little agé variation within
anylone class, and hence it was relatively easy to estimate B
u%xﬁin vhat range, values of each variable lay. In coamposite

classes e.g., Grade 1 plus Grade 2, it was necessary to extend

the range to account for age differences.

§) all guestionable values as determinad above for every
measurement were examined. The computer listed all subjects
in the one class, and the values of any one selected

variable,  In this way it was possible to isolate the

subject(s) with the suspected aberrant valuss.

h) doubtful values were then compared with the original
data sheet, and where correcfiohs were made, this fact was
noted on the data_sheet as vwell as in the computer data set.
It is well estatlished that there are several sources of
error which may occur in both the recording and the transfer
of written 1g§ornéticnginto a dataﬁbénk, (buquet et al. -
1977) . Obvious errors which vere experienced in this study

wvere;
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Phonetic error: an anterior-posterior chest ‘depth was

recorded as 80 and this was corrected to 18.

Transposition error: iliospinale height was recored as
36.4 this was changed tc 63.4, especially in,&cons,id,era,,til,on_‘oj
the difference between standing height and sittiﬂg height
which gave a measure of the leqg length, and therefore an

approximation of iliospinale height..

Essentially this procedure identified all measurements
vhere the first figure of the recorded value was

inappropriate. Where the error could not be resolved the

d?tlue was set tc zero and treated as missing data in further

omputer analysis.

£s

Of all the récorded measurements, obvious errors wers
detected and adjusted, this represented 0.14 percent of the

approximate 31,000 measureaents.

i) all class data was merged and separated 'rntd' ’SEI”"" -

groups,
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j) each age cohort for each sex was then 1dent1f1ed
Hlth each age being rounded off to 1uc1ude those subjects 0,5

years .cn either side of the ‘rounded year'. Thus the six

year grokb included those between 5.50 years and 6.49 years.

k) considering the whole grcup of 923 subjects, the SPSS
statistics package was used to calculate the gross range

(raxima and minima) and gross mean for each variable,

1) the statistics program of Clauser (1972), requiring a
user defined maximum, minimum and neawﬁ(determinédifroi the ~
previous procedure);vas then appled to each age cohort for
each variabie. Raw and smoothed percentiles were calculated

routinely, together with the mean, standard dev1at10n,

standard error of the nean; standard error of the standard
deviation, kurtosis, skewness and the coefficient of varation

for each variable withim each age cohort for each sex.

®) percengiié graphs were computer generated for height
and weight, A smoothing technique was applied to the raw
percentiles., A fifth degree polynomial was used for this
manoeuver in preference to the splining method which is used
when the investigator assumes that thé Cn:vés,ane parallel.
This assumption was believed to be inapp:opriate and by
observation, this was justified since the curves are not

-

consistently parallel.
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curves were?generateﬁ fer the 3rd, 10th,,25fh; 50£h,
75th, 90th and 97th peréentilés, uh{ch is ih accordance with

the generél methcds of pre;entation of results eﬁplofed by

»

b -

European authors. o
: - /_{{, -

PROPCRTIONAL ASSESSHENT

It has been traditicnal for anthropometric indices té
estinaie;bcdy proportiops. An index is the fatiO'of one
neasuremegﬁ;to anbther €expressed as a percentage of the
larger oﬁe. e.g. the cephalic index is the ratio of head

breadth expressed as a percentage of head length.

Davenport {1929) indicafedrfhe uses of "ﬁeléiiQeﬁ.
iﬁdiCes which could be used for inter-individual cComparisons.
This he obtained by dividiﬁg any absolute dimension, by
stature, Thus relative arm length‘is ara iength divided by
statufe. ‘aontagu (1960) 1isted'10'anthropometric indi;es
most commonly used, but it is obvious that the number of
those indices is;liuited only by the nunbers of measurements
vhich are available, Malina and Rarick (1973) indicated that
indices have limitations and that "used alone, they are not

completely adequate and accurate indications of body'forn",

while Tanner (1951) indicated conceptual and statistical
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problers associated with indices since "the function of the
tvo dimensions involved is independent of the scale of ':a

measurement of either dimension.”

In 1974, Ross and Wilson developed a PHANTOM stratagenm
for proportional growth assessment, Essentially derived from
large samples of male and female data, an arbitrary unisex

model was develcped and over one hundred anthropometric

‘values were expressed as means and standard deviations

' againstruhich any measured variable could be compared by

z-score anhalysis according to the formula in Fig. 9.



W

Figure'9:Formula for the calculation of

‘proportionality z-values. ’
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PHANTOM Z — VALUES

" WHERE: _
Z 1S APROPORTIONALITY VALUE OR Z~VALUES

ISANY VARIABLE

<

S ISTHE PHANTOM STANDARD DEVIATION FOR
THE GIVEN VARIABLE

T

IS THE SUBJECT'S HEIGHT
170.18 IS THE PHANTOM HEIGHT CONSTANT -

d= IS A DIMENSIONAL EXPONENT BASED ON i
GEOMETRICAL CONSIDERATIONS:

d=1FOR ALL HEIGHTS, LENGTHS, BREADTHS,
GIRTHS, AND SKINFOLD THICKNESSES
d=2 FOR ALL AREAS AND STATIC STRENGTH MEASURES

d=3 FOR ALL WEIGHTS AND VOLUMES OF TOTAL BODY
OR ANY BODY PART

P ISTHE PHANTOM VALUE FOR THE VARIABLE .

ROSS & WI LSON, 1974



~ F¥ RESULTS

The COGRC data were derived from anthropometrical
measures from 923 children froa th:ee schools in the
Coquijtlam area of British Columbia, Canada. The sample

included ages 6 to 18 fcr each sex.

<

S

“7“% 211 the data collected froam thié study are ava}laﬁle for

- —~ subsequent analysis and thus one of the purpbses of ihis |
Stu@y has been achieved, namely the collectionvdf a sizeable
tank 6f cross’seétional,anthroponetriq iﬁformation of West |

Coast Canadian children.

A compmon problen igriié;pfesentatfbn of sqch a studj
involving 923 subjecté and 34 vari;bles is in the'voluninous
nature of the results, All data, both original score Shéeté :
and computed results aré available on applicatién from the
Department of Kinesiqlogy, Simon Fraser University. A sample

of the score sheet is tc be found in Appéndix B.

W, -

A sample of the computer print out is presented-in——
Appendix C, The results considered here are confined to the

presentation of statistics and percentile curves.

- . . B *
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- PROTOTYPICAL DATA L e
A S - -

Tables 2 - 27 present basic statistical data for I

measured variables for 923 girls and boys age 6 to 18, Data

includes;gumber cf subjects , mean, standard deviation, _"
range, skewress and kurtesis. . o
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) Table 2 6Girls : Aged 6 s T
N Number - Mean S5.D. - Range .~ Skew., Kurt.
- veight = - -7 18 21.38  3.69 27.7-14.5 0.00 1.98
> height | © 18 T 116.66 5.68  128.0-107.7 0.18 1.92
triceps sf. 16 11.51  3.24 18.7-7.20 0.63  2.34 =
subscap sf 16 7.14 2,85 15.6~-4.60 1.53 §.{%2~ e €
suprail sf 16 5.23 2.25 12.8-2.70. 2,22 B ¥t o
abdom .sf - 16 . 7.46 2,63  13.6-4.00 . 0.62 . 2.6 o
. .. fr thigh sf 16 17.87 7.30 °°32.8-9.60 0.92 284k ’
med calf sf 16  10.23  3.41 17.9-5.20 0.48  2.48 .
acrom ht © 18 . 90.64 4.85 100.8-82.90 0.31 = 2,04
radial ht 18 - 69.51  4.24 78.8-63.10 0.25 ° 2.20
stylion ht 18. 53332  3.40 61.5-48.60 0.57 2.71
dacty ht 18 ° 40,05 - 2.79 46.3-36,30 0.33 2.28
tibial ht 18 - 28,78  2.17  33.6-26%00  0.54 "-2,32
spinale ht 18 _ 60.84 3.76 68.3-55.40 0.49. . 2.15
glut ht © 18 59.74 4.05 67.9-53.20« 0,48 2,35 - -
- arm g (rel) 14 -18.41 -1.95 22.0-15.80 0.09 1.56. =~ <~ -
o " arm g (flex) 14 19.31 1.9 22.5-16.80 _ 0.03  1.42 -
foreara g 14 17.84 1,47 20.4-15.40 0.07 1.64
vrist g 14 12.57 0.94 14,2-11.20 .-0.08  1.64.
chest g 14 58.92 3.76 - 65.2-51.80 -0.02 2.11
waist g 14 '54.77 4.11 61.5-46.20 -0.21 2.20 o
~ thigh g 14 35.64 * 3.67  40.8-31,00 0.8 1,23
-calf g 13 24.28  2.01 27.2-21.70 0.17 1,10
ankle g 14 16.71  1.33 18.5-14.70  =-0.12  1.47
biacr br 18 26,96  1.42 27.2-22.30  0.06 1.82
biilio br 18 18.47 1.23 - 21.2-16.30 0.27 2.53
trans chest 18 17.27  1.04-. 19.0-15.20 -0.04 2.01
. foot len 18 17.56 .1.08  19.5-16.00 0.08 1.8
biep hum wd 18 4,94 0.40 ~5.89-4.34 0.38 2.59
biép fenm wd 18 7.13 O.46  8.00-6.33 - 0.22 2.14
sitt ht B Y 64,99 3.19 70.8-59.60 0.25 2.00 "~
a-p chest 17 12.87 1.24 15.0-10.20 -0.2% 2,23
head g - 17 5t.11  1.66 54,5-48.00. 0.17  2.49 .
neck g 17 25.66 1.64 = 28.3-22.50 0.02 2.04
S 3

~



veight
height
triceps sf.
subscap 'sf
suprail sf
abdom sf

fr thigh sf
med calf sf
acroa bt
radial ht
stylion ht
dacty ht
tibial ht
spinale ht
glut ht

arm g (rel)

arm g (flex)

forearm g
wrist g
chest. g
waist g
thigh g
calf g |
ankle g
biacr br -
biilio br
trans chest
‘foot Ten -
biep - hum wd
- biep fem wd
'sitt bt

a~-p chest
head g

neck g

e

Numkber

17
17
10
10
10

10

10
10
15
15
15
15
- 15

15
15
7
7
6
6
6
6
6
6
6
16
16
16
16
16
16
15
15
15

" Table 3

Boys
'Mean S.D.
21.75 2.98
117.04  6.30
9,54 2,01
6.02 3,22
4,76 . 3.54
. 6419 5.58
12.88 4,81
8,29 1.97
90.86 5.78
'70.19 4. 61
. 53.84 3.62
‘40,29 2.64
29.20 1.88
61.36 4,48
60.47 1
18.26 gfﬁs
19.19 2.66
17.97 1.41
12.62 0.79 -
58,90 5.50
55.63 4.96
34,32 5,24
24,03 1.79 -
16.30 - 1.36
25.59 .1.37
" 18.68  0.88
- 18.10 0.89
17.63 1. 20
5.10 0.51
7.47  0.44
65.18  3.00
13.47 0.7a
~ 51.80 0.93
'~ 26.83

1.31/7

s Aged 6

Range
29.1-18.30

132.0-107.70

13.8-6.90
14.8-3.90
14.7-2.90
22.0‘3.5@
24.6-7.10
12.9-6.00

.101,0-81.20

78.5-62.90
60.3-49.30
45.,4-36.30
32.5-26.70
69.9-54.40
68.2-54.50
23.6-16.20
24.9-17.20
20.8-17.10

13.6-11.70
69.8-55.20

64.9-50.30
43.8-28.30

27.4-22.30

18.1-14.
28,1-24,10

20.4-17.50

19.8~-16.80
20.3-15.30
6.16-4,.35
8.28-6.77

70.1-60.00

15.2-12.40
53.3-50.7¢

U29.5.25.20

T2J26 T T

-/
Skew, Kurt.,
1.06 2.97
0.54 2.73
0.70 2.48
1.94 5.59
2.17 6.24

2423 6.44
" 1.20 -3.80
1.05 3.28
0.28 2.10
0.24 1.99
0.38 1.76
0.36 1.87
0.79. 2.11
0.40 1.94
0.54 1.98
1.27 3.12
1.30  3.13
1.26 2.76
-0.12 1.05
1.19 2.63
0.86 2.26
0.71 2.09
091
-0.13 1.20
0.67 1.84
0.597 2.12
0.54 ., 2,05
-0.08 - 3.13
0.60 .2.28
0.33 1.83
-0.27 1.82
. 0.47 271
0.57 1.62
-0.92 2.68
\



weight
height
triceps sf.
suprail sf
fr thigh sf
med calf sf
acrom ht
radial ht
stylion ht
dacty ht
tibial*ht
spinale ht
glut ht

ara g (rel)

ara g (flex)

foreara g
wrist g
chest g
waist g -
calf g
ankle g
biacr br
biilio br

‘ trans chest
foot len
biep hum wd
biep fen wd
sitt ht
a-p chgst

. head g
neck g

Number

25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25

T 25 ¢

25
25
25
25
25

25 -

Table 4 Girls-:

Mean
23.52
122.36
11.70
7.41
6.28
8.39

16.88

" 9.44
95,20

- 73.40

56.55
43.09
31.08
64.98
63.56

18.96

19.97
18.08
12.84
60.86
S4.05
38.22

16.88
26.13
19.58
18.36
18.“1

4.98
7.38
66 .83
12.93
51.16
26.06

S.D.
3’0 ga
5.25
4,37
3.89
3.18
5.19

6.34 .

Aged 7

Range
30.1-18.40
134.2-113.10
25.5-6.90
16. 8—“.00
13.3~3.20
20.,7-3.80
3202"79.00

3%1§“1i%24.9_“.70

4.63
3.81
2,88
2.60
1.43
3.55
4,32
~2.22
2.31
1. 39
1.24
4,00
4,87
3.99
1.98
1. 21
1.68
2. 50
2.28
1. 00
0+ 30
0. 38
2. 33
0.88
1.77
1.33

103.6-86.60
79.7-66.70
61.5-50.60
47.8~38.00
34.8-28.60
7“. 1-57.50
72.7-56.10
24,4-16.40

e 25.3-17.20

20.9-16.20
16.4-11.30
69.5-52.20
)8.0"“7.30
45.0-32.80

- 28, 2-24.9 0

19.3—11'.90
29.1-22.40
28.5-17.00
2893-16020
20.3-16.10
5.62~4,29

8.00-6.60

72.3-63.00
1“. 7"'11. 10
53.1-44.40
28.7-2“.20

- T
A

Skev,

0023
0,21
1.41
1.31
0.90 .
1.20
0.74
1.33
-0.07
-0.07
-0.19
-0.19
0.40
0.38
20.04
0.82
0.73
0.30
1.00
-0.07
0.75
0.25

- 0et3---

0.06
-0.23
2.11

- 3.21

~-0.50
~0.11
-0.30
0.45
0.41
-2.13
0.40

110

Kur{i

1.56
2.59
4,69
3,20
2.23
3.17
2.44
5.52
2.13
1.83
2.09
2.15
3.01
3.21
2.01
2.64
2.54
1.70
3.49
2.48
3.34
1.66

1,50

1.81
2,24
7.54
14,55
2.75
2.72
2.28
2.30
2.66
8.67
1.99




weight
height
triceps sf.
subscap sf
suprail sf
abkdom sf

fr thigh sf
med calf sf
acrom ht
radial ht
stylion ht
dacty ht
tibial ht
spinale ht
glut ht

arm g {rel)

ara g (flex)

forearm g
wrist g
chest g
waist g
thigh g
calf g
ankle g
biacr br
biilio br
trans chest
foot len
biep hum wd
biep fem wd
sitt ht

a-p chest
head g

neck g

Nuaber

22
22
22
22
22
22
2¢
22
22
22
22
22
22
22
22
22
22
22
22
22
22
- 22
22
22
22
22
22
22
22
22
22
22
22
22

Table 5 Boys :

Mean
23.92
122.80
10.39
6.28
4,93
7.20
15.22
9.43
96.18
74.15
56.86
42.82
30.96
64.96
63.78
18.94
20.16

18.77

12.97
61.40
55.46
36.45

25.15 °

17.08
26.65
19.56
18.52
18.57

5.24

7.70
67.48
13.54
52.45
27.16

S.D.
2.85
5.07
2.18
1.58
1.56
2.50
4.66
2.77
4.63
4.06
3.37
3.00
1.59
3. 44

3.65

1. 14
1. 23
0.91
0.78
2.89
2.66
2.51
1.63

1.01.

1.19
1.95
1.04
1. 26
0.26
0.39
2.71
O. 93
1.76
1. 34

Aged 17

Range
29.9-19.40

131.3-113.70

15.5-7.00
11,.1-4,50
9.7-2.80
12,9-3.50
29.9-10.10
15.8-5760

103.1-88.70

80.5-67.20
62.8-50.90
48,.,2-37.00
34.2-28.50
71.5-59.60
70.2-57.10
22,0-17.190
23.3-17.80
20.5-17.00
14.4-11.80
67.0-57.10
61.2-50.30
41.4-32.20
28.6-21,60
19.4-15.60
29.3-25.20
27.3-17.80
20.4-17.00
21.3-16.30
5.75-4.84

8.50-7.24

72.1-61.60
15.9-12.30
56.0-49.00
29.6-25.10

Skew,
0.44
0.10
0.48
1.35
1.26
0.90
1.24
0.59
'Oo11

=0.19

-0038
-0.30
0.24
0.327
-0.14
0.77
0.33
0.26
0.31
“0.33
0.30
0.58
0.27
0.68
0.60
2.79
0.11
0.25
0.34
0.56
-0.20
0.76
0.07
0.20

1#}

Kurt.
2.30
1.95
2.52
3.68
4.64

2499 7

4.90
2.48
1.86
1.90
1.95

- 2.17

2,02
2.13
2422
3.33
3.35
2.23
1.90
1.85
2.71

2.31 .

3.03
2.74
2.00
11.47
1.72
2.22
1.89
2.07
2.22
2.92
2.25
1.78



weight
height
triceps sf.
subscap sf
suprail sf
abdom sf

fr thigh sf

med calf sf »

acrom ht
radial ht
stylion ht
dacty ht
tibial ht
spinale ht
glut ht

ars g {rel)
arma g
forearm g
wrist g
chest g
waist g
thigh g
caif g
ankle g
biacr br
biilio br
trans chest
foot len
biep hua wd
biep fea wd
sitt ht

a=p chest
head g

neck g

{(flex)

Number

15
15
15
15

15

15
15
15
15
15
15
15
15
14

15

15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15

Tabie 6

Nean
25.12
126.71

11.22

5.86
5.51
6.45
15.97
9.21
99.58
76.67
59.21
44.96
32.95
68.59
67.94
19.00
19.98
18.46
12.68
62.47
54,26
37.28
25.32
16.96
27.63
19.76
18.50
19.19
5.09
7.44
68.35
13.44
51.61
26.49

Girls

S.D.
3.81
4.99
2.68

1.37

1.71
2.01
6.48
3.89
“032
3.26
2.62
2,17
1.56
3.17
3.17
1.72
1.43
1. 15
0.77
3.88
2.78
4.45
1.75
1. 20
1.77
1.49
1.13
1. 36
0.30

O.42

3.09
1.00
1.17
1. 06

.
R

s Aged 8

Range
.33.9-19,.00

134,.5-115.60

15.6-6.60
8.0-4.40
9.1-3.20
10.0-4.50
35.2-7.50 .
18.6-4.80
106.8-91.30
81.7-69.80
64-,4-53.30
48.6-40.30
35.8-29.90
74.8-62.20
74.4-61.30
22.3-16.20
22.6-18.30
20.8-16.60
13.7-11.40
71.1-56.40
60.4-50.30
46.5-28.70
29.1-22.80
-18.9-14.30
31.7-24.80
22.3-17.540
21.2-17.10
22.5-17.20
5.7-4.69
8.12-6.68
72.5-62. 30
15.1-11.30
53 .6-'“9.“0
28.5-24.50

Skew,

0.57
-0.66
-0.1“

0.38

0.60

0.51

1.39

0,91
90527
-0.38
-0.28
'0.21
°0.“3
-0.24

0.45

0.58

0.00

0.02

0.58

0O.41

0.44

0.47
-0.40

0.24

0.07

0.85

0.62
"0.10
-0.23
-0.66
-0.33
-0.27

0.08

2.94
- 2.25

112

Kurt.
2.85
2.63

1.83

1.34
2.09
1.52
5.59
2,90
2.11
2,22
3.02
2.43
2.50
2.63
2.83
2.04
1.88
1.73
1.44
2.56
2.52

2.45
2.8“
1.62
2.87
3.09
1.27

C1.97

2.43
2.35
2.12
2.21



weight

' beight
triceps sf.*
subscap sf
suprail sf
abdom st

fr thigh st

aed calf sf

acroa ht
radial ht
stylion ht
dacty ht
titial bt
spinale ht
glut ht
ara g (rel)
arm g (flex)
forears g
wrist g
chest g
waist g
thigh g
calf g

le g
biacr br
biilio br
trans chest
foot len
biep hum wd
biep fem wd
sitt ht
a-p chest
head g
neck g

Number

22
22
2

2

2
- g

22

22
- 22

22
22
22
22
22
22
22
22
22
22
22
22
22
22
23
22
22

22

22
22
22
22
22
22
22

Table 7

Mean
27.50
129.64
10.43
- 6,94
6.32
T+81
15,25
9,11
102. 49
78.87
60.43
45,99
33.27
69.43
68 .80
19.78
20.96
19.55
13.37
64,06
58. 20
38.37
26,32
17.76
-28. 17
20.54
19.25

19.56

5.50
8.05
69.99
14.06
'53.03
28.24

Boys

S.D.
4,53
6.01
3.43
4.36
5. 29
5.70
7.88
3.88

-5.57

4.48
3.95
3,55
1590
n. 05
4,04
2.22
2.09
1.41
0.96
4.20
3.95

379

1. 90
1.15
1. 29
1.93
1. 50
1.12
0.34
0.37
2.92
1.01
1. 18
1.74

: Aged 8

Range .
36.3-21.50

1“0;2’118.90

19.4-6.00
18.4-3.90
22.8-2,80
24,2-3.40
37.4-6.90
21.8=-5.40

112.4-92.20

89,0-72.20
68,7-54,50
52.8-40.30
37.1-30.70
77.4-62.10
77.1-61.90
24,5-17.20
.25.1-180“0
22.5-17050
15.2-11.90
73.6-55.80
67.8-52.70
46.6-34.,00
29.8-23.40
19.5-15.40
29.7-25.00
27.0-18020
21.2-17.30
22.6-17.60
6.11-4,.94
8.79-7.32
75.8-65.30
‘5.7‘11.5
55.0-51.00
32.4-24.80

Skew.
0.63.
0D.06

0.81

1.72
2,07
1.56
1.34
1.65
0.06
0.30
0.16
0.31
0.52
-0.09
0.20

0692
T 0.72

0.79
0.36
0.35
1.01

- 0.86

0.36
-0.15
-1.01
- 1.59
-0028

. 0.51

-0.01
0.06
0.19

-0.46

-0028
0.51

13

Kurt.
2.27
2.14
2.88
“053

6.28

4.35
3.93
5.68
2.07
2.29
2.02
1.79
2.14
2.25
2.15

2.49

2.18
2.47
2.00

. 2.93

3.41

2.45 -

2.00
2.04
2.97
6.19
1.86
3.48
1.90
2.46
2.81
1.80
2.83



. Number

weight
height
triceps sf.
subscap sf
suprail sf
abdom sf -

fr thigh sf

aed calf sf
acroa ht
radial ht
stylion ht
dacty ht
tibial ht
spinale ht
“glut ht

arm g (rel)
ara g (flex)
forearn g

. wrist g
chest g
waist g
thigh g
calf g
ankle g
biacr br
biilio br
trans chest
foot len
biep hum wd
biep fem wd
sitt ht

a-p chest
head g

neck g

30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30

Table 8 Girls

Mean
28.74
133. 41
12.52
7.14
6.46
8.12
18.71
10.43
105.38
81.04
62.49
47.29
34.95
72.94
72.45
19.95
21.10
19.26
13.05
64.73

" 56.00

40.71
26.59
17.98
28.98
20.67
19.17
20.29

5.37

7.76
71.29
13.32
52.30
26.88

S.D.

5.02

3.37

2,79 .

2.88
3.12
6.74
3.02
5.72
u. 50
3.65
3.286
2.33

4.19

1.91
2.10
1.40
0.90
5.69
4.68
'u'. 32
2.17
1.32
1. 69
1.30
1.22
1.08

0.30

0.50
3.35
0.96
1. 15

1.39

: Aged 9

Range
42.0-19.70

149.6-119000

21.6-6.60
16.4-4,20
15.8-3.40
17.7‘3.“0
36.1-8.20"
16.6-5.30
119.6-95.20
93.0-73.00
71.“‘55.00
55.7-40.50
40.7-31.00
85.9-64.70
83.8‘6“.90
24.,5-16.80
26.,3-17.20
22.7-16.60
15.3-11.30
76.3-54.50
66.8-48.10
51.4-30.90
31.3-21.40
21.0-15.20
32.2-26.30
24.1-18.30
22.2-16.80

22.9-18.70

6.29-4.91
9.28’6'88
80.0-64.60
15.4-12.00
54.6-49.70
30.1T-24.10

Skew,.
0.78
0.33
0.50
1.58
1.45
1.04
0.48
0.03
0.43
0.30
0.00
‘0{0“
0.50
0.53
0.63
0.“2
0.“3
002“
0.40
0.40
0.70

0.19 -

0.25
0.51
0.46
0.41
0.42

0.72

0.74
0.70
0.58
0.86
-0020
0.22

Kurt.
3.43
3.37
3. 11
5.35
4.76
a‘ 178
2.79
1.98
3.16
3.20
2.84
2.88
2.94
3.60
3.49
2.61
2.71
2.98
2.82
2.23
2.60

3,01

3.31
2.89
2.01
2.73
3.09
3.08
3.77
3.96
3.40
2. 77
2.22
2.87



115

Table 9 Boys : Aged 9

: Number  Mean S.D. Range Skew. Kurt.
veight 27 28.80 5.15 43.4-22.10 0.89. 3.41
height 27 133.35 7.37 147.6-117.20 0.03 2.25
triceps sf. 27 9.77 3.21 19.4-5.60 1.26 4,25
subscap sf 21 6.88 4.24 26.4-4,20 3.59 16.70
suprail sf 27 5.74 5.07 28.5-3.00 3.41 15.16
abdor sf 27 7.72 6.38 34.8-3,20 2,97 12.33
fr ‘thigh sf 27 15. 20 6.88 38.9-7.30 1.52 5.87
med calf sf 27 9.05 4,12 21.6-3.80 1.24 4.11
acroam ht 27 104,80 5.64 115.4-91.70 0.13 2.46
radial ht 217 80.91 4.14 88.8-72.00 0.19 2.34
stylion ht 27 62.32 3.05 70.5-55.30 0.40 3.57
dacty ht 217 48.11 2.87 56.5-43.20 0.79 3.90
tibial ht 217 34,71 3.36 45.6-29.90 1. 10 4,72
spinale ht 27 71.79 4.49 80.8-63.00 0.27 2.24
glut ht 27 70.54 4.47 81.1-62.50 0.36 2.u48
are g (rel) 27 19.88 2.15 25.9-16.50 0.87 3.53
arm g (flex) 27 21.16 2.07 26.3-17.00 0.54 3.29.
forearm g 27 19.75 1.42 22.7-17.00 0.35 2.47
.wrist g 27 13.63 1.42 . 18.5-11.10 1.28 5.90
chest g 27 - 66420 © 7.75 97.7-58.60 2.51 10.42
vaist g 27 57.93 4.06 70.0-50.40 0.63 3.91
thigh g 27 39.26 3.94 49.3-33.50 0.60 2.76
calf g 27 27.18 3.10 37.2-22.70 1.4 5,12
ankle g 27 18. 17 1. 47 21.1-15.00 0.03 2,51
biacr br 27 28.63  1.91 32.7-24.60 . 0.18 2.30
biilio br 27 20.46 1.44 24,6-18.00 0.83 3.57
trans chest 27 19.42 1.22 21.5-17.20 0.03 1.75
foot len 27 20.13 1.32 22.7-17.20 -0.15 2.91
biep hum wd 27 5.57 0.\36 6.29-4.88 0.34 2.11
biep fea wd 27 8.13 0.77 9.85~5.45 -0.94 6.66
sitt ht 27 71.54  3.20 76.4-64.,50 -0.31  1.93%.
a-p chest 27 14.31 1. 10 16.7-12.30 0.12 2.59:+
head g 27 52.54 1.10 54.5-50,70 0.10 1.80°
neck g 217 27.99 1.63 32.2-24.,80 0.31 3.16



weight
height
triceps sf.
subscap sf
suprail sf
abdom sf

fr thigh sf
med calf sf
acrom ht
radial ht
stylion ht
dacty ht
tibial ht
spinale ht
glut ht

ara g (rel)
arm g (flex)
foreara g
Wrist g
chest g
waist g
thigh g
calf g
ankle g
biacr br
biilio br
trans chest
foot len
biep hum wd
biep fem wd
sitt ht

a-p chest
head ¢

neck g

Nuaber
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
- 20
20
20
20
20
20
20
20
20
20
20
20
20
20
20

28.20

- Table 10
Mean S.D.
35.84 .9.18
141.52 8.19
13.16 5.41
11.09 8.13
9.65 6.20
12.31 8.63
22.60 10.23
12.97 6.65
113.61 8.41
88.02 7.4
67.98 5.55
52.62 3.66
37.57 3.08
79.46 6% 14
77.10 5.45
22.11 3.14
23.32 2.88
20.79 1.89
13.81 1. 15
70.38 6.90
59.51 6.56
45.50 6. 15
28.58 3.19
19.30 2.28
30.73 1.51
22.32 2.12
20.62 1. 64
21,26 1.62
"~ 5.64 0.37
8.29 0.70
75.13 4.00
" 15. 14 1.70
52.81 1. 42

2,12

Girls : aAged 10

Range
59, 4-25.50
160.1-131,.00
26.2-5.,70
40.4-5.20
25,4-4.10
34.2-3.80
46.6-11,40
28.6'5.“0
133.3-103.60
104.4-79.80
79.1-61.40
62.1-47.60
44.3-33.30
92.2-71.40
87.7-67.70
29.8-18.20
29.9-19.90
24.8-18.50
16.8-12.40
89.0-61.80
73.7-51.20
60.0-37.90
37.0-24,60
24,.4-15,.80
33.5-28.90
28.9-18.80
24.7-18.20
25.6-18090
6.55-5.06
9.90-7.36
83.5-69.90
18.6-12.50
55.4-49.10
32.6-24.40

Skew,
0.84
0.78
0.71
2.34
1.18
0.98
1.10
0.81
0.89
0.89
0.63
0.55
0.83
0.64
0.20
- 0.99
0.9“

- 0.61

1.06,
1.03
0.83
0.83
0.88
0.64
0.4
1.24
0.93
0.69
0.48
0.66
0.28
-0.57
0.30

116

Kurt{

2.93
2.58
2.67
8.61
3.29
2.83%
3.19
2.43
2.76
2.64
2.07
1.87
2.64
2. 40
1.90
3.10
2.89
211
3.23
3.42
2.59
2.72
3.22
2.33
1.79
5.36
3. 51
3. 20
2.75
2.62
1.89
2.27
3.47
2.29

Hms
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weight
height
triceps sf.
subscap sf
suprail sf
abdom sf

fr thigh sf
med calf sf
acroa ht
~radial ht
stylion ht
dacty bt
tibial ht
spinale ht
glut ht

ara g {rel)
arm g (flex)
forearma g
wrist g
chest g
waist g
thigh g
calf g
ankle g
biacr br
biilio br
trans chest
foot len
biep hum wd
biep fem wd
sitt ht

a-p chest
head g

neck g

Number
21

- 21
21
21
21
21
21
21
21
21

21

21
21
21
21
21
21
21
21
21
21
21
21
21
21
21

21

21
21
21
21
21
21
21

Table 11 Boys : Aged 10
Mean S.D. Range
33.23 5. 50 50,8-25,30
140, 14 6.99 153,9-128.70
9-9“ 306“ %‘,21103”6.10
7.11 3.75 -20.6-4,20
5.97 3.45 18.1-3. 40
8.81 7.40 '35.3-3.50
17.67 7.86 43.5-10.890
9,70 4,41 24.6-4.50
110.90 6.76 Qgs.e-gg.ao
86.“0 502“ 96.6‘77060
-66. 10 4, 64 75.4-59.10
50.86 3.80 *58,.8-45.90
36087 2. 58 : u1.9-32030
77.33 5.33 85.5-67.10
75.56 4.92 85.3-67.30
20.88 2.46 29.1-18.00
22.43 2.29 29.8-19.50
14.03 1. 08 16.9-12.10
69 .69 5. 18 84.5-62.40
61.31 5. 32 78,9-55.70 -
41.55 3.90 52.2-37.30
18.93 1.34 22.0-16.00
0.40 1.43 32.8-27.50
20096 1056 2“.5-18030
21.52 2,19 29.4-18.70
5.93 0.39 6.87-5.30
8.52 0. 52 9089-7.67
74.09 3.93 82.5-66.80
14.58 0.95 16.6-13.20
28,94 1.31 32,0-26.40

Skayw,

1.43
0.31
1.50
‘2.36
2.16
2.33
1.86
1.97
0.44
0.63
0.65
0.71
0.20
-0,.08
0.37
1.69
1.54
1.50
1.00
1.09
1.64
1.05

1,20

"'O 028
0.72
0.72
2.09
0.79
1.38
0.24
0.53

-0'. 29

117

Kurt.

2.03

‘5.14

8.33
7.61
8.20

. 6.89

2.38

2.43

2.31
20 2“
2.07
1.75
2,07
6.38
5.65
g, 90
3.97
Q.O" ’
6.06
3.35
4.32
3.45
1.9“
3.14
3.16 -
8.33
3.06
4.71
2.60

2.05

2.70
2,89

8,84 -



weight
height
triceps sf.
subscap sf
suprail sf
abdom sf

fr thigh sf
med dalf sf
acroa ht
radial ht
stylion ht
dacty ht
tibial ht
Spinale ht
glut ht

arma g (rel)
“arm g (flex
foreara g
wrist g
chest g
vaist g
thigh g
calf g
ankle g
ktiacr br
biilioc br
trans chest
- foot len
biep hum wd
biep fem wd
sitt ht

a-p chest
head g

neck g

- Number

24
24
24
24
24
24
24
24
23
23
23
23
23
23
23
24
) 24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24

Table 12 Girls : Aged 111

Mean

39.12

145,15
14.28
10.20
10.00
13.14
23.53
12.90

116.07
89.00
68.38
53.12
37.97
80.77
77.99
22.27
23.59
21.00
14.12
71.45
61.17
45.89
29,55
19.85
30.50
23.12
20.73
21.75

5.75
8.46
76.22
15.30
53.02
28.79

S.D.

10,22
7.78
4.18
4,50
5.45
6.46
8.16
5. us
6.84
5.44
4.48
3.83
2.46
4,80
5.18
2.58
2.68
1.75

1405
6.05
5.79
5.24

3,14

1.95
2,53
253

. 1.65

1.43
0.42
0.53
4.28
1.56
1.50
2.08

Range
68.6-23,30

155, 4-131.50

2206-7.50
23,2-4,90
25.8-3.80
32.“'5’30
42,.4-11,.40
25.8-5.40

126,.1-103.80

97.8-79.90
75.8-61.10
59.9‘“7.00
41.0-32.70
89.3-73.40

87.1-71,20
27.9-17.30

29.1-17.90
24,4-17.60
16.2-11.30
83.4-60.30
74.3-52,70
55.0-34.80

34.7-22.40

23.0-15.40
3“ 03-21070
32.2-19.90

23.9-18.50
60 61-“083

9.45-7.42

83.2-67.50
18.1-11.90
55.5-49.80
32,3-24,90

Skew,

0.88
-0.16

0.45

0.98

1.34
1.01

0.68

0.91
-0.99
-0.05

0.01

0.06
-0.58
<0.01

0.32

0.31

0.03

0.11
-_0¢ 18

0.04

0.53

0;03

-0.30

-0.30
-1 063

1.69

0.39
-0.33
-00u2
-0.12
-0022

0.15
-0.07
-0.11

.118

Kurt.
3.75
1. 56
2.17
3.64
4.14
3.92

3.02

2.99
1.61

1.58
1.73

©2.04

1.63
1.72
2.46
2,40
2.08
2.34
2.30
2.69
2.09
2.16
2.23
6.70
7.29
2.56

2. 15

2.89
2.14
1.96
2.37
2.10
1.94



veight
height
triceps sf.
subscap sf
suprail sf
abdoa sf

fr thigh sf
med calf sf
acrom ht
radial ht
stylion ht
dacty ht
tibial ht
spinale ht
glut ht

arm g (rel)

ara g (flex)

foreara g
Wrist g
chest g
waist g
thigh g
calf g
ankle g
biacr br
biilio br
trans chest
foot len
biep hum wd
biep fem wd
. sitt ht

a-p Chest
head g '
neck g

Number

26
26
26
26
26
26
26
26
26
26
26
26
26
26
26

26

26
26
26
26
26
26
26
26
26
26
26
26
26
26
- 26
26
26
26

Table 13 Boys

Hean
37.21
143.68
10.03
7.95
6.74
9.85
16.99
10.01
115.60
88.93
68.26
52.55
38.30
80.30
77.68

21,32
22.84

21.25
14.10
70.83
62.01
42,71
29.11
19.43
31.01
22.42
21.09

- 22421
6.06 .

8.66
75.27
15.28
53.45
29.46

S.D.
7.95
6.89
3.39

5.72 -

4.83
8.83
5.82
3.59
6.28
4,98
4.05
3.40
2.66
u. 89
5.16
2.28
2.18
1.45
1.04
6. 15

" 5465

2.95
2.34
1. 48

1.95

1. 40
1.73
1. 41
0.77
0.51
2.99
1.44
1.18
1.93

: Aged 11

Range
61.3-29.10

157.5-132.00

18.,8-6.60
26.7‘“.20
22-8-3040
33.“‘“.00
37.3-10.80
21.2-5000

129.6-10é‘00

77.3-62.30
60.2-45,90
43.8-34.10
90.0-74.50
90.6-67.90
26.5-17.70
2802-1 8. 90
24,2-18.80
16.5-12.70
85.0-61.50
78.7-55.80

49.2-38.30 -

35.2-25.30
22.4-16.20
35.0-28.70
24.,9-20.00

25.2-16.50

25.5-20.00
9. 14-4.,76
9.83-7.82
81.5-70.60
18.8-13.20
55.6-50.90
33.1-26.80

9

Skew.
1.24
0.36
1.19
2.15
. 2.18
1.79
2.12
1.47
0.42
0.61

. 0.54

0.28
0.25
0.54
0.38
0.95
0.80
0.53
0.65
0.73
1.31
0.85
0,90
-0.01
0.64
0.03
-0.0T
0.47
2.30
0.56
0.31
0.75
-0.19
0.56

Kurt.
4,02
2.16
3.37
6.60
6.79
4.871 :
7.55 .
4.80
2.34
2.76 ®
2.57
2.81
2.04
2.09
2.75
3.14
3.08
2.04
2.36
2.46
4.09

2453

3.43
2.52
2.04
2.05
3.67
2.29
10.32
2.42
2.09

" 2.91

2,217
2.04



veight
height
triceps sf.
subscap sf
suprail sf
abdomr sf

fr thigh sf
med calf st
acroa ht
radial ht
stylion ht
dacty ht'
tibial ht
spinale ht
glut ht

arm g {rel)

arm g (flex)

foreara g
Wrist g
chest g
vaist g
thigh g
calf g
ankle g
biacr br-
biilio br
trans chest
foot len
biep hum wd
biep fea wd
sitt ht

a-p chest
head g

neck g

Number

- 35
35
35
35
35
35
35
35
35
35
35
35
35
35
35

35

35
35
35
35
35
35
35

35

35
35
35
35
35
35
35

35

- 35
35

Table 14 6irls :

Nean
42.79
152.89
13,43
9.97
10.57
713. 19
23.65
14.18
123.58
35,27
73.30
57.10
40.87
86.01

83.85_
23.09

24.19
21.77
14.70
74,22
62.13
48.25
30.80
20.21
32.00
24,06
21.63
22.71

6.02

8.74
79.41
15.48
53.24

29.37

S.D.
7.95
7.84
4.62
3.66
5.23
6.75
9. 15
4.81
6.40
5. 44
4.71
3.75
2. 41
4.47
4.46

- 2.76

2.55
1.78
1.20
5.76
5.32
S.44.
2.51
1.72
2.39
2.52
2,03
1.24
0.45
0. 52
4.15
1.21
1.92
1.84

Range
64.6-29.90

26.6-7.40
1702-5020
22- 6'“. 10
30-6’“0“0
55.6-11.10
25.2-6.60

134.7-109.30

105.8-83.60
82.3-64.20
64.,7-48.80
46.5-36.00
95.4-77.70
90.5-71.40
29.,8-19.00
29.9-20020
25.2-19.30
17.3-12.80
85.3-64.20

. 7“0“"53060

37; 1-25-50
23.2-16.70
37.2-26400
32.5-19.10
27.0-17.00
250 1‘1 9,80
6.8-5.23
10.03-7.78
88.3-71.70
18.1-12.80
57.5-49.90
33.2-26,20

Aged 12

Skew.
0.46
-0.27
0.99
0.43
0.75
0.73
1.37
0.34
-0023
-0.05
-0.03
0.00
0.11
0.23
-0056
0.50
0.45
0.23
0.37
0.08
0.55

- 0.48 -

0.29
-0.17
0.98
0.35
-0.27

-0.11 "

0.20
"0.03,
0.09
0.47
0.16

1200

Kart.
2.90
2.21
3.38
1.89
2.57

1 2.82
5.35
2.20
2.35
2.23

2,02
2.41
2'38
2.13

~2.90

.38
2.26
1.78

2.43
1.96
2.41

S2.24 - T

2.51
2.32
3.01
5.22

2.7
1.71
2.58
2.52
2.42
2.29
2.03



weight
height
triceps sf.
subscap sf
suprail sf
abdom sf

fr thigh sf
med calf sf.
acrom ht
radial ht
stylion ht
dacty ht
tibial ht
spinale ht
glut ht

ara g (rel)

arm g (flex)
forearm g

- Wrist g

. chest g
waist g
thigh g
calf g
ankle g
biacr br .

. ‘biilio br

. trans chest

"foot len
.:biep hum wd

"biep fea wd
sitt ht
a-p chest
head g
neck g

-Nuaber

33
33
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34

34

34
34
34
34
34
34
34
34
34
34

Table 15 Boys
Mean S.D.
42.18 8.61
149.25 6. 45
13.15 7.20
11. 16 8.52
11.21 8,60
14.60 11.73
21.53 12.33
13.50 8.52
119.92 5.47 -
92 .40 4.50
70.69 3.60
54.76 3.18
39.02 2.51
83.29 4,42
81.36 4,92
32.66 3.52
25.19 3.39
22.50 2.00
14,87 Te37
74.23 6.77
66.03 7.70
46.50  5.74
30.91 3.2%
20.43 2.20
31.79  3.16
23.19 1.80
21.77 -1.58
22.92 1.07
6.25 677
8.99 . 52
77.77 3.04
16.17° .1.52
53.55 1. 51
30.08 2.12

: Aged 12

- Range
60. 2-27.90
163.1-137.10
30.“_5.50
33.9-4.30
32.4-3.50
43.6-3.70
48,6-8,50
35.2-4.00
132.6-107.30
102.7-81.60
78.1-61.30
59,.8-45,.60
44.4-34 .50
92. 6-75.70
91.8-72.70

©31.2-19.20

33.4-21.40
27.0-19.30
17.6-12.50
91.4-65.60
83.2-54.90
58.0-38.50
38.2-26.10
25.4-16.90
42.8-21.70
26. 9-18.80
24,6-18.30
25.5-21.00
9,08-5,23
9.84-8.08
83.0-72.60
19.7-13.50
56.0-90.20
35:1-26.10

121



weight
height
triceps sf.
subscap sf
suprail sf
abdom sf

fr thigh sf

med calf st
acrom ht
radial ht
stylion ht-
dacty ht
tibial ht
spinale ht
glut ht

arm g (rel)

arma g (flex)',37,

forearm g
wrist g
chest. g
vaist g
thigh g.
calf g
ankle g
biacr br
biilio br
trans che§t
foot len

biep hum wd’

biep fem wd
sitt. ht

a-p chest
head ¢

neck g

Humber

37

36.

317
37

37
37

37
37

37 .

37
37
.37
.37
37

37 -

37

37
37
37
37
‘37
37
37
37
37

- 37 .

37
-37

37

. 36
36

36
36

Table 16 ‘Girls :

Mean . \
47.92° -9.44
159.33, 7.00
13.08  4.85
11.09  6.75
T 11.12 6425
14.61  7.86
21.45  7.79
13.25 4.76 -
128.31 5.91
98.64  4.75
75.79 - 3.69
58.71 3.28
42,39 2.23
89.59 " 4.67
88.05 4.54
23.58 - 2,83
24,56 2.73
22.32  1.65
13.82. 1.10
78.73  6.17
64.41 6.05
49,31 5.68.
32.14 _ 2.97.
21.00 1.45
33.88 2. 11
25.29 2.48
22.96- 2.18
23.42 1,29
6.21 0.42
8.76 0.51
82.86  4.16
16.32 1.34
53.82 1. 5%
'30.40.  1.91

S.D.

Range
70‘9-3’.60

173.“-1““.70

24,6-6.70
30.9’5.00
28.0-3.80
"32.4-4.90

'.39.2-8.50

., 2T7.4-5,20"

© 140.0-116.00
. 108.0-89.80

82,6-68.5.
64 §-53.60

- 46.5-37,80
97.6<80.10
97.3-78.40 .
28.6-17.40°

29.7-18.00
25.3-18.30
16.9-12.40
95.8-67.90
83.8-56.20

. 63.0-34.60

38.5=27.20

25,3-17.90 °
-28480

40. 4
33,.7-20.60
32.7-20.00
26.3220.20

©.7.34-5.481
‘10, 14-7.61 -
90,.8-73.80 °

19.3-13.90

" 57.7-51.20 -
34.2-26.70

Aged 13 -

Skew.
0.52
-0.46"
" 0.80
1.59
:1.33‘
0.97T
0.65
0.88

-0.34
-0020‘

'Q.TO.
0.10

=0.11

-0.30

'0.0“

0.32
0.03
-0008

. -0.04

0.64
1&03
Q0T -
-0, 46
0.30
0026
1.10
2.43.

“°0.2T

0.23

0.48 -

-0.23
0.30

0:40 -
f0?12-

" Kutt.

2.78
2.68
2.68
4.60
3,93

2018

' ZQﬁB§
‘3.65
2.42
2.29
2. 11

31,78 - -
- 2.480 ..

2.50
2,68

2.31.

2.51
2.54
3.2
3.92

3,20

2.35
3,69
t u.‘35

31619,] 2

11.48
- 3.09
3.13

3,71 .
'2..21"
2.31
2:59 .
2.30"‘

o



4 C 123 &

Table 17 Boys : Aged 13

. Number Mean S.D. Range Skev, Kurt.
veight 35 48.00 7.46 64 .9-32,20 0.21 2.38
height 35 159,20 6.94 175.4-148.00 0.25 2,13
triceps sf.. 35 11.58 6.16 39,.,3-52.00 2.71 12.13
subscap sf 35 8.70 5.83 31.48-4,60 2.83 10.68
suprail sf 35 8.46 5.35 28.1-3.40 1.82 6.44
abdom st 35 12.38 -9.38 46.6-4.430 1.87 6.08
fr thigh sf - 35 16.45 7.64 46.6-8.80 2.21 8.37
med calf sf 35 11.18. 5,57 36.1-5.40 2,58 11.84%
acrom ht 35 127.84 6.01 144 ,9-118, 30 0.66 2.89
radial ht 35 98.24 4,99 111.0-88.80 0.43 2.44
stylion ht . 35 75.00 3.87 84 .9-68.70 0.33 2.4%1

.dacty ht 35 57.56 3,16 65.1-53.00 0.37 2.42
tibial ht - 34 - 43,06 2.57 49.4-36.90 0.12 2.93
spinale ht 35 89.77 -4.22 102.2-84.00 0.75 3.12
glut ht 35 87.41 4,73 98.1-76.10 -0.14 2.70

ara g (rel) . 35 28,13 2,37 - 32.2-19.70 0.88 §4.96

foreara g - 35 23.55 1.54 27.2-20.00 0.14 2.91
Wrist g 35 15.55 0.91 17.4-13.60 -0.05 2.32
chest g 35 79.55 5.98 91.8-69.20 0.12 2.11
waist g 35 68.11 5.57 81.0-56.00 0.57 2.86
thigh g - 35 88,20 4. 47 62.0-38.40 = 0.69 - 8,02 - -
calf g 35 32.36 2.50 38.6-27.10 0.45 3.29
_arnkle g 35 21.20 1.61 26,7-17.60 0.10 2.42
biacr br 35 34,29 1.9%1 39.5-29.90 0.24 3.58
»piilio br 35 28,95  3.47 42.4-21,00 '3.55 18.38
foot len 35 28,86 1.47 28.3-22.00 0.59 2.96
biep hum wd 35 6. 54 0.68 7.38-3.38 -2.75 13.91
. biep fea wd 35 - 9.54 0.48 10.66-8.62 = 0.32 2.39
‘sitt ht 35 81.82 4,06 . 91.9-74.90 0.35 2.53 -
head g 35 54,59 1.24 56.8-52.10 0.11 1.90

neck g 35 31.91 1.70 . 36.2-28.30 0.10 3.01




veight
height
triceps sf.
subscap sf
suprail sf
abdoa sf

fr thigh sf
med calf sf
acrom ht
radial ht
stylion ht
dacty ht
tibial ht
spinale ht
glut ht

arm g (rel)
ara g (flex)
forearm g
wrist g
chest g
waist g
thigh g
calf g
ankle g
Eiacr br
biilio br
trans chest
foot len
biep hum wd
biep fem wd
sitt ht

a-p chest
heam

//neck'g

J

Number

67
67
67
67
67
67
67
67
67
67
67
67
67
67
67
6.7
67
67
67

67

67
67
67
67
67
67
67
67
67
67

65 -

66
66

66

Table 18 Girls :

Kean
52,42
162.53
14.57
11.72
12.26

16.83 .

23.21
14.79
130.46
100.43
77.32
60.10
42.55
89.97
88.53
24.99
26,35
23.30
15. u?
81.94
66.56
52.75
33.60
21.55
34,95
26.20
23.57
6.31
8.93
85.16
16.67
54,33
31.06

S.D.
9.44
6. 19
4,84
5.74
5.89
8. 14
7.65

5.64

5,43
l‘. 19
3. 46
2.98
1.99
4.24
4,22
2.83
2.76

1. 55

1.20
5. 40
5.97
5.26

2.76.

1.58
1.84
1.96
1.85
1.13
0.34
0.47
3.45
1.59
1.35
1. 50

Aged 14

Range
72.4-25.10
180,8-149,.10
28.,4-6.10
2903"5.00
27.5-3.80
37.2-5 .20
qt‘. ‘3'8.30
26,7-5.20
145.5-117.90
112.8-90.70
86.3-69.40
67.2-53.00
48.5-38.00
102,3-78.40
101.2-78.00
31.9-19.8
32.4-21,00
26.,9-20.00
21. 1"13.20
97.2-68.70
82.2-53.30
. 65.,4-42,40
42,0-26.90
26. 0-17.60
’40. 7-30070
34.,5-32.10
28.0-17.740
26.3-21.10
7.27-5.21
10.14-7.75
'92,9~-77.10
20- 9‘1“.00
57. 7-“9.80
38.3-27.80

‘Skev;
0.04

0.36

0.29
T.42
1.03
0.76
0.48
0.43
0.36
0.31
0.20
0.06
0.35
0.08
0.33

T 0.31

0.20
1.54
0.31
.62
0.14

- 0.20- -

0.05
0.07
1.57
-0.08
-0.09
-0, 10
0.08
0.21
0.63
-0.35
0.06

124

Kurt,
2.90
3.15
2.52
4.40
3.34
2.58
3.0_1
2.36
3.25
3.25
2.73
2,68
3.59
3.“7
3.24
2.44
2.59
2.65
8.44
3.51
3.13
2.59

3022

3.24
3.63
7.33
3.47
2.51 -
3.67
2.88
2,67
2.87
4,13
2.’33



weight
height
triceps sf.
subscap sf
suprail sf
abdom sf

fr thigh sf

med calf sf

acrom ht
radial ht
stylion ht
dacty ht
tibial ht
spinale ht
glut ht

ara g {rel)
ara g (flex)
forearm g
vrist g
chest g
vaist g
thigh g
calf g
ankle g
biacr br
biilio br
trans ‘chest
foot len
biep hum wvd
biep femr wd
sitt ht

a-p chest
head g
neck g

iunber

76
76
76
76
76

76

76
76
76
76
76
76
76
76
76
76
76
76
76
76
76
76
76
76
76
76
76
76
76
76
76
75
14
76

Table 19 Boys
Mean S.D.
52.60 9.69
165.52 ~ 8.64
9.96 4,35
8.28 4,43
7.76  4.34
10.89 7.16
14.63 6.33
10.45 4,62
132.77 7.15
101.99 5.46
78.18 4,33
60.17 3. 41
44,42 2.89
92.76 5.43
90. 64 5.25
24.75 2,52
26,79 . 2.66
24.48 1.81
16.04 1. 23
82,03 6. 41
68.31 5.72
49.12 - 5:.14 -
33.29 3.01
21.74 1.62
35.55 2.36
25,01 1.85
24,21 1.94
25,27 1.51
6.89 0.“7
9.61 0.58
85.08 4,38
17.46 1.68
55.28 1.74
32.81 2.42

: Aged 14

Range
80.7-33.20
186.4-140,.70
28.5-4.40
25.8-3.60
30.2-3.30
37.4-4,30
36. 6‘“.80
25.0-3.70
149.5-113.10
114.7-86.80
87.1-67.80
68.0~51.80
51.0-34.60
107.5-77.60
101.9-74.40
30.8-20.00
31.1-21.30
27.6-20.20
18.9-13.10
82.0-51.60
625 8-35:50
39.4-22,20
25.,1-18.40
40,7-30.60
29.1-21.00
29.5-19.60
28.2-21.80
'8.01-5.85
11.23-8.41

22. 8-13090
60.0-51.50
390 1-27050

Skew,
0.07
-0.27
1.67
2.50
2.57
2.00
1.09
1.24
-00 17
-0.2“
-0.23
-0.40
'0.0“
-0.2“
-0.03
"0. 22
-0036

-0.21

0.12

’ -0.12

"0067
-0.10
0.07
0.15
0.05
-0.10
0.48
-0036
0.39
0.50
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Kurt,
2.62
6.31
9.71
10.60
7.01
4,12
4,07
2.79
2.85
2.61
2. 78
3. 58
2. 9“
3,08
2.27
2,01
2.28
2,66
3.00
3.01
2499 -
3.97
2,24
2. Q2

- 2.50

2.11
2.55
2.80
2.68
3.06
3.26
2.97



//’_\\\

weight
height
triceps sf.
subscap sf
suprail sf
abdon sf

fr thigh sf
med calf sf
acrom ht
radial ht .
stylion ht
- dacty ht
tibial ht
spinale ht
glut ht -
arm g (rel)
arm g (flex)
foreara g
wrist g
chest g
vaist g
thigh g
calf g
ankle g
biacr br
biilio br
trans chest
foot len
biep hum wd
biep fem wd
sitt ht

a-p chest
head g

neck g

Number

66
66
66
66
66
66

66

66
66
66
66
66
66
66
66
66
66
66
66
66
66
66
66
66
66
66
66
66
66
66
66
66
66
66

Table 20 Girls : Aged 15
Mean S.D. Range
53.89 7.57 73.6-39.90
15.05 4,68 27.0-6.50
11.95 5.47 31.3-5.60
11.70 5.18 26,4-5,00
16.16 6. 94 35.0-5.80
24.74 7.31 43.4-10.20
131.12 6.26 144,.1-113.30
101.00 4.69 110.2-88.40
78.11 3.80 86.5-68.90
60.67 3.59 67.8-53.70
42.31 2.22 48,4-35.10
89.57 6.17 102.2-60.90
88.51 4.51 99.9-75.80
25,53 2,37 31.4-21.30
26.71 2.22 32.3-22.70
23.52 1.86 32.9-19.10
15.38 1.15 19.6-12.90
82.26 4.87 98, 4-72.90
65.15 4,84 78.6-56.70
53.69 3.79 61.5-45.70
34.23 2,53 39,4-29.30
21.45 1. 26 24.8-19.00
34,93 2.06 38.2-26.00
26.34 2,02 36.6-22.30
23.57 2.02 34.4-20.10
23,38 1.08 25,9-20,.50
6,25 0. 36 7.03-5.67
8.82 0.56 9.85-6.42
86.23 3.25 93.2-78.60
16.75 1.70 22,1-10.20
54,07 1. 44 58.3-49.80
31.22 1.76 39.5-28.60

Skevw.
0.16
0.04
0.61
1.38
0.94
0.70
0.50
0.34
0.02
0.00
0.06

' -0.03

-0003
-1.38
-0.23
0.26
0.31
1. 65
0.48
0.44
0.482
0.05
0.11.
0.35
-1 .‘35
1.70
2.39
-0.17
0.28
-0.88
0.13
-0.3"
0.23
1.70
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Kurt,
2.32
3. 14
2.83
- 8.51
3.01
2.63
2.5
2.59
2.93
2.67
2.59
2,27
3.94
8.67
3.59
2.23
10.90
3.22
3.55
2.60
2.284
2.33
2.93
7.16
11.11
13.55
2.67
2. 11
6.18
2.41
5.84
3.54
8.54



veight
height
triceps sf.
subscap sf
suprail sf
atdom sf

fr thigh sf
med calf sf
acrom ht
radial ht
stylion ht
dacty ht
tibial ht
spinale ht
glut ht

arm g (rel)
arm g (flex)
foreara g
Wrist g
chest g
waist g
thigh g
calf g
ankle g
biacr br
kiilio br
trans chest
foot len
biep hum wd
biep fem wd
sitt ht

a=-p chest
head g

neck g

Number

77
77
77
77
77
77
717
77
77
77
77
77
77
77
77
17
77
77
77
717
77
77
717
717

77

717
77
77
717
77
717
77
77
77

Table 21
Mean S.D.
58.63 11.23
170. 46 8.73
9.64 4.62
9,46 6.83
8.43 6.39
11.63 8.70
14.50 7.61
10. 36 5.26
137. 14 7.19
105. 47 5.74
80.83 4,81
62.45 4,04
45.49 2.91
95, 35 5.62
92.75 5.63
26.27 2495
28,72 3.28
25.56 2.00
16.49 1.21
86.25 7.80
70.76  6.60
51.46 5.68
34,46 2.82
22.35 1.68
36.86 2.38
26,01 1.81
25. 41 2.11
25.46 1.41
7.09 0.47
9,74 0.56
87.78 5.24
18. 16 1.89
55.77 1.61
34,07 2.75

Boys

: Aged 15

Range
88.5-33.10
190.0-145,.90
26.,2-4.,20
46.1-4,80
38.4-3.80
39.8-4.60
44.3—6.20
31.5-4,30

151.4-116.00

116.1-88.40
90. 1"67: 10
69.8-51.70
51.7-37.80
109.2-82.20
106.2-80.10
33.8-20.80

30.0-20.70
19.3-13.00
105.1-60.70
97.0-59.80
42,.4-27.40
27.1-18.10
44.2-30.70
31.0-20.20
30.7-21 070
28,5-21.80
7.85-5.57
11.92-8.44
97.3-74.00
22.4-15.00
59.8-51.40
42,.3-25.70

Oy

Skew,

0.59
~0.13
1.75
3.08
2.62

1.8“ )

1.71
1.82
~0.26
-0.29
-0.28
-0.25
-0.17
0.09
0.10
0.69
0.76
0.21
-0.29
~-0.02
1.52
0.83
0.48
0.24
0.09

0.65
-0. 16
-0.88

0.41
-0.30

0. 14
-0.11

0.37
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Kurt.
3.11
2.64
5.63
13.90
10.64
5.52
5.77
6.50
2.72
2.75
2.62
2.41
2.65
2.57
2.42
"2.86
3. 11
2.62
3. 3“
3.68
5.50
3.19
3.61
3.16
3.48 -
3.72
2.90
2.67
3.60
5.09
2.86
2.05
3.07
4.17



weight
beight
triceps sf.
subscap sf
suprail sf
abdom sf

fr thigh sf
med calf sf
acrom ht
radial ht
stylion ht
dacty ht
tibial ht
spinale ht
glut ht

ara g {rel)
ara g (flex)
foreara g
¥rist g
chest g
waist g
thigh g
calf g
ankle g
biacr br
biilio br
trans chest
foot len
biep hum wd
biep fea wd
sitt ht

a-p chest
head g
neck g

Number

53
53
53
53
53

53 .

53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53

Table 22 Girls : Aged 16
Bean S.D. Range
54.87 8.03 80.1-43.70
164.61 6.64 185.2-149.10
1“.“8 QO38 2505-7000
11ﬂ72 5.51 35.8-6.60
11.83 5.3“ 31.“‘“.80
16.42 8.31 48.2-5.00
24,16 7. 14 44 .3-11.60
15.02 5.88 32.7-6.00
132.6 5.93 152.8-121.20
102.1 4, 36 118.3-94.40
78.74  3.49 91.9-72.20
61.19 3.05 73.0-55.20
82.94 2,01 48.6-38.00
88.73 3.88 98.5-79.90
25.36 2.42 31.2-20.30
23.59 1. 31 26.6-21.00
15.44 0.78 17.2-13.60
82.74 5.28 103.5-71.50
66.10 6. 29 89.5-57.00
53.91 4.89 -68.8-44,90
34,34 2.56 42.6-29.30
21.43 1. 35 25.2-18.70
35.35 2.49 38.4-24.60
26.57 1. 46 30.9-24.10
24.42 1.49 28.2-21.7
23,37 1. 01 25.6-21.50
6.29 0.26 6.81-5.66
86.94 3.19  96.0-79.40
S54.10 1.32 57.0-51.50
30.90 1.72 36.9-27.60

Skew,
0.86
0.15
0.43
2.29
1.59
1.41
0.31
1.05
0.28
0.62
0.55
0.66
-0.10
-0.,13
-0.02
0.15
0.08
0.27
0.18
0.88
1.48

- 0e70. -

0.67
0.37
-1 072
0.39
0.48
0.03
-0.03
0.43
0.37
1.22
"0.08
1.15
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Kurt.
3.6“
3.50
2. 52
9.16
5.97

" 5,66

2.84
u. 19
4.04
4,84
5.20
5.66
3.33
3.15
2.86
2.67
2.84
2.28
2.79
5.87
5.61

3.76

3.55

2.63
7.62
2.96
2.91
2.23
2.58
3.24
3.14
5.43
2.44
5.06



weight
height
triceps sf,
subscap sf
suprail sf
abdoa sf

fr thigh sf
med calf st
acrom ht
radial ht
stylion ht
dacty bt
tibial ht
spinale ht
glut ht

ara g ({rel)
ara g (flex)
forearsz g
wrist g
chest g
waist g
thigh g
calf g
ankle g
biacr br
biilio br
trans chest
foot len
biep hum wd
biep fem wd
sitt ht

a-p chest
head g

neck g

Nuaber

55
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
55
56
56
56
56
56
56
56
56
56
56
56

Table 23 Boys

Mean
62.16
174.59
-8.93
.8.63
8,25
11.47
13.10
9.96
140.63
107.90
82.39
63.86
45.84
97.17
93.73
27.28
29.83
26 .38
16.86
87.97
72.28
52.80
35.35
22.71
- 37.56
26.67
26.57
25.79
7.13
9.79
90.69
18.23
56.16
34.84

S.D.
8.86
8.37
3,75
4.21
5.55
8.75
7.26
5. 46
7.50
6. 11
4,94
4. 46
2.32
5.03
4.88
2.17
2.35
2.07
0.92
5.60
5.40
4.50

- 2.48

1. 31
3.03
1.82
1.80
1.47
0.40
0.49
5.16
1.72
1. 44
1.82

: Aged 16

Range

78.7-40.30
193.2-151.90
24.,2-4,.30
25.3‘“.“0
30.1-3.50
44,2-4,30
44.2-5.00
37.4-4.40
158.2-120.80
123.5-93.60
95.4-71.80
75.8-53.80
50.6-39.60
106.3-84.10
106.0-81.30
31.5-21.40
35.0-22.50
'36.1-21.30
18.9-14.10
97.1-73.50
86.0-58.4
70.5-44.70
40,5-29.50
24 ,9-19.40
41.8-21.20
31.1-21.90
30.5-22.80
29.6-22.80
8.75-6.38
10.97-8.95
99.8-78.70
22.0-14.70
59.5-53.50
37.7-28.00

Skew,
-0.19
-0. 18

2.00

*2.19

2.22
2.02
2.13
2.68
0.02
0.09
0.25
0.29
-0.04
-0.25
-0.03
‘0.28
-0.46
1.40

-0.16

-0.44
0.15
1.07

‘0.33

-0.43

-2.78

-0.35

-0.10
0.34
0.89
0.53

-0.41
0.14
0.26

-0.97

129

Kurt,
2.56
2.94
7.74
7.71
7.77
6.40
8.28
12.67
3.05
2.91
2.80
2.87
2.64
2.49
3.01
2.76
3.68
10.17
3.70
2.39
3.19
5.69
2.60
2.60
15.63
3.27
2. 32
2.76
6.28
2.84
2.91
2.29
1.89

. 4.81



veight
beight
triceps sf.
subscap sf -
suprail sf
abdom st

fr thigh sf
med calf sf
acroam ht
radial bt
stylion ht
dacty ht
tibial ht
Spinale ht
glut ht

ars g (rel)
arm g (flex)
forearm g
wrist g
chest g
‘waist g
thigh g
calf g
ankle g
biacr br
biilio br
trans chest
foot len
biep hum wd
biep feam wd
sitt ht

a-p chest
head g

neck g

Number

47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47

47-

47
47
47
47
47
47
47
487
47

Table 24 Girls :

Mean

55.76

165.13
16.15
11.10
11.08
14.91
25 ’66
16.33

133.06

102.38
78.55
61.35
42.51
90.96
88.41
26 .07
27.21
23.96
15.38
82.45
66.21
55.23
34.62
21.18
35.30
27.10
24.66
23.40

6.17
9.02
87.54
16.67
53.73
30.67

S.D.

6.79
5.69

4.56
u. 22
3.98
5.5%
7.35
5.44
5.78

4,78

4.08
3.53

2. 64

4.59
5. 11
2. 16
2.04
1.45
0.69
3.82

- 3. 94

4.29
2.41
1.25
1.76
1.82
1.82
1.29
0.33
0. “7
4.56
1.34
1.56
1.26

Aged 17

Range
77.7-43.60
179.4-156.40
30.2-9.00
28,2-5.60
22.4-5.40
32.4-6.60
45,3-7.90
35.0-7.60
147,9-122.50
112.9-94.00
87.5-70.60
68.9-54.10
51.4-36.30
104.4-80.60
100.1-78.90
30.2-20. 00
31.3-22,70
28.7-21.00
17.1-14.10
94.7-75.40
77.6-58.20
65.8-47.840
40.8-29.20
23.8-18.60
38.2-29.90
32.4-22.80
29.3-21.30
27.3-21.40
6.90-5.58
10.05-8.11
97.0-648,.00
19.6-13.10
57.5-51.1¢
34.6-28.00

Skew,
1. 13
0.37
0.81
2.17
0.98
0.82
0.42
0.92
O.46
0.35
0.16
"0013
0.70
0.20
0.18
-0.25
0.16

" 056

0.30
0.89
0.92

- . 0.69.

0.52
0.03
-1.10
-0. 06
0.41
1. 04
0.05
0.26
-2. 62
-0.15.
0.61
0.78
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Kurt.,
4,49
2.27
3.68
8.43
3.45
3.34 -
3.22
4.31
2.51
2.20
2.06
2.16
4.19
3.04
2.27
3.28
2,31
3.90
2.70

: “’66

3.83
2.94
2.95
2.19
.40
3.83
2.43
3.82
2.03
2.69

15.67
3.19
2.89
4.01



weight
height
triceps sf.
subscap sf
suprail sf
abdoa sf

fr thigh sf
med calf sf
acroa ht
radial ht
stylion ht
dacty ht

~tibial ht

spinale ht
glut ht

arm g (rel)
ara g {flex)
forearm g
Wrist g
chest g
vaist g
thigh g
calf g
ankle g
biacr br
biilio br
trans chest
foot ler
biep hum wd
biep fem wd
sitt ht

a-p chest
head g

neck g

Number

43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
42
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43

Table 25

Mean
64.86
175.63
S.46
8.92
T.36
10.87
12.13.
S.48
140C.91
107.78
81.99
63.04
45,36
36.90
92.53
28.57
31‘ 25
26.87
16.95
90.25
74,68
53.82
35.91
22.36
38.26
27.35
27.21
25.79
7.0%
9.71
31.76
18.70
55.68

- 35.41

Boys

S.D.
9.85
6.23
5.18
4,72
5.29
6.96
5.70

4.98

5. 38
4.44
3.68
3.46
2.33
4.16
4.36
3.21
2.98
1.63
1.05
6.56
7.72
5.16
2.98
1.52
2.58
1.94
1.92
1.03
0.36
0.52
3. 44
1.63
1.75
2.13

: Aged .17

Range
93.3-44,.30
190.9-163.50
31.8-3.60
30.2-4.40
34,5-3.40
37.0-4.60
33.8-4.80
30.7-4.20
153.0-130.80
117.3-100.40
89.8-76.20
70.5-57.70
55.2-41,20
105.,3-86.30
102.3-82.70
39.9-23.10
41,3-25.90
32.1-23.30
20.1-15,.20
107.2-74,30
109.2-64.20
66.6-42.50
ll2.2-28.60
26.,2-19.40
42.4-28.50
33.6-22.10
33.9-24.00
28.1=-24.,10
7.82-6.20
10.63-8.43
100.3'82.20
22.9-14,40
59.4-52.00
39.3-30.40

o
Skew. Kurt,
0.39 3.32
0.39 2.46
2.25 N\ 9.10
3.02 "12.91
3.50 17.28
2.1 - 8.05
1.63 6,01
1.94 8.33
0.45 2.41
0.38 2,28
0.46 2.26
0.58 2.37
0.14 2.15
‘0.12 2.“8
0.26 2.79
0.99 4.74
0.79 4,42
0.55 3.94
0.56 3.20
0.16 3,05
2.03 10.13
0.41 2,95
0.15 2.59
OQQ3 2.78
“1.2“ 5-6“
0.42 4.73
0.75 4.39
0.19 2.03
-0021 2.61
-0.42 2.54
-0.07 3.40
0.02 3,02
0.15 2.34
-0.27 2.36
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veight
height
triceps sf.
subscap sf
suprail sf
abdonm sf

fr thigh sf
med calf sf
acrom ht
radial ht
stylion ht
dacty ht
tibial ht
spinale ht
glut ht

ara g (rel)
ara g (flex)
forearas g
vrist g
chest g
waist ¢
thigh g
calf g
ankle g
biacr br
biilio br
trans chest
foot len
biep hum wd
biep fem wud
sitt ht

a-p chest
bhead g

neck g

Number

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
“ 10
10
10
10
10
10
10
10
10

Table 26
NMean S.D.
59.51 6. 44
165.88 7.23
17.01 3.73
12.61 3.82
11.71 4.43
15.84 4.41
24,85 6.63
15.44 3.03
133.37 7.05
102.64 5.94
78.62 5.18
61.08 4.14
42.44 3.59
91.59 5.79
88.74 1.36
27.57 1.85
28.66 1.82
24,37 1. 16
15.32 0.53
84.84 3.77
67.23 2.52
57.04 3.62
36.32 2.05
21.53 1. 33
34,65 2.55
27.82 1. 21
25.43 1.68
23.81 .1.08
6.26 0.32
8.94 0.39
87.98 1.80
17.62 0.77
54.37 1.92
31.53 1. 12

Girls : Aged 18

Range
71.5-49.90
179.0-156.10
25,7-13.20
19.8-7.30
19,5-6.60
21,2-9.70
38.0-13.20
21.,0-11.60
145,.5-123.50
112,2-93.90
86.5-70.00
68. 0‘53030
47.3-36.20
102,2-82. 20
99.2-78.500
30.‘.-25. 00
31.8-26.00
25,9-22.70
16.3-14.80
91.0'78.20
69.8-62.40
65.9-53.20
39.6-32.60
23,5-19.80
3&. 9-31.30
29.4-25.80
27.4-22.480
25.6-22.10
6.91-5.78
9.77-8.36

30.8-85.10
19.0-16.40
57.6-51.70
32.9-29.60

Skev.
0.11
0.33
1.03
0.29
0.40
-0.17
0.21
0.32
0.19
0.20
0.02
0.27
‘0.38
0.33
-0.2“
-0.11
-0.02
0.06
0.59
-0.30
-0.66
1.28
-0.04
0.30
0.24
-0.52
"0089
0.32
0.58
-0005
0.10

~0.06 _

-0.38
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Kuart.

“2.16

1.93
3.25
1.86
1.49
1.23
2.62
1.76
1.92
1.97
1 .83
1.71
2.02
2.14
2.13
1.47
1.73
1.28
1.68
2.07
1.90
3.86

1.96

1.38
1.47
1.72
2.23
1.94
2.42
2.59
1.73
1.84
1.64
1.91

-3



3

weight
height
triceps sf.
subscap sf
suprail sf
-abdom sf

fr thigh sf
med calf sf
acroa ht
radial ht
stylion ht
dacty ht
tibial bt
spinale ht
glut ht

ara g (rel)
ara g (flex)
foreara g
wrist g
chest g
vaist g
thigh g
calf g
ankle g
biacr br
biilio br
trans chest
foot 1len
biep hum wd
biep fem wd
sitt ht

a-p chest
head g

neck g

Number

21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21

21>

21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21

Table 27 ’'Boys

Mean
68.82
179.04
9.40
8.97
6.25
10,47

12.66

9.08
143.49
109.45

83.32
64.39
46.41
98.58
94.31
29.18
31.58
27.31
17.46
93.03
75.64
55.30
36.70

- 2294

39,27

27.44

27.80
26.41

7.28

9.93
93.09
18.97
56.70
36.79

S.D.
7.10
7.66

2.62

1.56
1.67
3.67
4.16
3. 33
7.57
6.43
5. 15
4.66
3.17
5.69
5.92
1.92
2.01
1.16
0.7%
3.68
3.78
3.54

2.33

1.25
2. 16
1.39

1.27

0.37

0.50
3.06
1.22
1.85
1.76

: Aged 18

Range
82.1-56.20
192.5-166.20
14.3-5.30
12.1"5.50
9.8-4.00
18.2-6.00
20.4-7.00
16.1-4.30
155.5-129.70
121,8-97.50
93.3-72.40
74,3-55.70
53.7-40.90
107.2-90.70
105.1-85.70
33.2-25.40.

35.9-38.00

30.0-25.30
19.6-16.30
100.5-87.60
83.1-68.60
62.0-49.80

- 41.9-33.40

26.1-21.10
44,0-34.70
30.5-25.10
30.7-25.00
29.1-23.80
7.99-6.61
10.66-9.18
98.4-87.80
21.3-16.60
59.1-52.60
40.0-33,.40

Skew,
-0.08
0.01
0.40
0.09
-:0.66
0.59
0.26
0.33

- 0.00

-0.09
-0.21
0.02
0.28
0.17
0.31
0.09
0.16
0.42

0.68
-0.09
0.07
0.61
0.63
-0.11
0.19
0.17
0. 25
0.28
0.02
-0. 1“
-0.13
-0.36
¢.10
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Kurt.
1.79
2.05
1.94
2.73
2.21
1.95
1.67
2.03
2.08
2.21
2.41
2,24
2.57
1. 46
2.02
2.75
2.40
2.51
8.62
2.25
2.05
1.83

2,57 -

2.75

- 2.84

2.68
2.45
2.81

2.23

1.81
2.05
2422
2.13
2.33

-
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The numbers in each age group were a reflection of the
size of the schools involved and indicative of the economics
and time available for the project. Numbers were greétef at
the middle age ggoups vhere the’Juniﬁr‘Hiéh Schoolé had a -

such larger population in total drawing students fronm a

number of relatively small Elementary Schools.

Variations in the number of subjects within a cohort
indicated that fcr some reason the measurement was not
recorded cr that the measurepent was in error and was

deleted.

Skewness, i.,e, deviation from a Gaussian distribution,
aight be expected to be zero since in a normal distribution a
value greater than the mean should be matched'by}a Value
equally less than the mean, so that the cubes of the
deviations from the aean would approach zero. While the
convarse mpay not be true - the size df this sum is regarded

as an indication of the symmetry of the distribution.

“~

Observation of this data indicated a greater degree of
poéitive skewness i.,e, towards the lower end of the range.
There were fewer instances of negative skewness and these
values were generally of smaller magnitude than the inStances

of positive skewness,

< -

it



Kurtosis, as the degree of peakedness of a distribution,
is conventiopally ccnsider=d as having a normai value of 3,
and in excess of 3, the distribution is described as
Vleptokurtic, i.e. having a marked peakedness rather than a
flatness, In the relatively small COGRO sample, occasionally —
leptokurtic distributicns vere found. These'uere noted when
scores were concentrated around modal values. In general
this was noted at younger age levels more so than at the

kigher age levels weré the samples vere somewhat smaller and

there was greater variability.

Some very large values of kurtosis were reported, the
- gincidence being most iaxkedﬂin the under 18 _age range. At
18, there was a marked reduction in the number of
platykurtically distributed variables and the degree of
playkurtosis is markedly less than in the younger agé groups,

possibly an irdicaticn c¢f full maturity in the oder group.
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PERCENTILE DISTRIBUTIONS . - C

-

pDistributions, based on raw data of height fcr girls

wvere depicted in Figure 10 and the same péraméters for’boyé'

vere indicated in Figure 11. The 3rd, 10th, 25th, 50th,

75th, 90th and 97th percentiles of the parameters were o, i

plotted against age in each case..

BY inspection there was little difference between the-
sexes in the results for both height and weight., At all ages
the boys mean heights were greater than the girls. Up to'14
years, there was little to distinguish betveen the two

patterns. At 14 there wvas a parked difference in the b@ys

Py

height., At all percentile levels the boys height continued

to increase while thcse cf the girls began to plateau.
Figures 12 and 13 presents the parcentile distributio®d
‘ ) L

. g

of weight for girls and boys respectively.
Between 6 and 14, there was a tendency for girlé to béw

heavier than bojs, but this was only marginal. there was a

| divergence at 14 1gars_f:é1mxhich,pnintmhoysghgcagegxarkedlyg, ,,,,, [

heavier thanm girls of the same age., By 18 years of age the =

boy's mean Height was larger than the 97th percentile of’the’ o

girls.



Figures 10 arnd 11:Height parcentiie

for COGRO girls and boys.
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Coquitlam Growth Study
Cross-Sectional Height Percentile - Boys
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Figures 12 and 13:Weight percentile

COGRO girls and boys.

distributions
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. SHOCTHED PEKCERTILES

These results were presented as transparency overlays oh
Pigures 10, 11, 12 and 13, They ware constructed from raw
data using a smoothing technigque. It is in this form that
sucﬁ data are invariabtly presented.

¥

While there was initially little difference in absoiﬁte
weight in the various peréentiﬁe group either uithinAeach sex
or between the sexes, nafked differences bégan to appear at |
around 8 years of age. ®ithin the male groups these
differences apéeared to be maintained as indicated by the .
parallel nature of the curves, thefe Was Hidé diveigence_
within the female population. This divergence seemed to
become most marked at arcund 11 years of age which is
approximately ccincident with the onset of agnarche in early
maturer, This is associated with the adolescent growth spurt
and includes the depqsition cf body fat.

Further inier-sex differences were noted ;n that the .
attainment of maximal height for boys appgg}ed to occur at
beyond 18 years of age, while girls maximal height appeared
to occur at close tc 18 years of aée except that thergrovth
period was delayed for the tallest group. This was taken to

be an indicatior of the earlier age of maturation of girls,



144

HEIGHT AND WEIGHT CATA FOBR 11 YEAR OLD GIRLS.

Height and weight data for 11 year 0old girls are
presented in Aprendix C. Similar displays were generated for
each variable fcr each age~sex group and are available in

addendﬁm'volumes.

COMPARISION OF MANITOBA NORMATIVE AND COGRG PROTOTYPICAL

DATA e

Tables 28 to 31 were presented to make a comparison of
the means, medians (P50) standard deviations and y[
interquartile range (P25 and PY5) for girls and boys at each

age in both the Mamnitcba and COGRO studies.

If a secular trend was evident, this was expected to
be seen in the COGRO study, vhen compared with the Manitcba

DOTRS, —



7

Tables 28-31:Ccmparative ;tatisticé on Manitoba
and COGEO data including nuabers, mearns,

standard deviations, P50, P25, and P75.

o
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Age
Age
Age
Age
Age
Age
Age
Age
Age
Age
Age
Age

Age

10

1

12

13
14

15

16

17

18

Ma
Cco
Na
Cco
Ma
co
Ma
co
Ma
co

Ha-

co
Ma

co .

Ma
Cco
Ma
co
Na
Cco
Ma

.CQ

Ma
Cco
Ma
co

-Number
2369
18
3083
25
3235
15
3303
30
3330
20
3051

24
2824
35
2604
36
2043
67
1521
66
1043
53
474
47
91
10

Table 28 Girls,ﬁéighf

Mean

118.33 -

116.66

123.60

122.36
128.75
126.71
134,26
133.41
140.00
141.52

‘186,61

145.15
152.68
152.89
156.82
159.33
159.61
162.53
160.66
163.12
161.26
168.61
161.98
165.13

159.64 -

165.88

~

PS50 .
119.40
115,73
124,40
121.83

129.50

127.30
134.60
132.80
139.70
138.50
147.30
142.87
152.40

152.10°

157.50
159.10
160.00

" 160.88.

160.00
162. 04

162.60°

168. 14
162.560

164,07

160,00

164.50

~

" S.D.

6.35
5.68

6.78

5.25
6.78
4.99
7.54

' 6.56

7“. 62
8.19

8.08 "

7.78
7.90
7.84

. 7157

7.00
6.96
6.19
7.42
6.77
6.99
6.64
7.67
5.69

8+.97

7.23

P25
114.30
111, 64
119.40
117.00
124,40
123.00
129.50
129.00
134,60
135.00
142.20
136.60
147.30
146,00
152.40
155. 07
154. 90
157.20
157.50
157.73°
157.50
159.30

-157.50

159.5¢6
157: 50
157.00

1 uﬁi )

- P75

121.90
120.60
127.00
125.20
" 132.10
128.80
139.70
135.67
144,80
144,33
152.40
151.53
157.50
158, 67 -
162.60
163.10
165,10
165. 30
165. 10
166.07
165.10
168.09
-167.60
168.56

167,60 —

168.33




Age
Age
Age
Age
Age
Age
Age
Age
dge
Age
Age
Age

Age

10
11
12
13
14
15
16

17

18

Ma
Co
Ma
CO
Ma
CO
Ma

Ha
co
NMa

co- .
HMa
co

Na
co
Ma
(off0]
Ka
co

Ma

co
Ha
Cco
Ba
co

co.

L3

‘Table 29 Girls Weight

Number
2369
17
3083

25
3235
15

- 33037

30
3330
20

3051

24
2824
- 35
2604
37
2043
67
1521
66
1043
53
474
47
91
10

Mean
21.83 -
21,38
28.34

23.52

27.24

25.12
30.54
28.74

34,23

35.84
38.94
39.12
44,09
42.79
48.33

47.92 -

51.64
52.42
53.35
53.89
58.21
54,87
54.99
55.76

55.53-

59.50

P50
21.30

20,66 -

23.60

22.17

- 37.70

26.30
2“. 70
29,50
27.57
33..10
32.00

36,80
43,10

40.70

47.60
45.46
50. 40,
49.81
52.20
53.23
53.50
52.53
54 .40
54,06

54,40

59.00

S.D.
3.35
3.69
4.01
3.94
4.89
3.81
5.99
5.02
7.03
9.48
8.1

10.22

" 8.83
7.95
8.48
9.44
8.17
9.44

734
7.57

7.30°

8.03
7.35
6.79

7.86-

6.44

P25 =
19,50 -

18.70
21.80
19.67
24.00

22.00 -

26.80

25.00 .

29.50
28.00
33.10
30.53
38.10
36.50
42.60
42.13
46.30 °
uu.go
48.50
45.77
49.90
48,24
49 90
50,40

- 50580

52.00

&

S 147

Vs

P75

23.60
23.80

26.30
26.75
29.50
26.50
33.60
30.00

37.70°

40.00
43.50

‘43,20

49,50
47.17
52.60
50.60
56.30

570 56 N

57.60°
58.40
58.10
60.07
59.00
57.73

62.00

59,00

4



'Age
Age

Age

Age.

Age
Age
Age
Age
Age
Age

Age

Age

Age

10
11
12
13
14

15

16

17

i8

NMa
co
Ma
co
Ba
co
Ma
co
Ma
co
Ma

- CO

Ba
co
Ma
co
Ma
co
Ma
co
Ma

co .

Ma
co
Ma
co

- Table 30 Edes Height

Jumber’

2429
17

. 3129

22
3381
22
3455 °
27
3629
21
3327
26
3079
33
2845
35
2175
76
1701
77
1103
56
426
43
148
21

Mean

119.15
117. 04
124,23

- 122.80.

129.71
129.64

134.98

133.35
140..11
140. 14
145. 47
143.68
151. 13
149.25

'157.89

159.20
163.85

165.52 .

169.82
170. 46
173.00
174.59
173.99
175.63
174.40

179.04

PSO

119,40
116.30
24,40

121.95
129.50
128.95

134.60

131.77

v

139.70

137.97
144,80
1.“’1 QQB'S
149.90
147.92
157.50
158.17
165.10
163.48
170.20
168.94
172.70

173.80

175.30
173.67
175.30

179.30

6.45

6.30.
6.86"

5.07
7.09
6.01
7.21

7.37"

7.14
6.99

T .7.58

6.98

8.41 .

6.45

9.55 .
6.94

9.02

. 8.64
8.74
8,73
8.00

+8437
10.13
6.23
9.1“

1+66

S<D.

P25
114.30

111.40 .
¥19.40°
117.93
124.50 -

125.40¢
129.50
127.27

135.90
134.10 .
139.70:

137.20
146,80
143.80

. 152.40
152.00.
157.50"

165.10

'162.36

170.20
167.91

170.20

170.60
170.20

173.20 -

148

P75
121.90

.119.90

127.00
125. 40
134.60
131.40
139.70
137.90

-144,80

143.70
149.90
146.68
157.50 .
153.04

"165.10.

162.80
170.20
171.07 ~
175.30

175,87
©177.80

178.60
180.30
179.07.
180.30 .

182,357
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Table 31 Boys Weight

Number Mean P50 S.D. P25 P75
Age 6 HMa 2429 23.06 - 22,20 5.63 = 20.40 24.50
co 17 21.75 20.91 . 2.98 19.70 21.97
Age 7 HNa 3129 25.06 24.50 4.92 . 22.70 27.20
co 22 23.92 23.11  2.85 21.36 25.20
Age 8 HMa 3381 27.92 27.20 4.55 25.00 30,00
co 22 27.50 26.54  4.53 .23.60 28.40
Age 9 Na 3455 31.12  30.40  5.54 27.20 34.00
co - 27 28.80 27.26. . 5.15 24.56 30.95
Age 10 Ma = 3629 34.45 33.60 6.41 29.90 37.20°
co 21 33.23 31.72 5.90 29.10 33.88
Age 11 Ma 3327 38.14 - -36.70 7.51 33.10 41.70 ==
co 26 37. 21 33.80 7.95 - 30.73 39,20
Age 12 HMa 3079 42.66 40.80 9.52 . 36.30 /
co 33 42,18 41.43 8.61 - 33.30
Age 13 HMa 2845 48.07 - 47,20 9.48 41.30
. €O 35 48.00 46.75 ' 7.46 41.00 -
Age 14 Ma 2175 -~ 53,95 .53.50 9.96 47.60
' co . 76 52.60 52.08 9.69. 44,07
.Age 15 Ma 1701 - 60.13 = 59.00 9.78 5¢4.40
' Ca 77 58.63 56.33 11.23 49.36 -
Age 16 Ma 1103 64.16 63.50 © 9,65 59.00
- Co 55 62.16 61.88 8.86 54.00
Age 17 .Ma 426 66.09 65.80  9.51 59.90
co 43  64.86 . 64.14 9,85 56.40
Age 18 Ma 148 68.61 68.00 8.47 62.70

co 21 68.82 67.63 7.70 . 60.40
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JObsérvéiion revealed not*only-a'marked similarity

betneen the leanc of these sanples, but there was also

51n113r*ty between the standard dev1atlons of the tuo

; sanples desplte.the very. large dlfferences in sanple

-

nunbers,, leewlse, dlfferencés betieen all\other parameters

s -

- Were. geuerally _ROT: narked

A graphib4hisplay cf“uéép; of height-ip- Figures 14 and

15, réff%ccé the siniliritj 6f the»iuo groups. ‘There>

R i

- appeared to te”lltt¢e dlfference 1n the data on. helqht

‘)— ~ S

between glrls age.6 13.~’leferences of the lean helght

J
values at age 13 was not clgnlflcant whereas it was ..

SLgn&fxcant -8t age Tﬁ. rf fron age 14 to 18 . the COGEO

girils sanple appeared to be si"htly taller thaa the ﬂanltoba

sample. . oL . R L

Girls aged 18 were larkedly tallar in the COGRO grouﬁ
than in the nanltoba study.) Houever with only 10, subjects in

thls COGRO group it. is also p0551ble ‘that this was too snall

s a salple on Uthh any valld conclu51ons should be drain.g

F
% . .
. . AT N
L. . * .

Investlgatlon of bays beight in Figure 15 shoued /bgz

‘sililarlty of the two saaples, The only na]or'dlfferenge

;ppearédiat 18 jedrs~6f age, with the COGRO boys being

markedly taller than the Manitoba.group,:

_ T ' 150
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Figures 14 and 15:Ccomparative means for height
ard weight for girls and bcys in the

Manitoba and COGRO studies.
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"Nith regard to weight, shown in the_loier4 séctiéps of

' Figures 14 and 15, it was apparent that there were only'small>  ;
differences4betueen the two groups, vith the one exceptién of

18 year‘ql@lgirls which again iﬁbht be eiplained by the sizé

of the COGRO group,

COHPARISON OF INTERMATIONAL DATA WITH COGRO DATA

Figure 16 shows means of qirls.heightaand weight from
age 6 to 18 as deterlined by COGRO and the National Center
for Health Statistics (Hamill et al., 1977) from the U.S.A. -
i§f1974, as well as data from Czechosiovak;a;(Seliger and
Bartenuk, j976)<§or ages °11 to 18 in 1976, and froa Indian

data .(Ghani et al., 1971) for ages 6 to 15 in 1971.

Inigial.observation indicated similar mean values
between the two sets of Borthlhnerican data i.e. U.S.A. and
COGRO, and the Czechoslovakian data between 12 and 18 yeafs
of age. The very marked difference of the Czechoslovakian 11
year old dﬁrls was ine;plicahle since it was not found in

other sample comparisons.
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Figures 16 and 17:International cocmparisons of
height and weigaht for girls and poys
(U.S.A., Czechoslovagian, COGRO and

India).
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Figures 18 and 19:Interpational comparisons of .

height and weigbht for -girls and boys

(Sviss, Norwegiamn, 'COGRO).
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Similar relationships vere seen in Pigure17( 5075* -
height andgueight, with siquarities beingrobserveﬁ betneeﬁ
~both the D.S.A., COGRO arnd the Czechoslovakian group<y In
general, Indian children of Loth sexes.uere found toqixr’u

smaller and lighter at all age levals.,

@ Purthé} ébm;atative data was summarizéd in Figures 18
and 19. Thé Swiss study (Préder and Budliget, 1977) was on
longitudinal data of 207 girls and 206 boys born in 1954 and
1955. Hhilejig vas limited to up to 12 yeafs of age, mean
values uére Sililér to the COGRO data and to the lonéithdinai

Norwegian data of 1975, {(Bruntland et al.)

The most obvious limitation of lomgitudinal studies was

illustrated -hefe - nalelj;'Eﬁat”iméfﬁdi'bégdh’ih'1§5ﬁ was ~

reported in 1977, almost a quarter of a century later, by
which time the growth‘nerns may héig changéd quite
noticeably.

" ES

_The similarities were more marked innboys height and a

- little less marked in teras of veight. The Hor}égian and
COGRO data appeared;net tc d%fferiappyeﬁiabiyi ;;77 N;ff”m_mf;;Aff,

~

- . N . . . . N



SKINFOLD DATA

7 - o | s s
Pigureﬂgo,‘indicétéd fhe,relationship between the : . ;,/
triceps aha subscapular'skiﬁfol&sﬁfoé gifls and boys in tke L
" COGRO study, compared qﬁfﬂ childrep from a French Canadian

group (Demirjian et al,, 1972) in Hontregiﬁ N

Inkbdth»Studies‘there was arsinilar pa ttern oﬁyfé}
deéos@tiohlﬁifh age, Girls tricepsrskinfolds shouéq a uarkédf
increase hetweén,tye ages af 12 to 15, f;llo;ed by a §lig£ti'z“:/ L
fall at 16, The COGRO data then indicétbd a marked increase L

ip skinfolds'to,age‘18. - BOYyS triéeps showed a maximum value

at around 12 to 13 years of age followved by’a gradual . ;,.,j}ﬁ‘
_ decrease to 16 years with a slight increase at 17. .ﬁhi;é ‘ ';‘%{%i;
“both the COGRO and Montreal. data sheied;a #1€hinwsex~patté£af—%;¢f3fﬁ?;
consistepcy,.thf patternAbetueen sexe% was noticeably :\ ) ‘;:;,;

-

different. el . - , e

Subscapular skinfcld results fi&g’?iﬁe showed a
"similarity of pattern within the sei§§,hgf a- marked lack of
sililarity tetween the sexes, girls haying auch larger

. —
.absolute values, with a msaximum at 14 to 15 years, while the

boyé maximua occurred at 12 and 15, with a noticable decrease

‘in values at 14 years cf age.

N

gt
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Fiqure 20:Triceps7and'éubscapular skinfolds for
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.. girls and boys from COGRO and Montreal.
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At all ages, with the exception of 8 year old girls!'
. ,‘-%' , :
subscapular skinfolds, CCGRO children had largéifijinfolds,

than the 1972 sample at the same age.

[

-~ HEAD CIRCUHEEREHCE DATA

Mean head circumference data from Sweden (Karlberg et ®

al' 1976) and- for COGRO data were represented in Figures. 21

and\zz.’ While trends were similiar in both instances, there -
.\\

ueze ndtlceable absolute differences between the two samples,
t

vlth the COGBO group exhlbltﬂﬂg larger girtas.

DA

“ ) .

Notable differences also occurred in the stability of
head qirc&nferenéé. This appeared'to occur in CQGRO girlérégLW”7
aroﬁn& 15 years of age, while a later age for\stability wWas
suggested by the Swedish study. Head groutn‘iﬁ boysvappeared
not to have ceased at 18 jears of age. Apparent siﬁller mean
ahead ciréunfeiences than Hoﬁld be éxpééted ip COGRO boys age

-

9, 11, and"12 were noted.



Figuras 21

.
L

W

and 22:Head circumference data for
COGRO and Sweden girls and boys.

‘;\’ *
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V._A STUDY OF CUTSTANDING’UHDER-12‘GIRL FIGURE SkATERS

F -

oy R e

One of the questions to which administrators, in various

sporting groups, have turned their attention is that

cohcerning selection cf yocung people who willl best profit
from coaching programs. In many instances such selection is
purely subjective or at kest based on the curre performance

level from which improvement is expected. ,4/’//

It has been shown in adults that certain physigue
characteristics are well correlated with some'perfornance
criteri;, and this point will be discussed later. It has
ralso been suggested that certain physique characteristics
might be beneficial to a childrathlete either in the learning
cf or performance in a skilled activity. While it has been
possible to compare the child agaigst a unisex adult phantgé,:;”,
(Ross and Wilson, 1974), to this point there has been no_uay
cf comparing the child against A ototypes for his own age
Qbich would specify those absoifte or proportional
differences which might be selective, -

The purpcse of this chapter is to indicate the way in

which the prototypical data can be used in the assessment of

selected groups of children.
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INTRODUCTION

The questicn as to whether individuals becosme athletes»

K

hecause cf their physique, or whether physique is dstermined
by training in athletics, is largely unresolved. Carter
5'(1973) concluded that both grouth and training affect
physique, some factors of vhxch are selectlve for success,
and that athletes are both born and made.. ﬂoreover ;e
considered that while there is possibility for change, the
nagnituﬁe of that change is prQbaﬁly lipited by genétics.

The initial study on blynpic-athletes by Kohlraush
(1929), fcllowed by those of Cureton (1951), Corrent1 and
Zahli (1964) Tanner (196#), Hirata (1966), and de Garay et
al. (1974) found size and structural differences anong

athletes in different'eventsvand'similarity in athietes

successful in the same event,

Similarly it has been shown . by (Caitér, 1§66f,1970;
1971, and Carter et al. 1971) that athletes in some 5po:tsl
are structurally dlfferent to the nornal populatlon. “In all

studies, houever the subjects were na*ure adults.
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. Data which bas beén gathered from varlous prftlngr’.

"J;

groups 1nd1cat1ng the dlfferences 1n partrcular physrcal

, tralts,‘lncluded those on,sylmners (Behnke, 1968)° and on long

dzstance runnerc (Behﬁke ahd Rofce;,f966). These;dlffefences

were then proposed as hav1ng functlonal =1gn1f1cance. The

fatnes$ of sxrmners was seen .as prov1d1ng better bouyancy and

-‘_f)m

the small arm glrths ccnpared u1th leg and thest glrths of

the runners uas seen as’ belng advantageous for- that act1v1ty.

e

- .
- . . » S N . _ oo

2 » ra
: ~

A‘humbervoﬁtothér stpdieg; réyiéiéd'bj Périﬁkbva (1973)

have investigated ﬁody compdsitiog; anﬁ its rélationship with:
@ ) - v E

successful athleth perfornance, particulgrly in relation to
fat and lear tody mass, rather than the discrete,
antnropometrlc dgtall.

Using tta tradltlonal 1nd1ces as séec1ﬁled by ﬂontalgne,
le Veau et al. (1974) =hcwed U.S.A. gymnasts to haye narrouer
hips and gggqp'shoulders, short limbs, small thigh éirths and .

narrowver eplcondylar uldths than Japanese gymnasts- factors

uhlch were considered by thes to prov1de a bio-mechanical

,gdvantage when contrelling the movements of the beody.

Siuilariy Carter (1976) concluded that a proportionally
narrow pelvis and long aras were most characteristic of
clympic rucners acd jumpers, particularly taose who were

described as racially ‘tlack!?!.

~ |
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ﬁata‘gave no 1nd1cat10n of dlfferences or

51lllar1t1es bétseen female track and fleld athletes, Elben

thle raw

et al, (1976), us;ng the phantom strategy of BOSS and Hllson

deterllned ‘that different proportlonallty patterns Were

S

4'assoc1ated with dlfferent athletic events. AThey suggested

[ <]

that these differences q1ght be associated with bioméechanical

. factors specific to that event.

The avallablllty of data for the mature athlete is more
readlly availakle ahd deflnlte than that for chﬁ?dren, uhere

there are confoundingn factors of growth add maturatlon thch

‘'must be taken into accountvvhen asse551ng the physical status

of tae individual; and where ccntrols a:eigiffiquit to apply.

Tug!va outstanding under-12 female skaters were neasuréa

anthropoﬁstrically by Faulkner (1976). Thé& were compared

PR

‘With other skating data, and with the adult unisex PHANTOA.
n

At that tlne, Faulkner regretted the lack of norlatlve aata
for this young age grcug, recognizing th° need for

prototyplcal comparison, Mow with the comprehen51ve COGBO

hovw these skaters, or any other &ESigﬁate&'gfeﬂ?ifvaffj*7
structuraily froe the reference standard of chil&:én.of their

-

‘c¥n age.
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-

The.ability to identify the unique physical
ﬂ%k\\?cha;aéteristics of children has particular application to the
. . L *

sports coach, parent and child, especially if it 1s'£quqd
that some physical characteristics are never associated with

major success in a given activity, whereas other

characteristicé are almost always associated with Suqcess.b
The coach is anxious ftr.tbe7Child to be suécessful. He is \\
concerned with the ability of the child to learn particulaf‘

skills and ﬁay need to counsel the child in selgcting an area

of the sport appropriate to h;s physique and temperaent.

Both the parent and the child.are likegise oriented towards

the child's success, and set partiéular‘goals for him. Froa

the point of view of all concerned, the attainment of these

a "f;’ -

goals canrbe seriously disrﬁé;éé ﬁhen the phyéiqueréf the
child applies a structural comnstraint to higher achievement.
Skating.is a sport which involves meéhanicalrconsprainﬁs, and
as an ihdividual sport, rating as to proficiency is ,
| relatively simple, conpa;e;iﬁith team sports, when individual
btowess may be cénfused With teanm succgss or failure.
S
‘Proportionality changesWhalerbeenf#epoztedminhbeyS—aged77~fﬂg——
7 - 15 years {(BRoss et al. 1975). Princiﬁglij,thgmggtlggnmgasr

one suggaesting an increase with age, of metabolically active

tissu2 (muscle), inp relation to -the less active tissue
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(bone). ‘Slmllarly maturatlon in glrls has hnen assoc1ated

Hlth proportlonallty changes in a nunber of anthropometrlc

variables, Hallna (1975)_ and Harkness {1971) found early

'laturers to ke heavier and taller at each ége than late *-

: iaturers.%‘Ligey;se increasihg’fat levels b;ve'been’iv | ' .
»gsgbciated uiﬁh_théAIa€UIqtioﬁ prodgés (Rarick 1973, Halina |
and Johnston 1975) . : | o o ' s

f\\::;

Slnllarly the onset of uenarche (anjlnd*cator of

£

’naturlty) has been correlated vith body\leld in that ‘

linearity 15 typlcal of the late\naturér (Skerlj et al.v ’ ;
1953, EKralj- Cercek 1956, ﬂcNell and Levson 1963, and Young et fi”

a;. 1963). "The question as to whether low fat levels 'lay

the onset of menarcﬁe, or uhether the maturatlon event’ltself

deternlnes fat deposxtlon, has_not yet been resolvedt

fhile the sitqatici reéarding thé §ature atﬁiete\is % h -
patter of consi&efigg the natu&erahd nué;ufevfactors and |
" their interaétion effects, the conpliéatiohfof'matdriéy‘in
childreh'nakes‘fhe task cf.exalining bod} change§ due, - -
éntirelj tc spdﬁté participatibn, iuch more difficult.

Bevertheless parizkova (1968) in a’well controlled study with D

96 boys indicated that with bigher levels of physical .

activity, there uasja relative narrowing of the pelvis, and a = -

decrease in fat mass which improved the economy of work.

. -



It was the purpcse cf the prééent study ﬁo determine an
aksolute differences in selected anthropometric fariables
between skéters and their age peérs and to ascertain any
proportionality difﬁeregfes between these subjects, their-

peers, and the adult phantoa.

The methods and procedures were those as specified by

Vi

Faulkner. E I : SR

\ .

P . ;»n . : 0 T
- * T

The subjects vere 12 6d£standing under-12 female figure
skaters, from British Columbia on the Canadian Pacific coast.

The designation "outstanding" was basad on a performance

a*
criterion from a strong competetive milieu.

RESULTS ' Tl L o

o

Usingmtpgwspss statistics program, - (Nie et al. 1975)

Faulkner calculatedriié“léans'and standard deviations for 21

anthropometric variables uhiéh_were asSessed_onwthe young R

skaters. From these parameters and those of the 11 year-old

girls prototypical data 't!' ratios, as shown in Table 32, e

vere calculated. S e e

\.
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‘suprail

ITEHM

age -
veight
height

sitting height

foot length
triceps s
subscap s

s
s
abdomin s
thigh s
calf s
titial ht
biiliocr wd
epic hum wd
epic fem wd
thigh girth
calf girth
chest girth

‘up arm flex

up ara len
lcw arm len

df=11; critical Qalue at 5%

FhoHh Mh s R

Table 32

SKATERS
10.7 (1.1
31.2 (5.6 )

136.7 (9.4 )
71.1 (3.4 )
21.5 (1.5 )
10.2 (2.5 )
6,0 (1.7 )

4,0 (1.0 ).
5.2 {¥%TY)
9.4 (2.5 )

356 ~ (3.1)
21,5 (1.6 )
5.51 (0.35)

8.10 (0.54)
44,4  (5.1)
66.5 (3.8 )

21.3 (1.3 )
25,7 (1.8 )
19.1 (1.9.)

10.96

39.12
145.12
76.22
21,75
14.28
10. 20
10.00
“13.14 -

"PROTOT YPE

(0.31)
(10.22)
7.78)
4.28)
1.43)
4.18)
4.5 )
5.45)

—-&—\Ad\a—-—\ﬁ

23, 5354A8 16)

12,90
37.97
23.12
5.75
8.46
45.89

29.55

71.45
23.59
27.07
20.62

{ 5.45)
2.46)
2.53)
0.42)
0.53)
5.24)

6.05)
2.68)
1.91)
1.35)

P B, i, g BN g, S g, e, S~

(s) indicates significance at the 5% level.

-

.

6.46)

N)NtnLh£==L»c>whoan

3.18)

LE S0

(s)
(s)

-(8)
(s)
(s)
5 (S)
(s)
(s)
(s)
2.3 (s)
1.8(s)
2.1(s)
0.83

NO\-O\N-ANU'IQNIOW

(S)

1;9(5);,,Wm”

4.7(s)

3.4 (s)
3.2(s)
2.4 (s)

level=1,782 for 1-tailed test.
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The presentation of prototypical data from the COGRO
study wvas reflective of the grovth parameters at any one
. :
specific age, and with the small nunbers 1nvolved 1t would
be presumptive to present these prototypes as population

data, WNevertheless the larked 51m11ar1ty -batwean the neans

and standard deviations of 3 very large populaticn sanple has

i

already been pointed out, The appropiate JPL computer

progrél vas used to calculate the required information.

The report by Paulkner concluded that thz under-12
skaters were smaller than the general population and as this
was the hypothesis to be tested, a 1-tailed test was applied.
Inspection of Tabie 32 indicated that in every instance, the

skaters rav aata was less than that of the COGRO data, and

supported the working hypoth951s.

The Ross and Wilson phantom equation was applied to the
COGRO data to calculate Z-values for each of the selected
va#iables. Standard deviations of z-values for this data
vere also calculated. Thus the mean z-value and the standard
deviation of the z-values were caluclated. This information
vas essential in studies of this kind to emabie sigpificance - -
tests to be conducted. It has been coamon policy in .
anthropometric studies to report onlf néans and standard

. >
deviations from the rav data. For full proportionality
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e

. comparisons it is necessary tc¢ report the z-value:géan and
the z-stanaard deviatior, both of which can only be
determined froa %a;)data using the .Ross, Wilson
proportionality formula. : - -

Means and standard deviation z-values for thé skaters,
vere those reported by Faulkner.

% _

The z-value means and standard deviations for 13

selected variables of the skaters and COGRO data together

with calculated 't' ratics were presented in Table 33.

Significance was detected in the twc variables indicated

{(S) - foot length calf girth and lower arm length.,

Figure 23, presents the proportionality Z-values for the
13 selected vafiables showing deviations of the 11 year old
girls prototype and the skaters when coﬁpared with the adult

phantoa.
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'

. ‘ . "Table 33

ITENM SKATERS - - PROTOTYPE R
weight : -0.54(0.64) 7 0.41(0.93) 42
_sitting ht - =0.46 (0.69) -0.33(0.32) .81
foot len - 1.04(0.69) - 0,16(0.80) - 3.28(S)
tibial ht -1.02(0.55) - -0.87(0.50) 76
epi hum wd 0.84(1.08) 0.78(1.24) .13
eri fea wd 1.13{0.67) 0.83(0.87) 1.02
thigh girth -0.52(0.67) ~-0.69(1.28) «33
calf girth -0.28(0.88) -0.29(1.16) .02
chest girth -0.97(0.71) -0.80(0.94) «52
up arm flex -1.12(0.62) -0.74(1.09) .95
Up ara len -0.04(0.83) -0.44 (0.76) 1.61
lowgara len -0.74 (1, 18) : -0.28(0.68) 2.23(5)
tifioc wd -1.18(0.61) -0.99(1.49) +28

The level of significance in this case was appropriate for

a two-tailed test since there was no testing hypothesis as to
directionality. Thus the hypothesis was that the skaters
were proportionately differemt to the prototypes.

Eith 34 d.f, in each instance, the critical value at the 5%
level was 1.9. - ’
i
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Figur= 23:Proporticnality z-vaiues of 13 selected
variables for skaters and ths appropriate

prototype.

{ o A R

T



Variables
weighf

sitting height

foot length

tibial height

bi ep humerus width
bi ep femur width
thigh girth

calf girth

chest girth

upper arm girth
upper arm length
lower arm length

bi-iliac width

|
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181

-2

-1 ,
----- Proportionality z values for 13 variables showing

deviation of prototypical data for 11 year old girls
from the phantom (0) "

0

2

1

Proportionality z values for'13 variables showing
- deviation of under - 12 outstanding skaters from
the phantom (0)

i
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Th2 comparable CCGEC group was selecteu by comnsidering
the mean age cf the skaters grcdp. Hence thé 11 year old
data was chosen since the mean age for this prototype was
Closer than arny cther, to the mean age of the skaters. The

small age difference was insignificant, as seen in Table 32.

In retrospect this was a recoynizea weakness in the
study in that the skaters' group included some very young
subjécts which undcubtedly modified the results. This was a
necessary Compromise il that very little data is available on
outstanding ybung performers in any sporti;g actiﬁity. In
future comparative studies of thié kind should not form
groups of such a wide age range, Lut insteaa, comparisons
shoul@ include sirgle agé grours compared with the -~

appropriate prototype.

Althouyh there was littlé absolute difference in foot
length or epiqondylar widths, raﬁ measurempents, generally
indicated that the skaters displayéd'shaller dimensions than
the prototype. They were lighter, shcrter and had generally
smaller girths, The low skinfold values were much lower, and
linearity w#as subsequently assessed using the Heath - Carter
(1975; a) method cf scmatotyping. This involved summing the
triceps, subscapular and suprailiac skinfolds, thenAby

application cf this value to a rating form deteraining both
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relative relative leanness, This value for *he means ;frthe
skaters was 20.2 i.e. (10,2 + 6.0 + 4,0) and 34.48 for the
prototype. the respective degrees of linearity were 2.0 for

~the skaters and 3.5 fcr the prototype, where maximum
linearity has the value of 0.5. thus the greater linearity of
the skaters, as a E}cug, conpared with the prototype, was

*
shown using this method.

Application of the 't' ratio to compare the means,
indicated a significant difference at the .05 level between
all measurements of the prototype and the skaters of the sanme

age,~¥ith the exception cf foot lergth and thigh girth.

Inspection of the proportionality profiles, when both
samples vere compared with the phantom, indicated a similar
trend in deviaticn, with the skaters geheralyzghouinq greater

proportional differences, as illustrated in Figure 23.

Comparison pf the skaters with the protctype vere
displayed graphically in Pigure 24, and proportionality
differences between the two groups were found to be '
significant fcr foot length, and lower arm iength. As seen
in Table 33, the young sgaters had significantly larger feet
and shorter lower aras in proportion to their height when
compared with thé prctctype for their age,

<
AY
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Other tendenéie; were marked though ndt statistically
significant., Thus the sgatérs shoﬁed a teﬁdency toward.
proportionately larger epidondylar femﬁr widths and longer
upper arm iengths.

+

¥
DISCUSSION

»Faulkner'showed that therérwere a number of ways in
vhiéh the outstanding young skatersAdiffered from the senicor
elite prototype, and he suggested that the "size deviations
Wwere probably due to maturitj!differences as the young

outstandirg singles under-12 skaters were all prepubescent."”

Now that it is éossible to conparevthéée children with
their aye peers, it is also possible to identify those
variables where differences can be identified with
‘performance, rather than with the growth phenomenon. The
BOSt noticeable result in this study; was the significantly
low values for skinfolds in the young skaters (Table 32).
This may be evidence of the effect of trainirg on fat
sterage, as pointed out by Parjzkova (1968), or evidence of -

late maturation. ‘ _ B
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The skaters in this study’reportgdijrfrained for ugrto
25 hours per week and could well be included in the heavy |
uork category with which Parizkova associated low levels of
fat and a greater'pro ion of lean body mass.
Altefnatively it night suspected that the skaters were
less mature than the prototype;since with apéroachiné‘
maturity fat is deposited, thus late maturers have a tendency

to smaller skinfolds than eatly maturers. As determined by

3

Paulkner, there was an overall.tendency to late maturation
among female skaters, with a meah qenarcheal age of 14,0 for
the naiionaily elite senior and junior ladies. Faulkner
proposed that excess fat associated with early maturation,

uodldghinder the learning of skills, while proportional

linearity would enhance same. Hence late maturers would be

favoured as figure skaters.

This supports Espenschéde (1940) who found that the

tetter performing girls in mctor tests were late maturers.,

" . If thesz two factors are causative it could be due to the

economy of work found by Parizkova or to a minimal amount of

bulk which might othérwi§e produce a restricting influence

. = )
and interfere with the mechanics of movement.



‘» i 186

- &

Whether this relationship bgtuéen'maturaiion, fat and
performance is cauéati#e or resultant, is not ciear, i.e.’
does‘training reduce fat levels which produces a delaying s
effect on the appearance of nenéréhe? or does a delayed

menarche create a leafpess which is conducive to skill

3

learning and performance?

These guestions and the interaction of these effects
nead more consideration, Furthermore most other variables
showed a significant difference as determined ﬁy the

) . . \ Y,
'"t*ratio, indicating that the skaters were, in general

significantly smaller than the COGRO prototypes.

It appeared that the skaters were a selected sampie, and
that the factcrs which selected them were in part, those . . .
anthrépometric’variahles Hhichrchilitated their learnipg and
?erformance of skating skills. | E oL

= - -

B Examination of the propdrtionality'results of the
prototype and the skateré compared with the adult phénton,
indicated that in general, both samples d;viéféd from the
phantom unidirectionally. Thus it would seem that
proportionality chafacteristicsrvary with aéé} but that more
extrené differences may Le selective for cettaiﬁ"AEiiétié'
activities. It is tenpting to sugéest on‘this meagre-

+

]
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inforsatior, that on the basis of deviation from adult

proportiohs, young girls are more suited anthropohetricéily
e v .

to learn and perfors skatingrskilis.

4

While properticnal foot length of the sk}xgr vas

51gn1f1cantly larger than the prototype, the b?tﬁ?ﬁdxlax_,,ma‘ﬂ,,

widths showed a non-significant excess over the noras,
although‘there was a tendency for largerqvalugé. ABOth these
parameters vwere suggested by Faulkner as being beneficial to

stability in providing a wider base. ‘ o

One factor which should nct be férgotten in this
analysis is fhat the age range of tyg'skaters ¥as 8;2 to
12.0, whereas the age range of the COGRO group was °
10.51-11f42.' This difference in sampling could havé_
influenced scme of>the results, invthat the youﬁger skaters
would have contributed smaller values to that éronp, reducing
the mean values and increasing #he variance. Nevertheless.b
it is difficult to procure samplls of ohts%anding athletes of

sufficient size with a less iaried,age group range, While

this appears as a problem, it is not sufficient justification

1)

to stop investigations of this kind, though age variation

should be kept as swall as*pcssible.)v?uthetﬁvrewthiswﬁt&dyf
was intended to illustrate omnly ohe of the.poésible ways-in

which the prctotzﬁfs can be used,



A further fprcblea in this type of an§1ysis isffjé
invéstigation of the status of the individual athlete.
Subseqﬁent treatment cof therdaia énd‘possibly the
establishment of selected arbitary z-values to indicate a
significant differeﬁCe tetween ah individual and prototypical

data, will facilitate the'eitended use of prototypical daﬂa

for use by the individual,

e :
3
¥

SUMMARY ANL CONCLUSICNS

' The data fros Faulkner (1976) of tw=alve oufstanding
under-12 female skaters were compared iith.prototypes for . i
their own age obtained from thé COGRO study.

L
b
&

rThe study aimed to determine those anthropbnetric
.differences uhi;ﬁrnight te identified,uith success in this
activity and wﬁich_light in'turnrlead to ép asseSsment ,efbod;
£or the seleétion of’yodng skaters.

3

A piea was made ﬁoz'uorkérs in the area of an;propq!étryw

to zoutiﬁely report the ieanfand_standard deviations of &
- = - 6 - .,,_;/
z-values,
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hours training,per week could not be under-estimated as a
3 - . ' ] .

modifier of skinfcld measurements. : b AR
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From analysis of the data, the following conclusions
.

were drawn: > .

1

1. The most ocutstanding result was the significaﬂtlywl,
low skinfolds of the young skaters when compared with the
prdtotyeggal group. This was especially noticeable in
suggééfﬁlar, suprailiac, abdominal and fronflthigh skinfolds.

It was propqsed that these children were late maturers and
they were able to take advantage of thée lack of bulk,
éssociqted with the fat depostion occurring with maturation,
‘which facilitated' the learniné and performaance of figure ;
:skat;ng skillé, at the same time oppimizing Work oqtput'ihich

’is facilitated bty lowvw fat deposits. ‘ . T

It is possible that an interaction between maturity amd [ 7
training coﬂtpiﬁutedjtd'these louer‘skinfold<ﬁalu§s. Since

the-twc grpups were bcth prepubescent, the contribution of. 25

3
N . ‘e e . Do
. - : L2 - g
. . : )i»_' 5 ! ) -t

The high values of fat in the prototypes would indicate

that leanness-is specific to the skaters. L

- . ray - - - - - - ——

€
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2. In 18 of the selected variables, significant
differences were found betweer the skaters and the
prototypes.' It was suggested.that these diiferencés vere
selective for young skater;. Thus a small pbody would appear
to be advantageous in this activi%y. Whether this is a
tiomechanical advantage'or'wheYher the advantage stems from
scme@ other source needs further investigation.

/ -

3. When comparing éroportionalities of the twﬁ"sampléé
with the phantos, ;t was noted in general, that deviation of
both the prototype and the skaters were in the sanpe
direction, This was sucgested as implying that much of the
proportional difféténces were a functicn of age.'

4, There vwere two variables where there was a
significant difference between the Z-values of the skaters

/ S -
and thosg of the prototypiCal data,r i.e, larger proportionalA_
foot ‘ ngth, and shcrter lower arms (foiéafﬁs)‘ - The longer

\
The lohger foot lerngtk was seen as contributing to better

balance,

It vas concluded that the proportionality differences
which were found between skatérs and the prototype were

selective for young figure skaters.
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‘TPhus oﬁe of the proposals of Faulkner was verified,
namely that there is a specificity of physique in figure
skating which appears tc accompany success iﬁ the young
performer, This specificity was demonstrated as smallness,
leanness, proporticnately larger feet, proportionately ,

shorter lower arms, and possibly being a late maturer.

Questions which remain to be answered include whether or/
not after maturity, these youhg protegas are still in the
outstanding class? De these physique characteristics change?
If so can the»change be predicted and predetermine the
performers success in adult competition? 1Is there a point in
time during the adolescent growth spurt when conditioﬁs of
changing physique enhance or iﬁhibit the acquisition and
performance of skill? 1Is heavy training acccepanied by low
skinfolds a critical-factor in delaying puberty and the

growth sequence, thereby extending thne period of édvantageous

physique? Does this sake the learning of complex skills,

involving the marnipulation of total body mass, easier?

Many of these types offﬂeestions can only be answered by
the longitudinai study of perforneré as they pass from

childhood to adulthocd., Meanwhile the COGRO prototypes have



provided the kinanthroromsetrist with an adeguate tool by
which spacificity and generality of anthropometric
measursment amorg selected groups can be identified. To this
extent these prototypes can be used to ideatify those

variables which might influence success and performance.

In this, tltey intrcduce an element cof guantification in

appraisal and guidance of the young athlete, which should
7
eventually ledd to imprcved service toc children and their

parents and those respcnsible for the conduct of youth sport

programs.

192
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VI DISCUSSION

v

In any study Hhiﬁlxhas as its aim the establishment of

noraa tiwe data, ;he B0st reliable way to do this is to
includ21:§§§pembers cf the reguired population, This is
clearly not pcssible when dealing yi£h the human popu}ation.
For this reascnléonproniées have to be made_while at.the same
time attempting to na}ntain a condition which remains ;Swﬂ e
close as possiﬁle to the ideal. Using small sampie sizes and
good technique, the conprom#ﬁé; of éhé COGRO study led to the
. g .

establishment, not of normative data, but of prototypes for

girlS'and'boys age 6 tc 18,

Standard measuring conditions were maintained in COGRO
with-only trained kinathropometrists being responsible for
measurements, ihilé a larger number of schools would have
given a more reliable assessment of data, time did Agt permit-
larger persoral involvement and many other schools'did not
meet the criteria of selection. Restriction of the age range
could have led tc a prepubertal or mid-pubertal subgroup, and
since it is generally accepted that the pubértal changes in

growth are the mcst interesting, it was decided to cover the

fulli school age range in order EQ gain a complete view of

-
growth patterns,

——

g
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From this study there have been several important
cutcomes in addition to achieving the primary objectives of.

the study: | h P

It is now known that it is possible for an experienced

team of anthropcmetrists to move into an institution and
gather data guickly and reliably without severe disruption to

that institution, -

Staff and students in the schools showed a great deal of
interest in the whole project. They were keen to
participate, to discuss the methods and to know how they

could use the results.

The basis for longitudinal study was established in
these three schcols which could provide further information,
through both cross-secticnal and longitudinal study, on the

kinanthropometrical aspect of the growing child.

-
t
i
i}

'Since there is nc general cdﬁéensus on whether the

'best4o0ff' or the middle-class groups should be used to
establtsh ncrmative data, the COGRO sample, which might be
described as middle-class, was acceptable as a selection for

the development of profct;pical data. One of the proble:ifgg



Vany survey of this nature iglgainingrthe suppoft,
encouragement and the enthusiasm of administrators, without
this, any survey’is doceed before it starts. With ihe
western world beccsing lc;é and more demanding of its private
rights, the opportunities for this kind of.data gathering

could be seen tc be decreasing, Indeed one part of the

intended study included a henarche questidﬁnéire,ibhf ﬁhé
Coquitlam School Board refused its distribution. " Thus
denying the 'study group the possiblity of investigating the -
inter-relatlonsﬂip betuée; maturation and growth attainment,» |
or even of ascertaining whether lénarche is occurring earlier
or later than previously reported.

J\\

The COGEGC sfudy has not only established axtensive

prototypical data but it has also helped provide a source of
information from a large sample of children which can be
further elaborated upon as leng as good will is maintained
between educators“?§ﬁ researchers, both groups being equally .
concerned with cptimal groith and deyeiopment of all children
and youth. This, of course, is a ba;}c respoﬁsibility for

school adainistraters who see their role as creating an

environment for happy, heg@;hg, gggppicgl}z advanced and

culturally enriched children, and a concern, shared with

kinanthropometrists.

)/

o
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The selection of thelthree schools was done largely in
consideration of the political situation, in that liaison
with the public, including educational institutions, must be
done with the support of the governing body. The Coquitian
area was considered to he\principélly middle-clags vith an

" .
observed mixed racial component, and it was assumed that

factors positively influencing growth were maximized, and
that those negatively influencing growth were minimized. It
vas also consiaered that the,scheeiéroffere& an atmosphere -
whch encouraged the expressién of maxinal growth pdtential.
Thus it was felt that a gro&} close to the thest off' as
suggested by Tanner, was used to estqbllsh the pnototypesf

The use cf the word prototype in this coptext is perhaps

new, but/its use in not new, A ;hnbér of prototyplcal models
have already teen developed in kinanthropometry principally
of athletic groups. The prototypes can be viewed as similar
to the adult unisex phantom cf Ross and Wiison, which is in
fact a model with which adults of either éex, at any age, can

be coampared. 3

=<

The word prototyge is used,towinditaiagamdefinedggnaupf4*44444f
where, for specified J.tens,p means and standard deviations are
calculated arnd these are then taken as reference data against

which other groups can be coapared. Thus from the COGRO



/

data, age-sex prototypes were developed for middle-class West

Coast Canadian children against which other groups of

children can be compared.

T

While there was concern as to the skewness, and, to a )

lesser extent the kulttosis of some of the COGRO data it Gas

also recognlzed that these factors were beldom reported by

t

other simiiar !;udies. In the fev where they*?ire reported

similar d rees of deviation froa generally accepted values

{(0.00 for skewness and 3.50 for kurtosis) were of a similar

order as found in COGRO. Thus it appeéred”that growth data

in general seems_to vary somevhat from a true normal

distribution.

77777 .

Comparison of theé COGRO data with Manitoba data showed a
surpising degree of uniformity with respect to all variables
considering the size cf the two samples (N=923 for COGRO,

§=59, 793 for Manitoba). It was suggested, therefore, that

the prototypes were well representative of Canadian children.

THE SECULAEK TREND

The prlnCLPal reasco fcr conparlng COGRO data Hlth

==

Manitoba data was to ascertain if the smaller sample was

charactéristic of the larger one. Furthermore, if the COGRO Y

S g b p B R B
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children were taller, one m%ght have speculated on a possible

Asecular trend over the years 1970 to 1978, Most studies of

this trend have occurred over a longer period, and it is °
indeed possible that if a secular trend is still occurring,

it can only ke statistically detected over a 10 - 20 year (or

lodger) period. *his would exﬁLain wﬁ% Karlberg aqd’?hranger

{(1975) found a secular trend in Swedish children féom 1883

“and 1638-9 data compared with their modern study and why
Blanksby et al. (1974) detected the trend in Australian

children from 1940 to 1971 This might also explain why Damon

first suggested that the trend was disappeariﬁg i.e. the time
interval was insuffiéiently long. for change to be detected.
The other factor which could influence these results was also

suggested by Damon, namely, that the trend was finished in

the upper class 651?3 iﬁ@éstiéati&ﬁs 6f,tﬂg7§;culagwgfend ';y
must take this into account and ensure the eguivalént socio-
eccnomic status of samples which are being cqnsideredy
From the ccmparison of COGRO and Manitoba ameans it was
not possible to make any definite statement regarding the
secular trend. In conducting 't' tests at the age where
theréfaas'naxinal difference QEQ!QEQ,thjmilgfgLans,ijuxLJ&u%glggglgf

no significant difference in boy's weigat, or height. In S
7 o 7 Y

each instance, the 18 year old group was not included on the

basis of innocent selection which occurred. After the study,



A’v than the COGEO grougé but belng generally shorter, at the

I o | 1990

© N o - - - »

in consul tation with-the Port Moody Senior school staff, it

was found that the 18 year old boys'from this school were

principally a select basketball group which probably
accounted for the greater height values and deviations froa
an otheruise'smooth'percentilercurve.v Thus while there vere-

some absolute difference= the ‘Manitoba group belng heav1er

same time, thesé differences were not significant.

°

The girl's data was, treated 51m11arly and a sigpnificant -
dlfference was first detected in height -in the- 14 year old

group. While this should have been followed up with an

analysis of variance, this was not possible since suas of
squares could not be calculated from the Manitoba date,

In addition-there were distinct methodological
differences, tetween the two studies.,. The aim of the \

Manitoba study wa$ tc establish norms for height, weight and

- ]

performance and to dchieve this, teachers were used to gather

[

data., It is thus suspected.that a large degree'of

inter-measurer and intef—eguipnent_vaxiability was involved

im the results., While this variability may equally over- and

unher—estinatﬁ values, it was presumed to have been a very

definite source of error.

b o AR (St T
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Fuithérmo:e, in the asss5sment of height, i@,ﬁhe, o
Haniﬁoba stﬁdj; the non-stretéhed value was used (égrrbll,'
1978). 'In the COGEO assessment of this variable,rssretch of
1 to 2 cm. was often obse:ved,‘more cohsistently sorlqtgr'infv

the déy. With the stretch stature iechnique used in COGRO

one would assume maxxnal stature to be achleved with greater

o

frequency than in nanltcba.‘ Hence,,lf anyth;ng, “from a
technical point of -view COGRO children should be slig@tly'
tallec. =+ - B

™

. ) | T f %
Hith the understanding and acceptance of ‘the limitations
of the Hanxtcba results, there Hould“seem to be llttle

justlflcatlon tc suggest that a secular t;end is present

- %

betueen the twc groups in the eight year perlod of 1970—1978.‘

- The only real dlfference betueen the two qroups was in glrls

“«

beight with COGERO girls fron 14° onvards being 31gnaf1cantly

taller than girls of the same age elght years- aqo.

It was mentioned on page.39 of this thesis that VaﬂfT'f'

e
A PR
= -

Hof criticized- the results of cross sectional studies as

being adversely affectedAby cohprt effects (i.e. the secular

-

trend). Fallure to deternlne a secular trend in this study

P

sl

should encourag@ tﬁe use of the cross sectlong; method in the

asses'sment Oof growth and ‘the establishment of nosgttive data.

& v
"?/ e
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hus while a Secular trend in helght and v;;ght was not
demonstrated #in boys aged 6~17, there a eanﬁﬁ to;he a |

ﬁsecularrtrendfgn glrls between 14 _and 18, "with gitls bgéoning

w

%

+ - E o ™o
taller now than in 1970s The reason for this increase needs -

further invesgigaticn including socioépgical studie's.

" INTERNATIONAL COMPARISONS v = 7

- Conditiomns for the groving child différ in warious'

o = =

c6un¢ries. Condltlons uhlcgfvary, do so accordtng to the

econonlc status of the fanliy which 1nf1uences nutrltlon,
11v1ng coniltlons and freedoa froa 111ness;\253d1tlons alsq
varj accordingﬂto the economic stability and degree of

- -

technololgy of‘Q@e country thch deternlnes the basic levels

*of f&mtiy lee; ****** Other- faCtOtS’HhICh —are part-of- themcoapiea

soc1o cultrual gileau 1nfluenc1ng Chlld growth include

=

geograph1CQl area, Chlld rearlnq practlces aad attitudes

which are not independent of econcmlcs but’uhlch nay'not be

b
&

as closely tied to economics as the previously itemized -

factors.

~ ° o

-

Conparlsons of €OGRO, .5.15: Czechoslovakian,‘Swiss and

Eorweglan chlldren within thesﬁ to 18 year age group,

92071ded little evxdence $Q, suggest that within these

countries there were any marked differences in height and



SO S S S P 202

ue‘ghxkof %oys or girls. Thue while thers may be marked
soc1o-cultural dlsszlllarltlec 1n/North Kmerlcan and European
,populat;ons,,there was llttlebev1dence of these/dlfferences

affeotipg child -grewth. r ‘;7

_—

-

3

-

Houever 1n countr1e= where technology 1= less developed,

7 " ST \

as e71denced by Indla,'there appeared to ﬁevmarked ) N

'differences in grewth attainment at each age level, the
- eh;ldren be;ng ‘shorter aad lxghter than Euxopean—aad Eefth .

Alerlcan chllaren of tbe same age. s

I Variabil&ty of genctype iight also ﬁe‘infiuencing child
/""‘“‘,\‘\\ . , -, * . -
;grou;hi'sinbe Ncrth America in particular,, and also some of
the Euroﬁtan countries, have'expéfiehced a migrition

%benoaeno& whlch wlll have contrlbuted ‘to heterosis. This is

S

“sg‘l‘ Inaia where llllted esources bave seen an -“‘

-

enlgratlon rather than an 1nllgrat10n,
Ve

SKINFOLD CHANGES

‘Deposition of fat is associated both with putrition and

i

ni;ﬁxaiioa.‘ Bhlle it wvas unfortunate that menapche data

gould not be collected ;nrthe COGRO® study, it Gould be

> reasqnaply assuled that the average age of menarche is

- 'j k -
approximately 13 years, based on 1975 data of Ross et al.



w

(1976) . Thus in girls, the marked increase in skinfolds at

12 to 15 years could be accounteé for in terms of the

maturation event., There appeared to be no cohsistency in the

pattern of skinfold thicknesses within the boy's data..

-

#hen compared with the Montreal skinfold data it was

.ébvious that theSe measuIes were  greater in the COGRO salpies
ag all’&ges’for bofs in both triceps_and 3UbSTapular sites as
;tiﬁas for girls at all ageégéxcept for the gﬁbscapular
measure atAage 8. -As égnutritional-phenémeﬁpn the
ﬁ\;inpliéation was that .the COGRO children were better .nourished
“than tgose of thetuqntreal sample. However théﬂdiéiding line
between well nourished and over nourished is Subjective and

it might be considered that the C0GO children were indeed

over nourished, — T .

w—

Since there vere nc determined differences in the

methods elplbyéd in the two studies, it would seem that real

differences.were detected over the whole age range. A

similar situation i.e. increases in skinfold measuremgent, .
i N Lt
was observed by Karlberg et al. in their 1976 study when

conparing,thgirmrasﬁl;s”xithgdﬁialigsxudngy;Sannelson. It

n B .-
e dow

et .

might seem that there is a world wide secular trepd in

skipfoldrthiﬁknesses.

N s
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(1978) could cite only fcur papers which in yhol

Overveighi‘attributed»to cver fatness has been proposed

'asbone of the present day health problems in that it has been

linked to cardicvascular disease. On the assumption that

skinfolds refiect the amount of subcutaneous fat, it would

’sheﬁfunuiSe\for scciety to even tacitly encourage large

skinfolds in children. - There is little knowledge on how

childhood fat centent is related to adu;t,kontentﬁ and the
question of whether hypertrophy or hyperplasié of fat tissue
is involved in fat depcsition is §f£&;%}drge1y unresdived.
Intuitively it HouldAseeu vise to'encquragé lqw skinfolds,

s
HEAD CIKCUMFERENCE ASSESSMENT

on the ba51s of its use as a dlagnostlc tool 1n the

detectlon cf 90551b1e grcwth def1c1enc1es 6f the braln or

skull, the measurement of head c1rcuuference shouldaaluays be

made in routlne examination, at least durlng chlldhvod.

There would however seem to be little data with which routine
investigations can be compared. Indeed Epstein apd Epstein
'or pgrt

considered the relationshfp of head circumference and brain

weight. S —

The results expressed in graphic form in figures 21 and

22 indicated differences between the head girths of the COGRO
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children and those of Swedish children of Karlberg and
Téranger (1976) =-/an unexpected result since other paraﬁeterﬁ
of bone growth @ppeared to be quite similar. However because

of the scaling chosen for the graphs the differenc?é appear

soieuhat'uagnified Thus in reality head c1rculfetences in

girls from age 6 to 18 1ncreased by only 3 centlneters in the

-

COGRO salple and by 4 centimeters for girls aged 6 to 16 in

 the Swvedish study. There was a maximum difference of 1

centimeter between the 10 year old girls of the two studiss.
Similar mincr differences were seen in the boy's data.
/ .
There was no indication that a methodological factor was
involved to explain the differences except that the use of a

linen tape in COGRO lay ‘ha ve led to under-estimations of this

’paraleter'lf stretch1ng of the tape occurred uhen strong

pressure was applied in crder to reduce the effect of hair

and soft tissue.

The différence niéht however be due to differences in
hair growth habits since ui;hout the "short back and sides"

cut, boys head circumferepces could be over estimated by the

~

the differences cbserved in those groups. There would appear

to be no reason why cne group should display larger head

circumferences than the other, especially considering the

s. Similarly qir15',Lgigw§glhaijxuudgag§gnnigfnr,;gggf

R T A
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relationship suggested by Epstein and Epstein (1:978) that -
‘head cir;:umference and brain weight are linearly related vhen
expressed to ‘the #hird power of a log - 1log relationship in
both normal arnd naras'nic children from birth to eighteen

years., If brain size is constant between individuals of

' .
various origirs, this would seea to suggest that differences P

are not to be anticipated between international groups. e




VII SUMMARY AND CCNCLUSIONS

From a comprehensive,vcross—sectibnal anthropometric
~investigation of 923 children attending three schools in the

Cogqui tlam District of British Columbia, Canada, 26 age~sex

prototypes were presented as a reference for growth status of
-~

children aged 6 to 18.

Because of the paucity of numbers in several of the age ;
groups, it was considered that the data was not a true |
'population representation, Hence subsequent comparative
studie€ should consider the COGRO data as a sample for the

purpose of statistical evaluation.

-~

Nevertheless, the closeness of the various parameters

with a populaticn of Manitoba children in the same age range,

-

indicated that the imnclusion of very large numbers in

»

n be wasteful of resourses. The

cross-sectional studigs
*ideal!' number o 00 suﬁfécts for both sexes or each age up

as recommended by the committee report of 1971

which wowld seea to be adequate to establisa population

parayéters.




If the CGGEd sanplék{;é/;ndicétive ofr;gém19707;énit;£;
data, there was no evidence of a secular trend. Proponents
of the view that there is a secular trend in western Canada
would have to argue that the 1970 Manitoba, children . were
advanced over the i970 Coquitlam childrén or that'to-day, the

Manitoba children are larger than they were in 1970.

There appeared to be‘little variation 1n'each‘age group
_between childrer from'highly technological ctountries, ﬁ
Howevef in less developed countries as indiCated“by India,‘it
appeared that children were smaller and lighter than those

, . . . ”/
from the countries which were chosen for comparison.

" Skinfold measuremeﬁts‘vere seen to be much larger than
in 1970 in both sexes”andmatvﬁeafiy"gli’age”ieveisiuﬁThé**”f“”"**”'
seriousness of this with regard to the increasing incidents |
of cardiovascular diseasé was considered. #While the concern
is genuine, one mrgpt question. the evidence. Skinfdld values
obtained in uanltoﬁa“by virtually untrained personnel may
indeed reflect a sYstenatlc difference over those obtained by
an experienced anthropomeirist whose,technique,uas such that

the calipers were applled correctly to the double fold skin.

Novice anthropometrists often mlss the true thickness and

underestimate the value, Hevertheless, there is a

™\

possibility that the values do indeed indicate a move to



over-nutrition and obesity and téls, of course, nust be
sub]ect tc further study. The rzutlne mqéjf%rlng of this
measurement for the continual assessment of over nutrition

\

vas recommended, , &5

The significance of head gifth circumference was
discussed in the light Cf normal skull and,Etainfdeveldbéeﬁi?ﬂ7thkﬂg%A
Children in excess of 2 standard deviationé‘ffom the méan
should be more thoroughly screened to rule out the . L
possibility of retarded nentalvdévelopment. While several
studies use only height aﬁd weight in growth sutveys, it
shéuld.be recognized that other’anthropometric data can be of

value in assessing the physical status, thereby maintaining

those factors which influence growth. The height, weight,

skinfold and head size data perhaps could be used to pilot a
health apprasial and counselling program, Cer}ainly, such a -
follow up would be a lcgical expression of Hhai apbeargzto be
a'strong commitment to health and an active lifestyié which

has been an emphasis in the school district for the last s

several years.

An anc1llary study usxng data pr071ded by Paulkner on

under-12 outstandlng female flgure akaters was used to

demonstrate the use of the COGRO data in comparing children

with their age-sex protctypes.

p

bRl -
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To faciggtate prcfile ccmparisons when means and
standard deviations are presented for proportionality
assessment, 1t was recommended tﬁatAall anthropometric B\
studiesvincluaé means and standard deyiations for z-values,

as derived frcm the Ross, Wilson formula.

Significant differences using a paired *'t' test of
. ¥
uncorrelated samples indicated absolute differences and
specific proportionality characteristics of under-12 figure

skaters when compared with the appropriate age-sex prototype.

It was considered that the prototypes developed in this

study were suitable for use as the basis for child growth and

c

in the assessment of structural differences and Specifi
proportionality characteristics of athletic groups which can
be used as basic information for the counselling of young

athletes in their pdrsuit of excellence.

- COGRO joins with similar types of surveys such as MOGAP

(nontreal Olyspic Games Anthroponetribal Project) and CANSIN

{Canadian Sychronized SWwimmers Project) in providing a wealth

of information r€garding the humsan form. It was

complenentary tc these surveys in that it dealt with the

developing child and gave rise to prototypes which can be

A -



e

-
\o

uﬁed in monitcring nutrition and the other factors which are

kpown to influence growth, while at the same tiae furnishing

the field of sports science with a means to identify those

physical characteristics which are specific +to young

rerformers in various sgorting endeavours.
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COQUITLAM GROWTH STUDY

' ‘Kinahthropometric Research Unit

Department of Kinesiology

Simon Fraser University
.

Children grow up only once. During the transition periodfftom child
to adult, they undergo many changes. Understanding these changes,-whet —e
they be physiological, emotional, or any other allows us to insure that the
growing up process is as happy and satisfying as possible. There is much
information available on the psychological aspects of child growth, However,
there 1is far less known agout the equally iﬁportaﬁt area of physical and |
physiological growth. It is to help fill this void that we propose the
Coquitlam Growth Study.

During the last two weeks of January approximately 2000 students in
three Coquitlam schools (grade range from K to 12) will be put through a
series of measurements and tests. The large number of students required is

due to the cros:;;sg?ional, or "one time only" type of study which demands

The first partmbf

that an adequate”Bample in each age range be evaluated.
- the stﬁay will be anthropometric. Thirty body measurements (lengths,'breadths;
widths, girths, énd skinfolds) will be taken on each student. The second part
of the study will consist of a series of four physical performance tests, one
for throwing, one for running, and two for jumping. In both parts of the
study, all measurements will be taken by'competent and experienced investiga-
tors and at no time will any student be subjectéd to a situation that he or
shg might find traumatic. Each student will be given a copy of his or her

individual results with an accompanying explanation.

A number of important-products will result. For example, the size data
alone will. give'us one of the best anthropometrically evaluated norm groups in

the world. Any school board wishing a vehicle with which to monitor the growth

of its own students (for an obesity screening programme, for example) would be

able to draw on the resources of this study for such purposes. -

~ Please contact us in the Dept. of Kinesioiogy, S.F.U., if you have any

questions.
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= »CQQUITLAM:GROWTHSTUDY e —

. Kinanthropometric Res;amh Unit
© ~Department of Kinasiology
Simon Fraser Unmiversity

01, Sungect - ) ‘ 111

(Lot Mo} (Given Name) '

03, Identity 7Sex =0, m=1; 8checker number

DIN B =

.Date of observations Yeor rno.D:
[T mo.[ T

o4
06. Date of birth Year X
08; Body weight HEEN

L]

s
é §
aas
{

. "Height (cm)

07
08. Triceps sf = | | 1 | T . T N

09. Subscapular st | | b ot . ] M ’
10. Suprailisc sf SN O OO N ]

11. Abdominael sf I T I D I R DO S

12 Fromethighst = { .t f 0 L1t Ll

13. Medisicalf sf . o

114, Acromisl height
15. Radial height ) 0 T S SO
18. Stylion height i SO IO TR S I S DO S S
17. Dactylion height __
18. Tibial (lateral) height IS O O j -
19. Spinsle height (anterior - superiorspine) __ | | | t 1| | | t |
20. Giluteals height (sacral-coccygeal) -

985588888y
|

21. Subject

122 Cord Number -
23. Arm girth relaxed N

24. Arm girth fiexed and tensed
25. Forserm girth (maximum relaxed) e
28, Wrist girth (proximal styloid processed) '
27. Chaest girth (mesosternal)
28  Waist girth (min. circ)
29 Thigh girth (1 cm distal gluteel line) )
30. Caif girth {max circ) - '
| 31, Ankle girth

32. Biacromial breadth
33. Biilochristal bresdth
34. Transverse chest
{35 Foot length (akropodion ptemion)
37 Bi-epicondyiar femur width ~ N
]38, Sitting height '
39.  Anterior-posterior chest depth
40 Head girth .
41 Neck girth

]
|
|
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' COGRO FENALES AGE 1T =~ WT ) : .
MEAN VALUE | 39.12 ' o | :
SE (MEAN) 2.09 | f .
VARIANCE - 104335 _ THE DESCRIPTIVE STATISTICS
STANDARD DEVIATION ~ 10,22 ~ COMPUTED ARE ADJUSTED (n-1)

SE(SD DEVIATION) ~ 1.47  SAMPLE STATISTICS.

MAXINON - 68.60 '

MININUM - 23.30

RANGE: o 45,30

SYMMETRY---VETA- 1 0.88 | S
KURTOSIS---VETA 11 3.75 7 A o
COEF. OF VARIATION 26.11% )

NUMBER OF SUBJECTS 24 .

' RA¥ PEBCENRTILES #;-‘q SMOOTHED PERCENTILES
99TH 69.04 99TH o 72.20
98TH T 68.56 . . 98TH . 66.5u
97TH .. 55.60 97TH : 63.20
9STH 49.60 95TH 58.96
90TH - 48.40 90TH 53.08
85TH 47,20 ‘ 85TH 49,51
80TH 46.00 80TH - 45,92

_I5TH 43.20 B 5TH ¢« 44,81 -
70TH 42.40 70TH 43,04
65TH 40.80 . 65TH ~ 41,48
60TH 39.20 - A - 60TH 40.08
55TH - 38.00 . 55TH . 38.79 i
50TH 36.80 50Td . 37.57
45TH - 35.20 - 45TH _~"35.40
40TH 7 33.40 40TH - 35.28
35TH 3z.20 35TH 34,17
30TH 31.33 i 30TH 33.06
25TH 30.53 25TH - 31.91
20TH . 29.60 20TH 30.69
1STH 28.40 15TH 29.36
10TH 26,40 " 10TH 27.79

STH 23.44 5TH 25.64
3BD 22.96 ' 3RD 24,34
28D 22.48 2§D : 23,42

st 22.00

1ST 0.00



e ”'7"'""77‘;; T 24‘”8;7’; -

Ewf?

COGRO FEMALES AGE 11 HT
MEAN VALUE 145f;§
SE (MEAN) , 1.59 )
VARIANCE ’ 60.56 THE DESCRIPTIVE STATISTICS
STANDARD DEVIATION 7.78 COMPUTED ARE ADJUSTED (N-1)

SAMPLE STATISTICS

MAXIMUM 155.40 .
MININUN 131.50 :
RANGE 23.90 o e
SYMMETRY--VETA 1 -0.16
KURTOSIS---VETA 11 1.56
COEF. OF VARIATION 5.36%

NOMBER OF SUBJECTS 24

RAW PERCENTILES SMOOTHED PERCENTILES
99TH 156.68 . 99TH 156,02

98TH 156.52 98TH 156.97

97TH 156.20 x 97TH 157. 16

95TH 155.40 - 95TH 156.97

90TH . 154.40 90TH 155.73

85TH- 153.20 85TH : 154, 34 ,
. 80TH 0 152.33  BOTH . 152.99 . o
75TH 151.53 75TH ~ 151.66 |
70TH 150.20 . 70TH 150, 37

65TH 147.80 - B5TH 149,10

60TH 146 .47 ’ 60TH - 147.85

55TH 145.67 - S5TH 145,61

SOTH 142,87 = - 50TH ' 154,35 -

4STH 142,07 45TH 144,09

40TH 141,27 : 40TH 142,81

35TH 140.20 35TH:. 141,50

30TH 139.00 j 30TH 140. 14

25TH 136.60 , 25TH . - 138,72

20TH 134,73 20TH 137.22
. 15TH 133.93 ‘ 15T - 135.62

10TH 133,13 , 10TH. \ 133.90 ‘

STH 132,44 ¢ : 2 S5TH : 132,14 N

3RD 131.96 - ." 3RD . 131.63 - )
2§D 131.48 - 28D . 131,64 : g

0 - 132,39

s - . 0.00 * 18T

*
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