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ABSTRACT  Saze and shaps are imponant factors in the
study of buman growth. Growih differentiation and gradi-
ents enable the body dimensions w arrdve at the final shee
and shape. These size and shape changes are accounted For
with the help of 23 body dimensgions and 15 indices among
Q0 Bhil boys of Rajasthan spread over ning age-groups,
the inifial being |1+ years and the adull being 194+ years.
The results of the study indicate that relative changes in
growith of various body measurements reveal greaster chang-
es gccurming in volume (weight) first, followed by breadths,
girths and linear dimengions. The head and facial measune-
ments register the least changes.

INTRODUCTION

Growth study has an imporiant place in the
study of individual differences in size and
shape, Many of these arise through differential
rates of growth of particular parts of the body
relative o others (Tanner, 1977). There exists
definite growth differentiation and relation-
ship between different parts of the body during
the growth pericd. An overall growth formula
for the post-natal growth differentiation of the
human body is 2-3-4-5, i.e.. head and neck di-
mensions increase by two times, trunk by three
times, arms by four times and legs by five
times. Growth differentiation is, therefore, part
of total size, shape and proportion of total
growth of various growth characteristics (Krog-
man, 1972). Thompson (1917) has first studied
shape changes through "transformation’ grids.
This has led to the application of a laborious
photographic method of studying shapes (Tan-
ner, 1953), Huxley (1932) has defined shape in
terms of relationship between a pair of measure-
ments of body segments, thus generating the
idea of hivariate allometry. Anthony Harris
(1978} is of the view that the differential growth

in growth characters s also reflected in shape
changes. Further, these shape changes can also
be better understood through percentage chang-
cs occurring in every body dimension before
armiving at the final shape. He has shown a way
Lo caleulate size and shape factors, which arc
much useful in the study of size and shape
changes, However, the difficulty lies in mea-
suring change in shape. Many questions on dif-
ferential growth remain open because we still
have insufficient data to answer them (Tanner,
1972, Anithony Harris, 1978). Change in the
ratios of two absolute measurements suggesis
shape changes, but linding the factors affecting
shape; not definitely found yet, may solve many
prohlems of measuring change. Studies con-
cerning body size and shape, particularly from
India, are rather scarce {Sharma, 1970; Nath,
1975, Reddy, 1980, 1989), It is therefore con-
sidered useful to observe the shape changes
through various body indices by means of the
proporction (shape) factor, The present paper
is in this direction, focusing on the changes in
the body proportions resulting from differen-
tial growth of different body dimensions
through size and shape factors during adoles-
cence among Bhil boys of Rajasthan.

MATERIALS AND METHODS

The materials for the present study are Bhils,
the largest tribal group in India, and the samples
are drawn from the Udaipur district of Rajast-
han who are environmentally better-ofT than
others. Nine hundred boys spread over 9 year-
Iy ape-groups, ie.. 100 bovs in each age group,
from 1 I+ years to 19+ yvears are considered.
Thus, the data are drawn cross-sectionally by
using purposive sampling. Twenty three mea-
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surements are considered for relative changes
in size and 15 indices are considered for high-
lighting relative changes in shape. Data on
growth of different body characteristics have
heen presenied and discussed elsewhere (Red-
dy. [989). All body measurements have been
taken from each subject by using standard tech-
miques (Singh and Bhasin, 1989, Weiner and
Lourie, 1969). Suitable statistical methods are
employed Lo describe percentage change in
growth characters and 1o identify size and shape
factors.

The following formulae are used to calculate
percentage change in a growth character and to
identify a size factor, following Anthony Har-
ris { 1978). Similarly, for calculating percentage
change and shape factor a new approach is at-
tempied as described hereunder for the first
tfime.

I. Size :
Measurement - Walue af the
value &1 19+ years  measurement
i.Perceniage at |1+ years
change = x 100
Walwe a1 11+ years
Perceniage change
ii. Growth (size) facior =
Percentage change in Height
1L Shape:
Mean Index value - Mean walue ar
i. Percentage @l [9% years 11+ VEATE
change - z 100
Mean Index value # |1+ years
Percentage change in
ii. Propartion proporton growih

(shape) factor =
Percentage change in Heighi-
“Weight Index (Rohrer's)

RESULTS AND DISCUSSION

The results of size and shape changes duc
to proportional growth between various body
dimensions ane presented in table | and 2 and
hgures | and 2. The relative changes in growih
of adolescent Bhil boys for various measure-

KM, REDDY AND 5. YOUSUF BASHA

Tahle 1: Relative changes in growth (size) of sdoleseent
Bhil boys for varicus measurements

Befiere  After  Per- Growth

midvle:  adiles cenigge  [tize)
Megruremmenti mamee goence  changs  faclor

i+ [+

years)  years)
Wilght 431 4923 05 403
Chaesi breadih fems)h 1850 57T 335 1L4e
Bitrocksnierie hreadih 238 IB9E 355F 13e
Ugper arm girth 169 .72 371 L%
Eiilincristal hreasdih 1994 2606 3252 1.3
Chest depih 1392 1835 3R} 1L
Bincromial breadth IE2 3633 LS 11
Calf girth DT s 340 LB
Chest cimcumberence Gl.14 7968 M 122
Lower extremity leagih 6305 BOLID 2704 109
Trunk height 4149 S545% 158 L
Stalure 13033 16397 2485 100
Upper exrremity length 6135 TE04 2400 0e7
Shiting helght vemex 6828 ELEY 12183 092
Head s meck height 2467 ME4 2005 0E
Higonial breadih B0 10Xy 1354 054
Tutal facial height DAY 10% 1082 042
Hizypomatic hreadib FLER 1300 1008 041
Upper facial height 6,21 685 1003 041
Head length 1206 138D S&T Qi3
Head circumference 41 5306 5446 032

Minimum frontal hresdib 991 1044 535 020

ments are shown in table | and figure 1. Consid-
ering size factor as proportion belween percent-
age change of a character and percentage
change in height, table | and figure 2 show that
as many as eleven body characters have out-
stripped height change by a factor of 4,13 to
1.03 in order of their growth factor, respective-
ly. These growth characters are, volume (body
weight) and most of the breadth and girth mea-
surements followed by few linear measure-
ments such as lower extremity length and trunk
height. Few linear measurements, Upper ex-
tremity length, Sitting height vertex and head
and neck height have shown a growth factor of
less than one. All the head and facial measure-
ments have established the least percentage of
size change and a size factor of 0.54 1o 0.21.
This indicates growth gradients in body char-
acters as well differential growth (size) factor.
These results are well corroborated with the
direct analyses of percentage change in growth
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Table I: Relative changes in proporiion growth (shape)
of adabescent Bhil hoys for various body indi-

(427
fndex Index  Per- Prope
Indices vl o vl o cemlage  onliow
s layears %4 pears change [shape]
Savrer
I Linear vs Voleme -
1. Fohrer's Index (RIY 1,07 112 467 LOD
It Linear vt Linear ©
I

Siling Height Siaure 203 5L -1e3 R3S

Index (SHE1

2. Trunk Height Stature WOl 112% 054 DOl
Index (THSI)

3. Lower Extremily Slawre 4801 4506 L7 X
Index (LESI)

4 Upper Exremity Savme 4670 4640 066 D04
Index (LIESI)

I, Lingar va Tranaverse ;

. Biilipcrizis! Breadeh 1503 1596 G190 133
Stavere Isdex (BIBSI)

1. Balrochaniene Breadih 1621 1768 LI
Stabwe [adin (BUBSI)

1. Buacromaal Breadih .8 ILie 465 0
Statvere lndex (BalESIy

IV, Lingar vy Ginthe -

1. Head Circumdenence 1 T T T ) [T
Suabere [ndex (HCSIH

2. Chest Circumizresce 4657 4463 443 095
Stature Index (CC510

3. Upper Arm Girth Siawee 1294 1368 0 ] I I
Index (LAGST)

4. Chest Ginb Sisure
b, (TGS

V' Girths vr Girths

1. Calf Garth Chest MEr  ME2 ags ool
Circomlerence Indes
(CGOCT)

1. Upper Arm Girth Chest 1. 150 55 058
Circusnference Index
{UAGCCT

5. Upper Arm Girth Calf TLTF 7344 L4l [s

Ganth [aces (UAGCGH)

1806 1887 449 0%

* yr = verius

of body dimensions between 114 and 194 years
(Fig.2). Itis now interesting (o see the relative
changes in preportion growth in relation o
shape factors of various indices of body dimen-
sions. The proportion factor (shape) is the out-
come of the relation beiween percentage
change in an index from the initial, Le., 11+
years, (o the final age, i.e., 19+ years, and a
common value of percentage change in height-

weight index. Having specified thus, shape
changes can be deciphered through the respec-
tive proportion factors. Further, a common val-
ue of percentage change in height-weight index,
especially of Rohrer's, is used because height
and weight are composite measurements and
are related to all segments of the body, equally
and proportionally. Hence, this index, namely
Rohrer's Index (RI) has been employed as a
constant for obtaining all other shape factors,
The Rohrer's Index is betier suited over all other
height-weight indices due to the fact that height
is only a linear measurement while weight rep-
resents the body volume, requiring that these
uncomparable units are to be brought 1o com-
parahle units by converting the weight in grams
and cubing the height in cms, thus making them
more comparable and dependable units than
other related indices of height-weight. The rel-
ative changes in proportion growth as well as
changes in the shape factor indicate the propor-
tional changes occurring in various body di-
mensions during adolescence (Table 2 and Fig.
3). Considering the relation of the height-
weight Index of Rohrer as a common shape Tac-
tor throughout the growth period between 11+
vears, 1o 194 years, its relation with other indi-
ces involving various body dimensions like,
linear vs linear, linear v transverse, linear vr
girths and girths vs girths will give us the total-
ity of shape changes occurring in relation o size
during the growth period, ie., adolescence.
The relative percentage changes in shape occur
miere than the change in height-weight percent-
age change (4.67) in BIBST (9.07) outstripping
the height-weight change to as much as to its
double; followed by BiBSI (6.19), BaBSI
{4.63) and UAGSI (1.52). The remaining all
other indices, however show lower values 1o
that of height-weight percentage change.
From table 2 and figure 3 it can be surmised
that the lincar vs transverse indices like BiBSI
and BiBSI[ have outstripped height-weight pro-
portions to 1.94 and 1,33 shape factor; followed
by linear vs girths namely UAGST (1.52) and
again linear vs transverse namely BaBSI1(0.99).
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Fercentage change in grewth
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Fig. |. Percentuge change in growih of various hady dimensions between 11+ & 19+ years
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Fig. L. Changes in size factors of varions body dimensions in order of sequence from inltial age (11+ years) to final
age {19+ years)
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Fig. 3. Changes in shaps factors of various body indices in order of sequence from initial age (11+ years) to finsl
age (194 vears)

Mext 1o these shape factors are again linear vs
girth indices, namely CGSI (0.96) and CCS1
(0.95); lollowed by girths vs girths namely
UAGCCI (0.55) and UAGCGI (0.52). Finally
a small negligible amount of positive shape fac-
tors are seen between linear vs linear, e, LESI
{0.38) and THSI (0.12).

Besides the above, it is also quite inleresting
to note that the negative shape factors have also
been established namely between linear vs girths,
HCSI (-3.36); remaining all between linear vs
linear namely, SHSI {-0.35) and UESI {-0.14)
indicating early completion of shape age for head
circumference, trunk, head and neck and upper
extremities in order of sequence (Fig.3).

The foregoing results explain to us the fol-
lowing shape changes in relation to the size of
the body. Itis expected that by the end of growth
period i.e., 19+ years, a definite size and shape
of the hody take place (Fig.4). The shape
changes occur mainly at the regions of hips,
arms, shoulders, chest and legs in order of se-
quence (Fig.5). These changes in proportion
factors (shape) would provide a proper shape (o
the size attained at 19+ yvears, Thus, the shape
of the body tends to be transformed from linear-
ity to bulkiness during adolescence (Fig. 4 and
5). This is apparent not only in the height-
weight relation during the growth period of 11+
years 1o 19+ years, but also the height-weight
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1+ 13+ o+ 19+
YEars years years vyears

Fig. 4. Size und shape changes from childhood to adulthood (11+ o 19+ vears)

Shoulders ( 3)
——chest (4 )

Hips (1)

——Legs (§)

Fig. 5. Shape changes during ndolescence in order of sequence (1,2,3,4,5)
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relation put together combined with other shape
factors like, hips, arms, shoulders, chest and

legs.
REFERENCES

Anthomy Harris, ; Humar Measurement. Heinemann Ed-
ucational Books (1978)

Huxley. 1.5 Problems of Relarive Growrh. Methuen,
London {1932

Erogman, W M. Child Growk, The University of Mich-
igan Press, Ann Arbor (19720,

Math, 5.: Cephalocaudal and Caudocephalic direciion of
growith: A Swdy on the Jat Populaticn, India: Acrs
Med. Auvol, 70 225-226 (1975)

Reddy. K.M.: Grovwrh and Physicel Changes During Ado-
fescence Among Bhils Boys in Udaipur District of
Fajasthan, Unpublished Ph.D. Thesis submitted te
Sri Venkateswara University, Tirupati, Andhra

Pradesh (180},

Reddy, KN Growh ard Physical Changes Daring Ado-
lescerce Among Bhil Bave in Udaiprr District of Ra-
gusrhan, Memoir Mo 82, Anthropolagical Survey af
India, Government of India. Calcutta - 700 014
{1985},

Sharma, J.C.0 Physicol Growh and Development of the
Muharasiriars. Ethnogrophic and Folk Colture Soci-
ety, UP. Lucknow, Tndia (1970),

Singh, LP. and Bhasin, M. K : Arthropomerry. Kamla-Raj
Enmerprises, Delhi, Beprinted {1989,

Tanner, .M. Lect. Sei. Basis Med., 1: 308 (1953},

Tanner, .M. : Human growih and constifution. pp.299-
355, In: Human Bislogy, Harrison ef al (Eds.). Ox-
ford University Press (19770,

Thompson, [¥ Arcy. | Or Growh and Foem, Cambridge
University Prass (1917).

Weiner, 1.5, and Lourie, J A Human Bislogy: A Guide
10 Field Methods. |BF Hand Book Mo, 9. Blackwell
Scientific Publications, Oxford {1969).





