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ABSTRACT  Besults of growth data on number of
body dimensions (23 measurements) among adobescent
Bhil boys of Rajasthan {11+ years w0 1%+ years) have
been subpected b multivasiate distance analyses by ap-
plying four different Tormuolations @ (1) the mean por-
cenizge growth of all body dimensions in each yearly
ape a8 mean multvanate distance (MM, (2) The av-
erage proportion of increment of all body dimensions
between ages, called the co-efficient of propomion
growah (CPG). (3) average ratio of mean differences of
all bady dimensions berween apges, called the co-effi-
cient of standardized growth (C5G). and (4) average
value of ihe critical ratio or 't for all messurements be-
tween all ages, called T-distamce. The resulis of these
multivariate distance analyses of all measurements
among adolescent Bhil boys indicaie an intermediace
growth pariern between Linear (e.g. height) and trams-
virse (bulk. g weight and odhers) prowth curves. Fur-
ther, the combined effect of all the measwrements exhib-
iz & sharp sdolescent spurt beiween 14+ and 15+ years
followed by & sharp decline of growth rate and a final
and slow increase mdicating a comtinous growth of
soae body dimensions characterise the overall adoles-
cent growth of Bhil boys. The wse and application of
multivariate diztance analyses for growth is discussed.

INTRODUCTION

Study on growth involves body as a whole
and also all external dimensions. It is usual
practice o consider ceriain composite measure-
ments, like, stature and weight, as a means to
study the body as a whole and few others, like,
sitting height vertex and certain girths for de-
seribing the growth of external dimenzions
{L.C.M.R., 1972; Singh, 1970; Kaul and Ny-
amongo, 1990). Some others have used large
number of measurements to study the growth
trends of various body segments or dimensions
during the growth period or particular phase of
growth, like, juvenile growth and adolescent

crowth (Sharma, 1970 and Reddy, 1980, 1989,
It is noticed that there exists growth differenti-
atipn in hody characters and also gradients of
growth in attaining the maturity of growth char-
gcters (Krogman, 1972; Tanner, 1962, 1978).
However, the general pattern of growth curve
for all morphological dimensions is sigmoid in
nature { Scammaon, 1927). Further, considering
the above, it is imporant to note that the mag-
nitude of growth of a boedy character is impor-
tant though it differs with others during the
growth period. The combined effect of growth
of all body dimensions is important to under-
stand the process of growth further. This can
only be studied by subjecting the measuremen-
tal values of all body dimensions to multivari-
ate distance analyses (Reddy, 1980), The use
and application of multivariate distance anal-
vses 1o growth study has already been empha-
sised (Reddy, 1980; Reddy, and Mukherjee,
1981 and Mukherjee, 1989, This is an integrat-
ed measure of all body dimensions put togeth-
er and see their changes during the growth pe-
riod. The present paper is in this direction o
design the method of multivariate distance 1o
growth data and describe the use of such anal-
yses for understanding the growth in its holis-

Llic perspective.
MATERIALS AND METHODS

The materials for the present study are Bhils,
the largest tribal group in India, and the samples
are drawn from Udaipur district in Rajasthan
who have environmentally better-off over oth-
ers. 900 boys spread over 9 yearly age-groups,
i.e., 100 boys ineach age group, from 11+ years
to 19+ years are considered, Thus, the data have
been drawn cross-sectionally by using purpo-
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sive sampling. The following measurements
(growth characiers) are taken on each boy and
all measurements and definitions of landmarks
are taken after Singh and Bhasin (1989) and
Weiner and Lourie (1969),

. Weight
. Siarure .
- Silting Height Yertex

. Trunk Heighi

. Head and Meck Height
Upper Extremity Lengih
Lower Extremity Length
Bizcromial Breadch

. Bi-iliocristal Breadth
Bi-trochanteric Breadih
Chess Breadth

Chest Depth

Upper Arm

Calf

Chest

Head

Head Length

. Head Breadth
Mindmum Frontal Breadth
Bizygomatic Breadth
Bigonial Breadth
Maorphological Facial
Height

Morphological Upper
Facial Height

Stasivical Analyres of Growth Data

1. Composite
e unEments

2. Ventical or limear -
MEAsUrEments

3. Transverse
MERSUreIments

4, Girth
MeRsurements

il ol e o LR R

5. Head and Face
MmiEasUrements

L

-

The growth of each of the 23 physical measurements
beiween subsequent years of age has been siudied by ob-
taining the differences of arithmetical means between the
successive age-groups. The basic growth curves kmown as
distance curves are draown by plotting the means of each age
and connecting successive points by & siraight line. The
slopes of these curves belween subsequent age-groups as-
sees the relative rates or velocity of growth. The Increment
at each age from the previous age-group is also studied by
drawing the increment curves. These have been agadn con-
verted into percentages of the means of the lower age and
ploaed 1o indicate the velocity of growth. The standard er-
rofs of the means for each age-group have also been calcu-
lased. The significance of the increment beiwesn sueces-
sive age groups is tested by using the modified i-iest, as
follows.

Hl _HI
P = — RN .
1.|§.Ii|2 +5E}

Where, M, and 5.E, are the mean standard exror of mean
of the higher age-groap and M, and 5_E, are the mean and
sandard error of the mean in the lower age-group. The -
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test ks assumed o be applicable in view of the non-signifi-
cant differences between variances in successive ages and
no apparent deviations of the distributions from normality
im almost all measurements. The trends of age changes arc
also conskdered even when the differences are not large
enough o show significance ar 0.5 level of probability.

The increments in each year from the previous lower
age-group have again been expressed as propomions of
standard deviations of measarements in the lower age.
These values of mean differences divided by standard de-
¥iations of the lower age-groups when multiplied by 100
become equivalent 1o Mollison's deviation index, DI (Mi-
ira, 1951).

MI_MI
Ol — = 100 ... (E)
S0

1

These valees of deviation index are plotred for all the
dimensions and Wapgenxel's (1931 morphological profile
for each age is obtained by jodning adjacent points by
straight lines.

The present data on growth of 23 different bady dimen-
siona displaying differeatial rhythm and time of peak ve-
locities hawe been combined together o examing how far a
pattern of overall growth in the adolescent Bhil boys and
definite age of adolescent spurt stc., can be brought oat.
This can be considered as a preliminary atempd 1o soody
multivariate (multidimensional) growth by combinkng the
univarinte datn. The averages of the rates of increment per
year expressed as % (percenis of means or a8 ratios of ibe
standard deviations of lower age-groups have been used as
measures of (multivariate comblned of mult dimensional)
growih berween pairs of panicular age-groups.

The average rates of growth of all measurements be-
Pwcen ANy W0 Years may serve as a measure of multivari-
ate distance (of growith) betwesn those years, in the same
way & the Clarke's (1952) co-efficient of diverpenas (CTD),
derived from the following formuls, measures multivari-
ate distance betwesn two popalatkons.

M, -M, ]T

CD =

¥

where, M, and M, are the means of the first and second
populstions respectively and 'v' is 1he number of variables
of iraits studied. Since in the comparison between popula-
tions (M - MWW, Tor some trails may be positive and for
some olhers negative, it is necessary 1o squane ‘the mean dif-
ferences expressed ac a ratlo of one of the means 1o give
equal weight 1o both positive and nagative differences,
While applying the same concept of multivariate distance
to growih data in the present study i has not been felt nec-
egsary 1o square the mean difTerences expressed as ratio of
the lower mean, The formala, is found suitable. In the ab-
sence of negative value of (M, -M,) where M, is the mean
of higher age-group and M, that of a lower age-group. The
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v In the formuln represems the sumber of variables or
s, Similarly, the formula,

M, - M,
Coefficient ol L——— n 0O

percent growih M,

(CPG) = —— PR | 1]

L
gives a muliivariate distance when the mean differences are
expressed as ratios of the standard deviations of the lower
age-group and v’ the number of v ariables or raite, The dif-
feremces of this formula with that of CRL (Pearson, 1'926)
i& that the expression, (M - MPS.D, s replaced by (M -
MWD Itis not found necessary 1o square the expression

( M -M, )
Coefficient of z

stamdardised S0,
growth (C8G) = e R | ;4

i

since thearetically M = M, in growth data. This measure is
referred 1o as cocfficient of standardised growth (CSG).

A third measure of distance is derived by the formula,

T=%uiv S| ]

where "' is the critical ratio (refer bo formula A) and *v'
is the numiber of varables of iraiis. The ™1 values give estl-
mates of univarkate distance also because the sample size
of different age-groups ane equal,

The three multivariate distance curves of growih using
(13 CPG, (21 OS50, which takes account of the variability of
the trairs, and (3) T-distance, which considers the standard
errors of means, are studicd fo observe the trends of com-
bimed growth of measuwrements showing difference pallerns
and gradients of growth. These multivariate measures are
used po estimate the owerall patierns of arowih and the pe-
riod of overall sdolescent spun, nssuming that the mesasure-
miats studied fairly represent the dimensional changes in
the human body in fhe period of adelescent growth.

RESULTS AND DISCUSSION

The means, SDs, SEs and “t" walues for 23
body measurements are given in table | 1o 4 and
the distance and increment curves for stature
and weight are given in figure 1 and 2 for bet-
ter understanding and interpretation of various
multivariate distance curves. The growth of
other body dimensions has been discussed else-
where. An attempt has been made to bring out
the combined growth patterns of different body
dimensions in view of some general similarity
in the patiern of growth among linear, rans-
verse, and girth measurements and in the dme
of adolescent spurt of all body characters. A

multivariate distance curve (Fig. 3) has been
obtained by plotting the percentage of growth
in each yearly age from all the dimensions at-
tained at 11+ year of age (Table 5). The growth
curve thus appear to resemble the carves ob-
tained for growth of weight and transverse mea-
surements as expected. It is a sigmoid curve
and the upper end shows an upward trend in-
stead of an asymptote. The velocity curves of
muliidimensional (tolal) growth are also ob-
tained by averaging - (1) the t-values for mean
differences of different traits betweon succes-
sive vears (Fig. 4); (2) the per cent rates of
growih (CPG) of different traits between suc-
cessive ages (Fig. 5) and also (3) the standard-
ised increments or CSG (Fig, 6) (i.e., the incre-
ments of different traits expressed in terms of
the respective standard deviations of the mea-
surements of the previous years of age) of dif-
ferent traits between specific pairs of successive
ages, The velocity curves obtained by using
these formulae show a general resemblance
with that for weight and height. The trend of
rising growth rate in the last year of the age-
range resembles the growth pattern of weight
and the sharp adolescent spurt between 14+ and
154 years is obtained similar to that in height.
There is also a small peak of velocity betwen
16+ and 1 7+ vears as noted for most of the traits
im this sample.

The use of multivariate distance method for
the dynamic processes like human growth bears
fruit as these analyses bring out sharply the
combined growth of various body dimensions
between several age-groups though there exists
growth differentiation and growth gradients
among body characters. Further, the "distance
curve' of growth is merely a representation of
mean differences of a specific measurement
between aseries of successive age groups which
cannot be compared between different mea-
surements or between different periods for the
same measurement, This difficulty can be re-
moved by dividing the mean differences by the
mean or variance of the early age and this has
been successfully deviced and used in the
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Table 1 : Means of growth characieristics in each year of age

Growih Characterisfics Age in years

1+ 12+ I3+ I+ 15+ 1o+ IT+ T8+ 19+
Height vertex 131.33 13477 13984 14674 15520 15952 162.85 16353 16397
Sitting height vertex 68,28 69,94 T1.80 75.41 79.51 ElL6Y HIGE &35SI E187
Trunk height 4349 4408 44.80  47.41 51.47 5302 5419 5456 5459
Upper extremity length 61.3% 6168 65.20 68,62 72,10 424  T57%  T5E4 T&.14
Lower extremity length 63.05 64,85 | 6R.TE 701,33 T5.69 TRID  TO.RT  BD.OZ BOLD1
Head amd neck height 2467 1535 2577 26,49 167 28.47 2882 0,17 29,64
Welght 24.31 2545 2783 3LIA 3897 418D 4477 48B4 4023
Biacromial breadth 27H2  IR3E 2944 3095 304 3333 379 353) 36.33
Biiliscrigial breadth 1974 W36 20141 2284 2425 MEBY 2544 257X 2606
Bitrochanteric breadih 21.38 207 2314 470 2690 2746 2802 2835 2898
Chest breadth 1890 1946  20.61 214 R0 2375 M46 4T4 25T
Chest depth 1392 14.35 14,74 15.53 16.79 1713 1760 1782 18.35
Chest clrcumierence 1614  624% 6455 6776 TLR4 T4BI  Tens  T7EL T9.60
Upper arm girth 16.99 17.11 17.53 1863 2017 02 2170 22.02 22.72
Calfl girth 2371 23.93 a8 2597 27.98 2865  294% 2993 3094
Head length 16,86 16,95 Ir.o% 1719 17.40 1744 1746  17.65 17.88
Head breadth 13,06 1318 13.27 1334 13.42 1349 1338 1369 13,80
Head circumference 5041 5059 50076 51.32 5201 5244 5268 53O0 5318
Minimum fromtal breadih Q.91 9% 1001 10.1% 10.25 1033 10,35 10,43 10.44
Rizygomatic breadih 11.8% 12.09 1213 12,37 12,63 12,78 12,95 12.99 13.10
Bigonial breadih Q.01 a7 923 538 .58 2.73 289 1001 10.23
Total facial heighe 989 10.03 10.65 .17 10,54 I6T 1085 1090 10,96
U ppeer facial helght 6.22 6.0 6,39 6,40 6.54 660 6,76 652 685

Table 2 : Standard errors of growth charscleristics in each year of age

Growth Characrerisiics ﬂ? in years

i+ 12+ 13+ T4+ 15+ 1o+ 17+ 18+ 194
Height wemex 0.35 0.3 0.35 038 038 0,30 0.42 0.53 0.50
Sitting height venex 0.2 0.20 [N 0.26 n1g 0.20 0.2l 0.23 022
Trunk keight 0.1% 016 018 0,18 026 LN B 018 .16 0.20
Upper extremity bength 0.21 018 0.22 0.2l 0.24 (1N §] 025 030 0.31
Lower extremity length 0.1% 027 0.33 024 025 030 0.33 .36 0.35
Head and meck haight .08 [ 0.09 011 L8 ] N1 [N 0z 03
Weight ol 015 0.25 0.33 0.42 0.40 .31 0.30 0,33
Biacromial breadih 0.0 012 014 0.23 0.20 0.20 [N ] 0.1% 018
Biilincristal breadth 04 0.13 013 0.1z 012 012 [N ] 0l 013
Bitrochanteric breadih 013 0.1 012 012 0,15 w13 012 o1l 013
Chest breadih [ 0.11 .09 0.0 016 015 016 0.15 017
Chest depih 008 0.09 0.0 008 0.0 0,10 012 0,08 007
Chest circumference 0.24 0.23 0.26 0.32 0,42 0.39 0.2% 0.25 0.25
Upper arm gink 011 o.10 0.20 0.14 07 015 013 012 0.14
Calf ginh 014 012 013 0.16 019 0.l6 014 0.15 0.13
Head length 0.05 0.04 0.05 0.046 0.06 0.7 0.05 0.05 0,05
Head breadih 0.04 0.03 0.03 0.04 .04 005 0,04 0.04 0.04
Hesd circumference 012 010 0.12 013 011 0.1z 010 0.0% 0.0
Minimum frontal breadih 0,03 0.03 0.03 0.03 003 0.3 0.03 003 .03
Bizygomatic breadth .04 0.04 0.03 0.03 0.04 0.04 .04 004 .04
Bigonial bresdih 003 0.03 0.03 0.0z 0,04 0.03 .03 003 003
Todal facial heighe 005 003 .04 004 0.05 0.04 0.05 0.06 0.05

Upper facial height .04 0.03 0.03 .02 0.04 0.03 0.03 0.04 0.03




MULTIVARIATE DISTANCE ANALYSES FOR GROWTH CHARACTERS DURING ADOLESCENCE 423
Table 3 : Standard deviations of growth charscteristics in each year of age N
Crrowth Characteriztics Age i1 years

I+ 13+ 13+ 4+ 15+ fo+ 17+ I8+ 194
Helght vertex 3.45 303 345 3.79 .77 290 4,22 533 .01
Sirimp height verex 102 1.98 1.87 .57 1.88 2,00 109 128 224
Trunk height 1.78 1.59 .83 1.83 2462 1.8% 1.78 1561 1.95
Upper extremity length 114 1.80 215 .07 2.43 1.85 254 i 106
Lower extremity length 1.84 2.66 329 2.42 2.50 1.97 3.30 364 150
Head and neck height 072 117 085 1.05 .59 114 1.1 .19 1.27
Weight 1.09 1.52 151 jaz 4.4 397 314 303 325
Hiacromial breadth 1.02 (.80 1.44 234 2.00 1.9% 1.90 1.87 1.78
Biiliocristal breadth i.40 1.6 1.26 1.19 1.24 1.1% 1.13 1.08 130
Bitrochanteric breadth 1.25 1.0l 1.20 118 1.45 1.26 1.18 i.12 .29
Chest breadth .16 1.0% 0.54 0.97 1.60 1.51 1.56 1.50 1.73
Chest depth 074 092 0.85 0.78 1.04 1.00 .16 074 0.85
Chest circumifersnce bt .33 257 124 4,19 388 204 154 1d6
Upper anm girth 1.07 0.97 1.9% .40 166 1.52 1.3 1.3 1.41
Calfl girth 1.42 1.22 1.26 1.61 .88 |.64 1.42 1.50 1.34
Head leagth 0.52 0.43 .46 0.56 0.57 065 .54 0.53 050
Head breadth 0.48 0.30 031 037 0.39 0.48 0.37 0.36 0.4l
Head circumference 1.22 0.98 1.18 1.28 1.09 1.19 104 0.91 1.02
Minimum frontal beeadth .28 026 027 0.28 0.26 0.2% (] 020 .33
Bizygomatic breadth 0.3% 039 0.30 0.3 039 0.39 0.d2 040 043
Bigonial breadih 0.32 0.28 0.28 024 0.35 0.33 032 0.28 0.28
Total facial height 0.5 0.34 0.37 035 046 040 049 0.55 0.54
Upper facial height 0.3 0.29 031 0.24 0.4l 0,32 .39 .36 (.32
Tahle 4 : Values of t* iest of significance for growth characteristics between successive age-groups
Growth Chasscreristics Age in years

11-12 28 [ OF S O & S . B [ T ¥ r N . S . B
Height venex 9.83 1635 1971 2226 1137 1.1 1.62 083
Sinting height veries R0 930 1900 1597 .14 6.75 148 1.57
Trunk height g Jied ] 4.50 1430 2156 5.96 7.74 0.3% 0%
Upper extreminy length 630 14.00 1555 16.57 892 B.1G 0,20 1.0
Lower extremity length 1000 14,48 .7 1817 G469 6.85 0.45 0.25
Head and neck helght 271 1.50 EOD 1073 #.00 ENE 118 3.92
Weight 1000 1587 1732 20464 6,79 7.3% 6,68 7.97
Biacromial breadth 560 1325 1079 9.52 2.05 6.20 2,74 537
Biilincristal breadth 443 BOE 110D 1075 5.33 4.58 1.54 391
Bitrochanteric bresdih 531 070 1300 1833 in 4.31 1.58 .91
Chest beeadth 467 10.45 .11 16.70 4.06 4.73 1.75 6.87
Chest depth 538 4,533 ETR 14.75 4.20 4.70 1.83 663
Chest circumference 5.63 896 1235 1584 4.74 4.89 197 7.52
Upper arm girth 1.09 4.0 550 100 5.00 4.53 1.45 583
Calf ginth 1.57 .25 992 1256 153 525 114 6.73
Head length 1.80 128 2o 3.50 0.57 0,29 380 4.60
Head breadth .00 100 233 2.00 1.75 1.80 275 .75
Head circumference 1.50 1.70 467 531 im 2.0y 320 1.78
Minimuam frontal breadth 2133 1.00 567 2.33 2.67 0.67 167 033
Bizygomatic breadth 5.00 1.00 B.on 86T 375 4,25 1.0 275
Bigonial breadih 533 2.00 5.00 10,00 375 5.33 7.33 4.00
Total facial beight 2.80 0.67 100 9.25 160 - 450 1.00 1.00
Upper facial height 4.2% 000 033 700 375 233 200 075
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Table 5 : Values of indices of various multivariate distance analyses

5 Nawie of the Age in years and index values
M, muallivariare
il i 1% 12+  j1s 144 15+ 15+ 17+ 1R+ 198
1. Mean Muoltivariate 0,00 200 4.65 Q.81 16,63 1871 2065 2180 13162
Distance {MMD)
2. Co-efficient of 2.00 2.60 4.72 o485 2.20 1.88 1.02 1.44
per cent growth (CPG)
i Co-efficicnt of 054 .63 0,96 1,28 051 0,48 .36 0,40
Standardised growih (C5G)
4 T-Distance (T-I1) 442 .53 921 13,00 478 4,80 3.22 4,0
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present analyses of growth among adolescent
Bhil boys. The basic element for multivariate
distance, thus obtained, may remain direction-
al when the study is limited to the period of rap-
id development. Thus, the composite multiva-
riate distances based on these elements should
display the pattern of total growth strain of the
individuals instead of that for characters. The
same elements can be used for a comparative
study of differential or allometric growth.

The analyses of distance statistics bear fruit
only il itis widely understood and that distance
formulae are not merely computer tools but for
using effectively in population differences both
guantitatively and qualitatively and to use them
for exploratory research of biological variation
in man. With sharpening and simplification of
the techniques broadly used here, multivariate
distances may turn out to be most appropriate
method for comprehensive holistic studies like
growth and development and other subject mat-
ters of physical anthropology.
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