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ABSTRACT Vanouws body dimensiors would resch their
aduht gize o specific times during the growth pericd. On
subjecting the growih data of several body dimensions io
the pereemtage of growih attsaned during adolescence, i has
been ohserved that dulTerenbialion of growth can be deci-
phered and growth pradients can be surmised, I3 hody di-
mensions are taken wp lor the study among Bhil boys of
Rajasthan from 11+ years 1o 19+ years 10 mdersiand ihe
growth differentintion and gradients. The present series of
cross-sectional growth data from Bhal boyvs of Fajasthan
sierm b bo possible 1o differentiate and group growih char-
acters and establish such growth pradients, as cephalo-Ia-
cial, linear, ransverse and girth measuramanis respeciively

INTRODUCTION

There is a definite pattern of growth of all
growth characteristics in the human body and
reach 1o maturity at definite timing (Krogman,
1972, Tanner, 1978). These panemns of growth
of all growth characteristics canbe grouped and
presented graphically. Further, growth differen-
tiation of growth characteristics or body dimen-
sions is also noticed (korogman, 1972}, Accord-
ingly, various svstems or organs or body dimen-
sions grow and reach to matunty or adult size at
differenmt umes m different areas of the body.
Studies on growth in Indian context are many bl
all aiming 1o present trends of growth in specific
populations {Sharma, 1970, Singh Raghbir,
130, 1L Co MR, 1972, Malik and Singh, 1978).
However, very fow studics have covered the theo-
retical aspects of growth processes (Reddy,
1%89). The credit gocs to Scammeon {1927) {ef.
Krogman, 1972 and Tanner, 1978) to conceive
the idea of grouping growith characteristics to
reduce the growth curves of human body 1o four
basic curves. These curves are based on the prin-
ciple that at age 20 years all dimensions of the
body are adult in size and have one hundred per
cent of their value, starting at birth with zero per
cent, This has helped Scammon to propose four

systematic basic curves of man, namely, neurl,
general, lvmphoid and genital. Thus, the theo-
retical aspects of growth is important 1o under-
stand the mechanism of multifaceted phenoms-
cna of growth, The present paper is in the same
direction aiming to decipher the differentiation
and gradients of growth characteristics during
adolescence among Bhil bovs of Rajasthan

MATERIALS AND METHODS
Bhils, the largest tribe of India form the sub-

Jects of the study and samples have been drawn

from Udaipur district of Rajasthan where sub-

jects of the study face the best environmental

condition. They are chosen (o study their presont
growih trends and to compare with other specific
populations of India and also to construct refer-
ence standards for the population. The trends of
growth during adolescence of these Bhil bovs
have been discussed elsewhere (Reddy, 1959)
Here the theoretical aspects of growth, namely,
differentiation and gradicnts, arc presented 1o
have more insight in understanding the process
of the growth. The following measurements
(growth characters) are taken on each boy and
all the measurements and definitions of land-
marks are taken after Singh and Bhasin ( 198Y)
and Weiner and Louric {1969},
1. Composite measurements

L. Weight

2. Stature
2. Vertical or linear measurements

1. sitting height vertex

2. Trunk height

3. Head and neck height

4. Upper extremity length

5. Lower extremity length
1. Transverse measurements

1. Biacromial breadth

2. Bi-illiocristal breadih

3. Bitrochanteric breadih
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4. Chest breadth ciple that at age 194 years all bady dimensions

5. Chest depth reached to their adult size and thus have one
4. Girth measurements hundred per cent of growth,

1. Upper arm

2. Calf RESULTS AND DISCUSSION

3. Chest Y

4, Head Djfferential Cirawth: A graphical comparison
5. Head and face measurements of the different rates of growth of different body

1. Head length dimensions through the age-rangel 1+ to 19+

2. Head breadih years brings out the uniformity and diversity of

3. Minimum frontal breadth

4. Bizygomatic breadth

5. Bigonial breadth

6. Morphological facial height

7. Morphological upper facial height

To cover the period of adolescence, age

growth patterns in different systems of organs
and tissues (Fig. 1), In this diagram, the per cent
growth of each dimension in different age-
groups from the mean measurements aitained at
114 years are plotted (Table 1, 2). Each vertical
ling joins the points indicating per cent growth

groups from 11 + 1 19+ years have been con-
sidered with equal sample distribution of 100
subjects in each age group cross-sectionally,
Only normal children who are environmentally
better off are included in the study by using pur-
posive sampling. The exact dates of birth of sub-
jects have been given due attention to armive at
positive comect age. The methodology used for
the purpose of growth differentiation and gradi-

of different characters attained in a particular
apges, namely, 12+, 13+, 14+ and 20 on.
measurcments are armanged from above
downwards in decreasing order of their per cenl
growth at 19+ age group. Thus, the maximal
amount of growth is obviously attained by
weight (102 %), the disproportionately high val-
ues of which are not represented in this diagram.
The growth of breadth and dreumferences fol-

enis is that of Scammeon (192 7) (d. Tanner, 1962
and 1978; Krogman, 1972) based on the prin-

low mext in order. The growth of limb lengths,
trunk lengih and height vertex occupy the

Table 1: Means of growih characteristics in each year of nge

Girovih characlers Age in pears
In+ 12+ 11+ 4+ 13+ 16+ 17+ 18+ I8+

Weight 24,35 25,45 27.83 T 06 IE.97 41.82 4477 46 R4 4913
Chest breadth 1890 19, 46 2061 11.43 2310 2.7% 14,46 14.74 25.77
Bitrochanieric breadih 21.38 2307 2314 I4.70 16.90 I7.46 1802 IR.36 I8, 9K
Upper arm girth 145, Bl 17.11 17.53 18.63 1017 I1.02 I1.70 12.02 22,72
Biilliocristal hreadsh 1974 10036 1140 FLR4 X4I5 0 R4ARS IS44 ISTR O 2616
Chest depth 13.92 14,35 14,74 1553 16.71 17.13% 17.60 1782 185, 35
Biacromial breadth 27T.K2 18.3% T9.44 30.9% 3314 3355 3479 3531 36.33
Calf girth 13.71 2393  MAER 2597 IT9E  IXRAGS 1949 1993 30,94
Chest circumierence Gl 04 62,49 64,55 6774 T1.84 T4.83 Th.66 TT.81 TR.69
Lower extremity length 63,08  A4RE GRTE TR TEAY THS0 TRY RO HOND
Trunk height 43,49 44 08 &4.80 47.41 51.47 53.02 54.49 54,56 54,59
Henght vertex 13133 13477 13984 146,74 15520 159.52 162.85 163.33 16397
Upper extremily length 6135 626K 6520 ARG2  TZI0 T434 TS TEE4 T6 04
Sitting height werfex &R 2% &9 94 T1_R0 T5.41 T9_51 B1.63 E2 9% R31.51 E3 RY
Head and neck height 467 2335 IATY 649 76T IRA4T IREZ 29017 19.64
Bigenial breadth 2.01 w17 9,23 9,38 9,58 9,73 9,89 1008 1023
Todal facial height 9.8% 10.03 10.03 117 1054 1067 L5 10, %0 10.96
Hizygomatic hreadth 189 1209 1213 1237 1263 1278 1295 1299 1310
Upper facial height 6.21 6,39 6,39 .40 6,54 669 [ 6. R2 6. ES
Huad length 16_RBE 16.95 17.1H 17.1% 17.40 17.44 17 46 17.6% 1788
Head breadth 1306 1318 1327 1334 13542  13.4% 1358 1369 138D
Head circumference 20,41 50, 5% .76 51.32 52.01 52,44 51.68 53.00 33116
Minimum [ronial bresdih 9,91 .98 10.01 10.08 10.23 10.33 10,35 10.43 1044
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Takle 2: Valoes of per cent growih of each growih character in different age groups from the mean char-
woteristics witained at 11+ years

(vl chomacters Age growps

{-47 Ii-11 Ir-14 Ii-1% Iy Iiai7 =18 Ti-r%
Waerght 4.52 14.29 32.07 G004 T1.75 Ri. b6 91,36 IDZ. 1R
Chest hreadth 1,96 .05 13.39 2222 15 66 29,42 30,90 3635
Hitrochanteric hreadth 1.23 B.23 15.53 I5.82 18,44 LN 3251 15.5%
Upper arm girth .7 EM 9.6% 18.72 13.72 2T.72 2061 33T
Riillizerigtal hreadih 114 H.46 15.70 2285 16.09 2H.HE 3034 32.52
Chest depth 305 5.E9 11.57 2004 2304 2644 28,02 x1.53
Biscramial bresdih 1.0% 5,53 11.25 1912 206l 25.0% 2692 3. 5%
Calf girth 0.93 4.09 9.53 18.01 I0.R4 24,38 26,23 LA
Chesl circumlerence .21 3.58 10083 189,14 12.39 215,38 27,27 30,34
Lawer extremity lengih 143 G004 13,13 20,005 1450 16.63 16.92 706
Trunk height 1.36 101 .01 1H.35 21.%1 25.19 15,458 25.52
Haight vertex .61 i 48 11.73 15, 1% 21.47 14.00 24.52 24.85%
Lpper extremity length 2.17 .18 11.55 17.52 21.11 13,54 1361 4. 11
Birting hedght vertex .43 16 144 16,43 19,55 11.53 11,31 22,83
Head and neck heipht 2,76 4 i T.3% 1216 15,44 6 %1 I%.24 .15
Higonial breadih 1.7T% I 44 4.11 6.33 7.99 .77 1221 13 54
Tatal facial height 1.42 1.6 185 6. 57 T.%9 2.71 ozl 1082
Rizvgomatic breadth 1. GH 202 4.04 .22 T7.49 K92 9,28 101
Upper facial heaghi .7 .73 1R 504 T.54 B.g% 9.6% 1013
Hizaxl length 0,33 130 I.96 1. 144 556 469 .05
Head breadth .92 161 4 1.76 3.29 30E 4.75 567
Hiad circumberence L 13 0.7 1 EN I 4,05 4,40 14 546
Minimum frontal hreadth .71 1.0k z 1.43 4.24 4,44 5.2% 553

intermediale position, and growth attained by
hesd and face measurements appear (o be the
least of all,

However, the differential patterm of growth
varies in different age-groups. For example, there
is a4 much greater amount of growth in hip
breadih, chest breadth and lower extremity
length in the initial period of adolescence up to
around 14 + vears. The amount of growth of
some measurements on face and head and neck
height are also comparable to these bodily di-
mensions in the imitial vears of adolescence.

Itis brought ot by arranging the rais in the
rank order of their amount of growth in each age,
that (1) Weight displavs maximum percentage of
growth throughout the age range 11+ w 19+
years. (2) The lower extremity lengih shows
maximum growth only in the initial years of
adolescence. (3) The ginth measurements display
small pereentage of growih in the initial years but
attain a much higher rank in growth rate among
the traits towards the late adolescence. (4) The
linear measuremenis such as lower extremity
lengih, trunk height, height veriex, upper extrem-
ity length and sitting height gain the least per-
centage prowth after 17 +years. (5) The bigonial

breadth shows the maximum percentage of
growih among all head and facial measuremenis.
(6} A striking feature of this graph is the emer-
gence of three broad groups of traits which
show similar traits of growth. Volume and
breadth measurements attained higher per cent
growth followed by vertical and head measure-
ments.

Crradients of Growsh, The maturity of gradi-
ents of differenl measurements arc brought
out by plotting the percentage of adult value
considering 19 + years as the maximum age
and 11+ years as the initial age (Fig.2 and
Table 3},

The data suggests that cephalo-caudal gra-
dient of growth during adolescence in Bhil boys,
In all ages of adolescence the head is nearer the
adult size than other body dimensions and is ol -
lowed by the facal measurements, vertical or
lincar measurements, (ransyerse MeAasurcments
of girths and breadths and body weight in order,
When the average grades of the four aspects of
the sexual maturation, studied in each year are
expressed as percentages of the maximal grade
attained in the 19+ vear, it becomes apparent that
reproductive development in males i behind the
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Tabkle ¥: Values of percentage of adult valae attuined by each growih characier including primary and
secondary sexual characters in each year of age

Crramth chitocleristics

.-I!:f Eroups
I+ 12+ 13+ 1+ 15+ 1é+ 17+ 18+ T+
Henghi Wertex Hlp (v H2 12 A5 25 HD 40 94 65 27.19 90 17 Q9.7 1O (Ml
Sitting height verex Hl.41 H31.19 RS &1 B9 91 Q4 2D 27.11 DE 94 QQ8T 1Mk (0
Trunk height Fo6T  ROTS RIOT7  EAEY G4.3% 9701 998D 99.9% i0d.00
Upper extremity lemgth "D AR EX 32 ES. 63 Q012 T4, 69 27.50 09 54 Q961 100,00
Lower extramity length T TO EL.95 5 E3 EQ.04 LERE T §7.99 Ba.T0 FERT 100
Head and neck height H1 1 55 5% B 04 QA7 231,18 Q&.08 27.2% QR 41 100
Weipghi 49 10 £1.70 56.53 6533 TG Eq.9% Q0.94 315 10000
Hiacromial hreadih Te A% THII 0 ELO3  BEN9 SLLIET 0 9235 9574 9709 10000
Haliseristal breadih TE 46 TTR3 El.E4 E7.31 22.70 9515 97.25 SR.36 100,00
Hitrowhanteric hreadih TR 7616 T9.R5 K523 91.82 94.74 9669 9786 10000
Chest hreadth T334 TEA1 7998 RIS ES.64 92146 9492 9600 10000
Chest depth Ty kG TR.20 BOLOX3 e 91.06 9335 9591 QT 0L 10 0g
Chest circamference T6.71 TH 42 E1.00 B3 03 21,40 FER ] 96,20 764 100,00
Lipper arm garih T4.TH T5.31 7714 #2.00 ER.TR 92.52 95.51 9692 10004
Calf girth ThH 63 T7.34 9.7 B3.94 9043 93,6 9%.31] 26,74 L0000
Head length 94 30 a4 j 95 5% 96.14 97.32 97.54 97.65 QR TL L0000
Head hreadih 94 &4 9551 614 9667 97.2% 97.75 GH.41 9.0 1000
Head circumference 9483 9517 9549 94,54 9T.R4  9EGS 9910 9970 (0000
Mimimum frontal breadth 9492 9439 95 8R 97.51 9818 9E9%% 9904 9990 100.00
Bizygomatic breadih 90. 76 91.16 92.60 94,43 96,41 47,46 U K5 G906 0000
Higonial breadih BH T B, 90,22 o168 93.65 9511 6. 6E DE.EI 10000
Total facial heipght a0, 24 o1.51 91T 91. 7% 26,17 97,15 G000 90 45 100,00
Upper facial height Q0.RB U3.IR 93.2E 0 G343 9547 0766 DEAY 9954 10000
Male genitals 22,40 370 5140 4. E0 T &0 TR0 H7.00 9. K0 DD
Pukiic knir 20,0 15 ED 34,00 49,10 G, 00 To, 40 0,10 9140 100,00
Facial hair 33.33 33,33 3500 431,67 6167 6500 T1.00 9533 10400
Axillary hair 311 3313 33.13 3%.33 48,70 26,00 67,70 B4.00  14H,00

prowth and development of different other body
dimensions. This agrees with the Scammon’s
earlier suggestion.

Furthermore, the data also suggest that within
each of the aforesaid six groups of characters,
there are also maturity gradients of growth in tim-
ing. For example, within head and face measure-
ments, the most advanced growth is observed
for morphological facial height, There may
also be an antero-posterior gradient in the
head. The growth of lower parts of the face,
such as, bigonial breadth lags behind that
of the bizygomatic breadth, Within the linear-
measurements, again, there may be an apparent
trend of cephalo-caudal gradient. The head
and neck height and sitting height show rela-
tively advanced maturity levels in each age
than the measurements of lower extremity
length, which have relatively delayed maturity.
The development of genitalia representing the
primary sexual character is also in advance com-
pared to the secondary sexual charmcters and
growth of pubic hair is more advanced than fa-

cial and axiliary hair except in the initial years of
adolescence.

CONCLUSION

The foregeing discussion of differential
growth curves and percentage of growth and
maturity gradient of each character from 11+ w
19+ years, thus, parmits a general differentiation
and gradients are : 1. Transverse growth of vol-
ume and breadth, 2, Growth of linear or vertical
measurements, 3. Cephalo-facial measurements
(head and face may represent two sub- groups)
and 4. Pubertal development (primary and sec-
ondary sexual characters may form sub-groups).
These results are in agreement with others (Burt
and Banks, 1947, Tanner, 1977).
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