University of Rajshahi Rajshahi-6205 Bangladesh.

RUCL Institutional Repository http://rulrepository.ru.ac.bd
Department of Statistics MPhil Thesis
2010

Allometric Model Study of Inter Limb
Growth: A Case Study of Children
From Jessore District

Nawaz, Md. Shahjada Al

University of Rajshahi

http://rulrepository.ru.ac.bd/handle/123456789/415
Copyright to the University of Rajshahi. All rights reserved. Downloaded from RUCL Institutional Repository.



ALLOMETRIC MODEL STUDY OF INTER LIMB GROWTH:

A CASE STUDY OF CHILDREN FROM JESSORE DISTRICT

Thests

Submitted to the

Department of Statistics,
University of Rajshahi, Bangladesh,
in Partial Fulfillment of the Requirements
for the Degree of Master of Philosophy in Statistics.

Supervisor: Submitted by

Dr. Md. Ayub Ali Md. Shahjada Ali Nawaz
Professor Roll No : 114
Department of Statistics Session: 2005-2006
University of Rajshahi Department of Statistics
Bangladesh University of Rajshahi
E-mail: ayubali67@yahoo.com Bangladesh

Mobile: 01556310294

June 2010



Declaration

I do hereby declare that the dissertation entitled “Allometric Model Study of Inter
Limb Growth: A Case Study of Children from Jessore District” submitted to the
Department of Statistics, University of Rajshahi, Bangladesh, for the degree of Master
of Philosophy in Statistics. This study is a unique and original work of my own. No
part of it, at any form, has been submitted to any other University or Institute for any

degree, diploma on other similar purposes.

@Q‘? 2604620102

Rajshahi (Md. Shahjada Ali Nawaz)
26 June 2010 M. Phil Fellow
Roll No. 114

Session: July 2005
Department of statistics
University of Rajshahi
Rajshahi, Bangladesh.



Certificate

This to certify that this dissertation entitled “Allometric Model Study of Inter Limb
Growth: A Case Study of Children from Jessore District” is an original work from
primary collected data done by Md. Shahjada Ali Nawaz, Department of statistics,
University of Rajshahi, Bangladesh, for the degree of Master of Philosophy in

Statistics under my supervision.

I, also, assure that any part of this dissertation in any form or by any means totally or
partially are not reproduced for publication or submitted for degree to any other

Universities or Intuitions.

It is also certified that I have gone through the draft and final version of the thesis and

approve it for submission.

C{[ff‘ W W/ ”
(Protessor Dr. Md. Ayub Ali) ,726 .0 & R0/C

Supervisor

Department of statistics
University of Rajshahi
Rajshahi-6205, Bangladesh
E-mail: ayubali67@yahoo.com
Mobile: 01556310294




Dedicated



ACKNOWLEDGEMENT

At the outset all praises and utmost gratefulness to Almighty Allah, source of
all power and knowledge, for giving me the strength, patient and ability to accomplish
my study in time despite my personal troubles and hazards. All the progress,
achievements and successes throughout my life are Allah’s blessing.

I am grateful to the University of Rajshahi, Bangladesh for granting me the
fellowship.

I am indebted a great deal to my honorable teacher Prof. Dr. Mian M.A.
Basher, Department of Statistics, University of Rajshahi who influenced me to higher
study on child growth and giving me perfect advice.

I am obliged to my priest supervisor Dr. Md. Ayub Ali, Professor, Department
of Statistics, University of Rajshahi, Bangladesh, for his proper guidance, excellent
co-operation, continuous encouragement and inspiration accorded to me throughout
the entire period of my work. I am highly grateful to him for allowing me to work
under his guidance.

I take this opportunity to remember our late Professor K.M. Hossain, founder
Head, Professor M.G. Mostofa, Department of Statistics, University of Rajshahi. I am
also thankful to Professor Md. Abdur Razzaque, Professor Dr. Samad Abedin,
Professor Dr. S.K Bhattacharjee, Professor Dr. Mohammad Naser, Professor Dr.
Assaduzzaman Shah and Professor Dr. Anzuman Ara Begum for their help and
suggestions.

I express my sincere gratitude to Professor Dr. Md. Golam Hossain (my
previous supervisor), Professor Dr. Md. Nurul Islam, Professor Dr. Md. Riptar
Hossain, Dr. Md. Narul Haque Mollah, Department of Statistics, RU for their

valuable help and suggestions for this study.



[ am heartily appreciate the advice and encouragement all other teachers of the
Department of Statistics, University of Rajshahi, for their advice and continual
support that help me to go forward.

Also thanks for all officers and staffs of the Department of statistics,
University of Rajshahi for their cordial co-operations, and assistance during my study
period.

I am indebted to the all researchers in the Department of Statistics, especially
to Mr. Md. Majharul Islam and Dr. Khurshida Pervin for their help and suggestions.

[ am grateful to my students Md. Imdadul Haque and Abdur Rahman for
helping me when I was collecting data. I am also grateful to children, their teachers
and their parents for giving me their valuable time to collect longitudinal data.

I gratified to Md. Ayub Hossain, Principal Rupdia Shaheed Smrity College,
Jessore, Lieutenant Cornel K.M. Amirul Islam AEC, Principal, Jessore Shikkha Board
Model School & College, Prof. Amirul Alam Khan, Vice Principle, Govt. Azam Khan
Commerce College, Khulna, and Momtaz Begum, assistant teacher, Polytecnic
primary school, Jessore for their precious advice and encouragement that helped me
to complete this study.

I am grateful to all my friends for their help throughout my research work. I
am also grateful to my relatives and well wishers who were the sources of inspiration.

Finally, I am grateful to my family members especially, my father Dewan
Nazrul Islam, my wife Mst. Nahida Akter for their tremendous sacrifice, constant

encouragement, continuous inspiration, help and suggestions.

The Author



Contents

Chapter Title Page No.
Chapter-one Introduction 1-10
1.1 Prelude 1
1.2 Some Important Indicators of Child Growth 5
1.3 Importance of the Study 6
Chapter-Two  Genesis of the Study 11-37
2.1 Review of Literature 11
22 Research Gap 34
2.3 Objective of the Study 36
2.4 Organization of the Study 37
Chapter-Three Materials of study 38-43
3.1 Selection of the Study Area 38
3.2 Sampling Design 39
3.3 Problem of Data Collection 40
3.4 Variables Selection 41
3.5 Measurement of Variables 41
Chapter-Four  Methods of Study 44-46
4.1 Descriptive Statistics 44
4.2 Allometric Model 45
Chapter-Five  Results and Discussion 47-121
5.1 Longitudinal Growth of Bangladeshi Primary

School going children 47-109
2.1.1 Growth of Stature 47
8.1:2 Weight Study 54
5.1.3 Growth of Sitting height 59
514 Growth of Leg Length 65
5 e Chest Circumference 70
M Growth of Head Length 76




Chapter Title Page No.
51.7 Growth of Head Breadth 82
318 Growth of Head Circumference 88
5.1.9 Elbow-Wrist Length 94
5.1.10 Growth of Upper Arm Length 98
5.1.11 Tibia Length 102
5. 1LI2 Upper Arm Circumference 106
5.2 Longitudinal growth study with percentile

charts 110-121
el Growth of stature 110
522 Growth of weight 112
5.2.3 Growth of sitting height 114
524 Growth of leg length 116
5.2:5 Chest circumference 118
5256 Head circumference 120
Chapter-Six Concluding Remarks 122-128
6.1 Major Findings 122
6.2 Limitations of the Study 128
6.3 Scope for the Further Research 128
Bibliography 129-138
Appendix 139-140

ii



List of Figures

Figure

Title

Page No.

Figure 5.1.1a
Figure 5.1.1b
Figure 5.1.1¢
Figure 5.1.1d
Figure 5.1.1e

Figure 5.1.2a
Figure 5.1.2b
Figure 5.1.2¢
Figure 5.1.2d
Figure 5.1.2¢

Figure 5.1.3a
Figure 5.1.3b
Figure 5.1.3¢
Figure 5.1.3d

Figure 5.1.3¢

Figure 5.1.4a
Figure 5.1.4b
Figure 5.1.4¢
Figure 5.1.4d
Figure 5.1.4¢

Figure 5.1.5a
Figure 5.1.5b
Figure 5.1.5¢
Figure 5.1.5d
Figure 5.1.5¢

Figure 5.1.6a
Figure 5.1.6b

Stature of males and females
Stature of urban males and females
Stature of rural males and females
Stature of urban and rural males

Stature of urban and rural females

Weight of males and females
Weight of urban males and females
Weight of rural males and females
Weight of urban and rural males

Weight of urban and rural females

Sitting height of males and females
Sitting height of urban males and females
Sitting height of rural males and females
Sitting height of urban and rural males

Sitting height of urban and rural females

Leg length of males and females

Leg length of urban males and females
Leg length of rural males and females
Leg length of urban and rural males

Leg length of urban and rural females

Chest circumference of males and females

Chest circumference of urban males and females
Chest circumference of rural males and females
Chest circumference of urban and rural males

Chest circumference of urban and rural females

Head length of males and females

Head length of urban males and females

il

48
49
50
51
52

54
55
56
57
58

59
60
61
62
63

65
66
67
68
69

70
i
72
73
74

76
77




Figure

Title

Page No.

Figure 5.1.6¢
Figure 5.1.6d
Figure 5.1.6¢

Figure 5.1.7a
Figure 5.1.7b
Figure 5.1.7¢
Figure 5.1.7d
Figure 5.1.7¢

Figure 5.1.8a
Figure 5.1.8b
Figure 5.1.8¢c
Figure 5.1.8d
Figure 5.1.8¢

Figure 5.1.9a
Figure 5.1.9b
Figure 5.1.9¢
Figure 5.1.9d

Figure 5.1.10a
Figure 5.1.10b
Figure 5.1.10¢
Figure 5.1.10d

Figure 5.1.11a
Figure 5.1.11b
Figure 5.1.11¢
Figure 5.1.11d

Figure 5.1.12a

Figure 5.1.12b

Head length of rural males and females
Head length of urban and rural males

Head length of urban and rural females

Head breadth of males and females

Head breadth of urban males and females
Head breadth of rural males and females
Head breadth of urban and rural males

Head breadth of urban and rural females

Head circumference of males and females

Head circumference of urban males and females
Head circumference of rural males and females
Head circumference of urban and rural males

Head circumference of urban and rural females

Elbow-wrist length (right) of males and females
Elbow-wrist length (left) of males and females
Right and left elbow-wrist length of males
Right and left elbow-wrist length of females

Upper arm length (right) of males and females
Upper arm length (left) of males and females
Right and left upper arm length of males
Right and left upper arm length of females

Tibia length (right) of males and females
Tibia length (left) of males and females
Right and left tibia length of males
Right and left tibia length of females

Upper arm circumference (right) of males and
females
Upper arm circumference (left) of males and

females

v

78
79
80

82
83
84
85
86

88
89
90
91
92

03
95
96
96

99
99
100
100

103
103
104
104

107

107



Figure

Title

Page No.

Figure 5.1.12¢
Figure 5.1.12d

Figure 5.2.1a
Figure 5.1.1b
Figure 5.1.2a
Figure 5.1.2b
Figure 5.1.3a
Figure 5.1.3b
Figure 5.2.4a
Figure 5.1.4b
Figure 5.1.5a
Figure 5.1.5b
Figure 5.1.6a
Figure 5.1.6b

Right and left upper arm circumference of males

Right and left upper arm circumference of

females

Stature percentile chart of males
Stature percentile chart of females
Weight percentile chart of males
Weight percentile chart of females

- Sitting height percentile chart of males

Sitting height percentile chart of females

Leg length percentile chart of males

Leg length percentile chart of females

Chest circumference percentile chart of males
Chest circumference percentile chart of females
Head circumference percentile chart of males

Head circumference percentile chart of females

108

108

111
111
113
113
115
115
117
117
119
119
121
121



A bstract

The aim of this study was to investigate the allometric growth of inter-limbs of males
and females. All the subjects were student of primary school of urban and rural area at
Jessore district in Bangladesh. The age ranges of the subjects were between 6 to 12
years for males, 6-11 years for females. Longitudinal data on body and head
dimensions (stature, weight, sitting height, leg length, chest circumference, left and
right upper arm length, elbow-wrist length, left and right tibia length, left and right
upper arm circumference, head length, head breadth and head circumference) were
measured from 2006 to 2009. The study started with 117 children. There was about
24% loss of the sample size. Finally we were 89 subjects. Descriptive statistics,
growth chart and allometric growth model were used. Allometric relationships
between body and head dimensions were obtained through log-linear regression
analysis. Growth of head dimensions (head length, head breadth and head
circumference) was negatively allometric with respect to stature for males and
females, i.e., growth rate of head dimensions were smaller than growth rate of stature.
Growth of body dimensions (leg length, tibia length, arm length etc.) were positive
allometry with respect to stature implying growth of these body dimensions were
greater than that of stature but the growth of sitting height with respect to stature were
negative allometry. Growth of leg length and upper arm length with respect to stature
were isometry for urban females. Growth of urban males and females were greater
than rural males and females in stature, weight, sitting height, leg length, chest
circumference, head length, head breadth and head circumference. Average stature
differs more than 5 cm between urban and rural females, 4 cm for urban males and
females. Average weight differs more than 4 kg between urban and rural males, 6 kg
for urban and rural females. An in-depth further study should be taken into accounts

for searching the reason of this regional difference.
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Chapter 1: Introduction

Chapter- One

Introduction

1.1: Prelude

The study of human growth and development is an integral part of the scientific study
of human biological structure, function and diversity. Anthropometry as a part of
human biology has no restrictions concerning the anatomical parts of regions of the
human body. Measurements such as, relationship between different parts of body, and
proportional aspects can be established and compared for different sexes and ethnic

groups.

The scientific study of human physical growth and maturation has a long illustrious
history involving leading scientists from many countries. Although much has been
learned, much remains to be achieved. It is depend upon the recruitment of young
scientists and successful implementation of new studies, particularly in developing
countries where the growth and maturation of many infant and children are retarded
due to some causal factor and with their individual countries environment. Scientific

interest in growth may have its origin in anthropology and medico biology.

Growth is the process that produces variations; it is therefore not surprising to find
that biological anthropologists have a long history of studying human variation and
growth in numerous populations and within many temporal frameworks (Goldstein
1979). Understanding variation in growth patterns among populations permits a better
comprehension of observed morphological differences (Eveleth and Tanner, 1976).
Moreover, this curiosity has not only been about population-wide growth, but also

about growth as an ontogenetic process.
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The relationship of the growth of one part of an organism to the growth of another
part or the growth of the whole organism is called allometry. The term also applies to
the measure and study of such growth relationship. Allometry comes from the Greek
word ‘allos” which means ‘other’, so allometric means ‘Other than metric’. Allometry
is of two types- Isometry and Non-Isometry. I[sometric growth, where the various
parts of an organism grow one-to-one proportion, is rare in living organisms. If
organisms grow isometrically, young would just like adults, only smaller. In contrast,
most organisms grow non-isometrically; the various parts and organisms do not
increase in size in one-to-one ratio. One of the best-known examples of non-isometric
growth is human growth. The relative proportions of human body change dramatically

as the human grows.

Many human biologists have been interested in the relative size of different parts of
human body, and it has been maintained that the relationship between the size of a
part and the size of the whole human body is the best described by some kinds of
exponential (logarithmic) functions. This kind of relationship is usually known as
allometric. Power law of the equation of the type y = bx** (allometry) were first
developed by Galileo in his Discourse, published while under house arrest in 1638.
He noted that the bones of larger animals grow thicker at a faster rate than they grow
longer compared to the same bone in smaller animals. Power law of the equation of
the type y = ax” (allometry) were first used in biology just before 1900 when Dubis
(1898) and Lapique (1898) showed that data on brain weight was better linearzied by
log-log than by arithmetic plots. After taking log on the both sides of equation y = ax®,
then this equation become log y = log a + b log x. The widespread applicability of this
technique to growth and adult size-change effects was demonstrated in Huxley’s

(1932) Problems of Relative Growth. Many human biologists used this equation to

<!
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find the rate of growth of any dimension with respect to the organ of that dimension
or any other organ usually body size (stature). The coefficient ‘b’ that is, the slope of
the line of regression of the dependent variable y is regressed on the independent
variable x, and represents the increment in a dimension corresponding to a unit
change in stature. The constant ‘log a’ is defined the initial growth of the dimension.
The value of the coefficient ‘b’ gives the ratio between the specific growth or
increment rate of the dimensions y and x. The meaning of the allometric coefficient,
‘b’ is detined as follows: if the coefficient is 1.0, it indicates that the dimension
maintains a constant proportional or isometric relationship. If the coefficient is less
than 1.0, the dimension is negatively allometric. Negative allometry implies that taller
individuals have relatively shorter dimension than shorter individual. If the coefficient
is greater than 1.0, then dimension is positively allometric. Positive allometry implies

that taller individuals have relatively longer dimension than shorter individuals.

Growth study in stature, weight and head dimensions is well documented, but other
body and head dimensions (such as sitting height, leg length, tibia length, upper arm
length, elbow length, head circumference etc.) for living are not enough. It is
necessary to apply an appropriate mathematical technique which is able to make
relationship between the growth of body dimensions and growth of stature, also to
make relationship between the growth of head dimensions and growth of stature.
Ohtsuki and Ito (1980) applied allometry technique to find the secular change in head
dimensions of Japanese females with respect to stature. Allometry technique is a good
mathematical equation, which enable us to find the relative growth in head and body
dimensions with respect to stature. Now it is advantageous to apply allometry
technique to find the relative growth in head and body dimensions with respect to

stature of Bangladeshi males and females of age 6 to 12 years.
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Human growth of the physical dimensions of the body is highly regulated process.
The post natal growth is comparatively of higher rate immediately after birth, and
rapid declaration until four years of age. The infancy-childhood growth are additive in
two components-infancy and childhood. Studies of child growth are conducted for
reasons: to assess the environmental conditions in which the growth of a child occurs,
and for the understanding of general pattern of physical development and their
determinants. Patterns of growth have considerable impact on human biological

diversity.

A major growth spurt occurs at the time of puberty. Usually kids enter puberty
between age 8 to 13 years in girls and 10 to 15 years in boys. Puberty lasts about 2 to
5 years. This growth spurt is associated with sexual development, which includes the
appearance of pubic and underarm hair, the growth and development of sex organs,

and in girl, the onset of menstruation.

By the time girls reach age 15 and boys reach age 16 to 17, the growth associated with

puberty will have ended for most teens and they will have reached physical maturity.

Maturation of a child is a “multi-track™ process: it involves maturation of the skeleton,
somatic growth, change in body composition, etc. Accordingly, a variety of indices

have been used to measure the rate of maturation of an individual.

Child growth is the result of the interaction of many regulatory factors, both
hereditary and environmental. Optimal growth can be achieved only when all these

factors work in harmony.
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1.2: Some Important Indicators of Child Growth

1.2.1 Growth Curves: One of the fundamental approaches to the analysis of
longitudinal data is curve fitting. Fitting curves to individual growth records permits
the extraction of a maximum amount of information about an individual child’s
growth, and individual curves can, of course, be compared and contrasted. Further,
when fitted growth- curve parameters are available for a large number of children,
mean parameters and variation around them are convenient way of summarizing a
large amount of data for comparison of growth patterns between sexes or between
populations (Thissen et al.,”76). Thus, fitting curves provides a convenient means of

characterizing individual or group differences in the pattern of growth.

1.2.2 Percentiles: The most widely used growth charts are constructed by measuring
many boys and girls of all ages and breaking the range of their statures and weights
into percentiles. These percentiles are represented on the growth charts. Age in years
is marked along the bottom of the chart. Stature in centimeter/inches is marked along
the left side. The 50th percentile is the average stature for any given age.

The normal range should be emphasized. The diagramed percentiles are generally Ps,

P10, P2s, Pso, Ps, Poo, Pos respectively.

The 5™ and 95™ percentiles added to specific charts the limits for length and height are

considered as lowest and highest percentile growth.

1.2.3 Body Proportion: Measurements of stature, sitting height and indirectly leg

length (stature minus sitting height) together is called body proportion.

1.2.4 Body mass index: In order to assess secular growth changes in stature, weight,

and weight for stature as expressed by BMI= weight/stature?.
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12.5 Total body fat: Total body fat calculated from body density which predicted
from trochanteric adipose tissue thickness. Total body fat increases in women than in

man with their age, but not in infancy and childhood.

1.2.6 Increment of growth: Increment means progress. Increments can provide more
sensitive information about the normality of growth progress than status at an age or
at a series of ages. The Increments should be calculated for 6-month interval during

the age of 6 to 12 years.

1.2.7 Z-Score: The deviation of an individual’s value from the mean value of a
reference population divided by the standard deviation of the reference population (or

transformed to normal distribution).

1.2.8 Growth factor: There are various types of growth factors role in human body,
such as genetically, hormonal, mitritional, physiological, environmental, seasonal

effect ete.

1.2.9 Types of growth: Infant and children’s growth are normal and abnormal.
Abnormal growth means catch-up or catch down growth in the growing period of

children.

1.3: Importance of the Study

Physical growth and maturation are important partly because they are normal
physiological processes that are essential for the well being of the human organism.
Aspects of growth and maturation can be used as ‘indicators’ of genetically

determined variation, environmental factors or pathological processes.

Physical growth is measured, in general, in four dimensions weight, stature, head
circumference and skeletal growth. Patterns of growth in head circumference are an

6



Chapter 1: Introduction

important index of brain size, particularly during infancy when cranium is thin. It is

also an important predictor of fat free mass.

Weight and weight gain (or loss) are important, particularly during childhood,
because their association with disease. Skeletal growth is responsible for
accumulation of adipose tissue-a risk factor for cardiovascular disease and diabetes.
Stature is also important during childhood because slow growth in stature indicates
the presence of an influence that is retarding the physiological process of normal
growth. In addition it assists the interpretation of weight, particularly as a ratio
weight/staturez, popularly known as BMI (Body mass Index). Some other measures
like arm circumference, chest circumference, etc. are also in use to asses the
nutritional status while measures of different limbs and their relative growth are in use

to asses the over all balanced growth of human body.

According to (Hill; 2008) normal development of growth charts are part of the normal
ongoing monitoring of the new born infant de.velopment is the simple measurement of
weight, length/stature and simple motor skills compared to large data sets of clinically
normal infants. International child growth chart of new standards 2006 for infant and
young child released (27 April, 2006) by the WHO provide evidence and guidance for

the first time about how every child in the World should grow.

The new standards prove that differences in children’s growth to age five are more
influenced by nutritional status, feeding practice, environment and health care than

genetics or ethnicity.

Earlier growth charts had been prepared independently for children of different
countries and nationalities using large numbers of clinically normal children who tend

to be taller and heavier than many other countries. The physician and people all over

7
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the world use that growth chart of WHO which is not symmetrical growth reference
for the children of each and every country. So, every nation should have standard

growth charts of their own.

There are two factors that cause the gradual growth of human child. One is genetically
and other is environmental. Human growth study is meaningful for two reasons.
Firstly, Mongolian population such as China, Japan, Korea-countries are too much
shorter in comparison to the western and the American population. So to develop the
average height population Ergonomics study started institutionally in Japan.
Secondly, usually to ascertain the dose of medicine to children, age is supposed to be
standard. But when same dose of medicine is put on equal aged infants or Childs
whose growth are catch up or catch down or abnormal growth then the dose of
medicine may react in those infants or Child’s body or may not work at all. So
nowadays, practice of prescription of medicinal dose according to the growth of
children has already been started in developed countries.

Animal birth and gradually pre-natal and post-natal growth is a super natural event.
Just like that human infant born and gradually grows day by day. We all know that
infant or children grow, but accurate and quantitative study of this growth began very
late in the history of natural science. So the knowledge about the child growth
depends on the idea by observing external experience. In this field, as in all others
areas the concepts of time and magnitude play a primary part but the simple methods
of qualitative observation do not provide decisive results. Advances in our knowledge
with centauries it have come through the introduction of precision by put up short
techniques in the collection and measurement of observations, and the application of

graphic, numerical, statistical analyzing methods.
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Pediatrics in our country use the CDC growth chart. It is important to the people of
Bangladesh to understand the growth charts of ours which follow our child’s growth
over time or to find a pattern of our child growth. By using the charts they will be
plotting their child’s weight and height at different ages and seeing if he/she follows a
growth curve at any time. Even if their child is at the 5th percentile for his/her weight,
which means that 95% of kids of his/her age weight more than he/she does. If he/she
has always been at the 5th percentile, then he/she is likely growing normally. Through
the child growth is consistently supposed to be in the normal range (between the 10™
and 90" percentile). It would be concerning and it might mean there was a problem
with his/her growth if he/she had previously been at the 50th or 75th percentile and

had now fallen down to the 5th percentile.

Also remember that children between the ages of 6 and 18 months can normally move
up or down on their percentiles, older children should follow their growth curve

fairly. But sorry to say that we have no such growth charts at our disposal.

e Height, weight and changes of various organs parameters are more important for
significant growth and sexual development to the physician who observes and
wishes to control individual growth and physical development. To establish a
medical judgment of an individual’s state of health, if they compare their
measurements with reference data or standard curve values of growth in our
country. Suitable standards must be based on surveys of height, weight, and sex
characteristics of the population to which the child belongs.

e Secular changes in growth patterns are important indicators of the health status of
a population. Influence by hygienic, cultural, and economic conditions, they are

related to changes in morbidity and mortality in our country. Because Secular
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changes are clearly perceptible in variables such as height, weight, chest
circumference, head circumference etc and sexual maturity which provide the

biometric data for studies of growth trend shifts.

* Longitudinal growth and maturation have important social implications. A logical
concomitant of changes in stature is, for example, that clothing, furniture, and
tools have to be redesigned, and that the architecture of homes, schools, and
workshops has to be adapted. An earlier development of maturation characteristics
accompanied by an earlier onset of biological adulthood, will undoubtedly affect

legislation, jurisdiction, and education.

Allometric growth charactetizes probably all living beings. It means differential
growth and refers to developmental patterns of growth which is not uniform, that is,
not all parts of the organism develop at a same rate. An example, known to all who
look at babies and adults and note the difference therein, is head size. While it is true
that an adult head is larger than a baby’s head, it is in fact relatively (in relation to the
baby) smaller. A late fetus has an enormous head in relation to its body length.
Differential growth accounts for the changing proportion of head size. Perhaps an
equally obvious instance of allometry is leg length in humans. The fetal and newborn
babies have short, chubby, and ineffectual legs. The proportion of leg length to body
length is low. About half of the adult height is accounted for by leg length. Obviously,
legs accrue length disproportionately compared with body length. So, allometric
growth model can be used to find change in head and body dimensions of child and

adults.
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Chapter- Two

Genesis of the Study

2.1: Review of Literature

Fundamental Mathematical Concept

y = bx_afc

Allometric Growth

Developed by:

Galileo Galilei

Galileo developed the idea of allometric growth in his Discourse, published
while under the house of arrest in 1638. He noted that the bones of larger animals
grow thicker at a faster rate than they grow longer compared to the same bone in

smaller animals.

Primary Reference

Galilei, Galileo. 1638. Discoursi e demonstrazione matematiche intorno & due
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Chapter 2: Genesis of the Study

Frederic Cuvier probably gave the first example of relative growth (Brain/body
studies: Interspecific and intraspecific comparisons). Cuvier observed that in closely
related mammals the bigger the animal the smaller the relative size of the brain
(Gayon; 2000). However, it is only at the end of the 19th century that a quantitative
formula was proposed for this strange phenomenon. In 1897, Eugene Dubois (1858
1940), the Dutch naturalist who coined the expression ‘pithecanthropus,” published a
remarkable article on the relation between the weight of the brain and the weight of
the body in mammals. Dubois wanted to develop a quantitative tool that could
discriminate between two factors that determine the brain volume: (1) the ‘degree of
cephalization” (reflecting the position of a given species on a scale of evolutionary
progress); (2) size since, in related species, the brain will be relatively smaller in a
bigger species of animal. These two requirements are reflected in his final formula
(Dubois, 1897) for the expression of the relation between the weight of the brain ‘e’
(for encephalon) and ‘s’ (for soma): e = ¢s" where: ¢ is the ‘coefficient of
cephalization’ and 1, is the ‘coefficient of relation’ (Dubois thought that the relative
size of the brain was in fact more dr less proportional to the surface of the body, that
is r = 0.66) This was obviously a power function. Moreover, ‘e’ and ‘s’ were easily
measurable, and ‘r’ could be inferred from comparisons between related species.
From these comparisons, Dubois calculated the value of r as being between 0.51 and
0.55. One year later, a young French physiologist, Louis Lapique applied Dubois’
formula to the comparison of the relative weights of brains between individuals
belonging to a single species, the Dog (Lapique, 1898). He obtained a value for the
coefticient of relation 0.25. In the following decade, Lapique wrote a number of other
articles on the relative weight of the brain both within and among species. He

systematically obtained coefficient of relation values that were close to 0.25 for
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intraspecific comparisons, and close to 0.5~ 0.6 for interspecific comparisons. In
1907, Lapique gave an impressive graphic representation of what he called Dubois’
formula, in the case of interspecific comparisons (Lapique, 1907). This representation
is based upon the fact that the power function e = c+” is strictly equivalent to the
logarithmic equation log e = r log s + log c. With logarithmic coordinates,
comparisons between related species obeying Dubois’ law will lie on a straight line.
Because Lapique accepted Dubois’ conclusion that the coefficient of relation was
always equal to approximately 0.55, his graphic representation of the relative weight
of the brain in related mammals consists of a series of parallel straight lines. Lapique
called these lines ‘isoneural lines’. The equations have the same ‘exponent of relation’
r (that is the same slope); the only difference between them is the coefficient of
cephalization c. On the same diagram, Lapique also drew a series of dashed lines with
a 45° slope. These lines are purely theoretical. They corresponded to what would
happen to a series of animals in which the absolute ratio between brain and body
weight was maintained. Lapique did not comment further on this representation, but it
should be noted that this is exactly the kind of graphic representation that was the
basis of S. J. Gould’s reflection on allometry sixty years later. This leads us to our
first conclusion. Around 1900, Dubois and Lapique’s research on the relation between
brain size and body size involved a mathematical and graphical tool that exactly
corresponded to what was later called allometry (inter- and intraspecific allometry, or
Gould’s “static allometry”). This tool was then commonly applied to iterspecific and
intraspecific comparisons of adults. Lapique tried to apply this tool to a small number
of other nervous or sensory or.gans (medulla, or eye size; see e.g., Dhe're” and
Lapique, 1898; Lapique, 1910). Neither Dubois nor Lapique was interested in

individual growth. It should be observed that they were convinced that the slope of
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the logarithmic curves was always the same: 0.25 for intraspecific comparisons, and
0.5-0.6 for interspecific comparisons. They thought that this was an empirical law,

with no clear theoretical basis.

Dubois and Lapique’s line of research was biometrical. The following approach was
experimental. From the early 1900s onwards, a number of biologists observed that in
many animals, secondary sexual characters grew relatively larger over an individual’s
lifetime. Albert Pe'zard made the first experimental and quantitative study of the
subject. In a doctoral dissertation that was completed before the beginning of World
War 1% (1914) but published only in 1918, Pe’zard studied the development of sexual
characters in cockerels. Plotting the lengths of spurs and comb against overall body
size, he showed that there was an obvious ‘discordance’ between the curves of body
size and comb size, whereas the growth of the spurs approximately followed the
bird’s general development. Pe’zard provided many diagrams illustrating this
phenomenon. He also proposed a new terminology: Growth that follows the general
development of the organism can be termed ‘isogonic growth’, and growth that is
special or conditioned can be called ‘heterogonic growth’ (Pe’zard; 1918).
‘Heterogonic growth’® remained the commonest expression for individual relative
growth until the introduction of ‘allometry’ in 1935, especially in the English
literature. Pe’zard’s monograph was a remarkable experimental study, which
influenced many people working in a wide range of areas: the physiology of sex of
course, but also embryology, endocrinology, biometry. It showed clearly that the
relevant variable was not time, but body size. Furthermore, his use of graphs made the
significance of the data particularly clear. There was, however, an important absence
in Pe’zard’s work. He did not propose any hypothesis about the algebraic form of the

law of heterogonic growth of the comb. In 1924, in a book entitled Sexuality and
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Hormones, Christian Champy, another French physiologist, proposed such a formula.
In this book, he coined the expression ‘Dysharmonic growth® for ‘an extremely
general phenomenon’, which he claimed to have discovered: the continuous increase
of the relative size of secondary sexual characters as a function of body size (Champy,
1924). The book provided impressive illustrations of this phenomenon, especially in
insects. Champy explained this phenomenon by a sexual hormone causing an increase
of the rate of mitotic cell divisions in certain parts of the body. For this reason, he
argued that the relative growth process was adequately described by a parabolic curve
(Champy, 1924). ‘Disharmonic growth’ followed thus a law of the form: V = af
where V is a measure of the secondary sexual character, and ¢ is body size (Champy,
1929). In this formula, the relative growth of an organ is obviously a function of body
size. This equation is not exactly similar to a power law, but it is a special case of it.
Later on, in 1931, Teissier observed that Champy’s law was indeed a good
approximation for the insects he had used to verify his formula. In Dynastes, the
power law is indeed a parabolic law. Neither Pe’zard nor Champy referred to the
classical biometrical works of Dubois, Lapique and others on the relation between
brain and body size. But their work on individual relative growth was crucial to the

emergence of the general concept of allometry.

Huxley and Teissier (1924-1936): Huxley’s first paper on relative growth appeared in
1924. He tried to answer a question raised by Thomas H. Morgan, a year earlier, on
the abdominal width of female fiddler crabs (Uca pugnax). Morgan was puzzled by
the very large abdomen of some of these animals, and wondered whether this
character resulted from their genetic make-up or from the law of growth. Working on
Morgan’s data, Huxley argued in favor of the second hypothesis, and, on this

occasion, used for the first time Pe’zard’ terminology of ‘heterogonic’ and ‘isogonic’
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growth. Although this paper did not provide the law of heterogony which made him
famous a few months later, it did provide a simple method for detecting heterogonic
growth: “The best method of detecting and analyzing heterogonic growth-rate is by
plotting the percentage size of the part in quéstion against the absolute size of some
dimension of the whole body’ (Huxley, 1924a). In the case of Morgan’s data on the
fiddler crab, it was plotting the ratio of abdomen breadth/carapace breadth (A/C)
against carapace breadth (C). If the slope of the curve does not vary as C increases,
the character is isogonic; if it varies, this means that the growth-rate of the abdomen
varies. Huxley provided a sketched graph. The graph contained three curves; two of
them represent the law of growth of two classes of crabs. Another represents the mean
growth of all crabs. One curve shows a typically isogonic growth (A/C varies
continuously and regularly). Another curve shows an isogonic, then heterogonic,
growth. Third curve describes the whole population. Nevertheless, this paper did not
say anything about the law of heterogonic growth, which was the object of a second
paper, published a few months later in Nature. This was a short note, not much more
than a page, but it is certainly Huxley’s most significant scientific contribﬁtion in
terms of empirical research. In this paper, Huxley (1924b) stated a law of heterogonic
growth for the chelae of fiddler crabs. This law is a power law of the form: y = bx*
where: y is the magnitude of the differentially growing organ; x, the body size; k, the
constant differential growth-ratio; b, the constant (origin index). The essential
theoretical feature of this formula is the following: what is constant (k) is not a ratio of
two sizes bu;n a ratio between two growth-rates. Furthermore, Huxley said, the power
law can be expressed equally well as a logarithmic equation: log y = k log x + log b.
Under this form, it provides a remarkably easy method for detecting and proving the

existence of heterogonic growth: with logarithmic coordinates, the heterogonic
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growth of an organ will appear as a straight line. At this point, it is worth asking what
Huxley’s debt to the various authors discussed above was. In his 1924 paper, Huxley
quoted Pe’zard and Champy, but there was no allusion whatsoever to the brain/body
studies. In his 1932 synthetic book on Relative Growth, he occasionally quoted some
late papers by Dubois and Lapicque, but never the crucial papers discussed here.
Moreover he did not allude to them when he solemnly introduces his mathematical

formulation of the notion of ‘constant differential growth-ratio’.

Georges Teissier’s started to works on relative growth and later on interested both in
systematics and biometry. He published on relative growth in 1926 on a function of
body size in various insects. Like Lapicque, Teissier proposed a formulation of
relative growth with the aid of a power law. In his subsequent papers on differential
growth (1928a, b, ¢, 1929), Teissier continued to refer to Lapicque. But he also began
(1928a) to refer to Huxley and to use a differential growth formula, which was
formally identical to Huxley’s. Still he never said that Huxley had discovered it.
Finally, in his doctoral dissertation of 1931, Teissier devoted a full paragraph to the
history of relative growth. There he acknowledged the important role of Huxley, but
denied that Huxley had discovered the method of describing differential growth with
the aid of a power law and logarithmic coordinates. He said that this method of
description of relative growth had been discovered in 1897 and 1898 by Dubois and
Lapicque (Dutch and French respectively), and that they had applied it to the study of
the variation of characters such as brain size or the area of the retina, as a function of
body size in vertebrates (Teissier, 1931). Did Teissier deliberately quote Lapicque
instead of Huxley in his first paper, in order to avoid recognizing Huxley’s priority?
This is possible, but he does not think it is the case. More simply, Teissier was

biometrically oriented, he was originally interested in inter- and intraspecific
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comparisons in adults, and it was only a little later (in his doctoral dissertation) that he
came to be interested also in individual growth (Teissier, 1931). Whatever the case,
the lesson of this story is that the discovery of the concept of constant differential
growth ratio is a complex one. Huxley certainly played a major role in it, in
interpreting individual growth in terms of a power law. But he did not discover a
formula that had never been previously thought to apply to differential growth in
general. This being said, at the end of the 1920s and in the 1930s, a veritable industry
of differential growth has rapidly developed. The power law was verified in
innumerable examples, and became a standard tool for the study of simple és well as
complex patterns of development, with different parameters for simultaneous
allometric curves in the same animal, critical points, etc. Many examples of this kind
of study can be found in Huxley’s and Teissier’s synthetic books published in 1932

and 1934 respectively.

Huxley’s and Teissier (1936) decided to abandon the terms they had each previously
used: ‘allometry’ replaced Huxley’s ‘heterogony’ and Teissier’s ‘dysharmony’;
‘isometry’ replaced ‘isogony’ and ‘harmony’. They also agreed on a common
symbolic formulation of the law: y = bx” the comparison of the French version and the
English version, and the correspondence between the two authors show that most
differences are unimportant. There is however one major difference. It concerns the
constant ‘b’. For Huxley, this constant had no biological significance whatsoever. His
‘b’ was no more than the value of y when x = /. This constaﬁt was therefore arbitrary,
and depended only on the choice of the measuring-unit. Since this unit could be such
that the allometric relation did not exist for a given value of x, the ‘b’ parameter had

no biological signification. Teissier did not agree. He felt that ‘b’ could be given a
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biological meaning if attention was paid to the statistical nature of the data. For this
reason, he introduced into the French version the following sentence: ‘from a
statistical point of view, it represents the mean value of the ratio y/x for all the
observed individuals’ (Huxley and Teissier, 1936a). Huxley did not put this sentence
in the English version. In another paper published in 1936, Teissier provided a
remarkable example of the biological meaning of the coefficient ‘b’. He showed that
local populations of a given species could have allometric equations for a certain
organ that differed only by the coefficient ‘b’. If for example the growth of the chelae
of a lobster could be described by two successive allometric equations, and if the only
difference between the two local races was in the ‘b’ coefficient of the second
equation, this meant that one of the races initiated the second phase of growth earlier,
in younger animals. This disagreement between Huxley and Teissier proved

extremely important for the further history of allometry.

Allometry is a modern evolutionary theory in growth. A lot of work has been done in
the 1980s and 1990s on the physiological and embryological mechanisms that act as
proximate causes of allometry (Stern and Emlen, 1999). This would be a fascinating
subject; it is frequently argued that the Modern Synthesis neglected morphology and
embryology. This is partly true, and thus partly false. What they will try to show here
is that allometry was a major opportunity for those responsible for the Modern
Synthesis to take into account morphology and embryology. Allometry was certainly
not a major theme in the early phase of the modern synthesis (1940s), but it became
quite important in the 1950s and 1960s among biologists who were obviously
working within the paradigm of the modern synthesis and Stephen Jay Gould as an
exemplary model of this attitude. A complete historical description would obviously

include many other authors. However Gould can be seen as the person who most aptly
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recapitulated and renewed the subject. Thus, Gould show how insofar as he worked
on allometry, played a major role in the completion of the Modern Synthesis.
Strangely enough, Huxley (1942), in his Evolution: The Modern Synthesis, did not say
much about allometry. He devoted to this subject are essentially a compilation. No
clear idea emerges as to the possible important theoretical problems raised by
allometry for the modemn synthesis. Huxley, like many others involved in the
Synthesis, was probably embarrassed by the idea that, if allometry was really a very
important phenomenon in evolution, then it challenged the overall adaptationist
orientation of the synthesis. In 1949, however, Norman Newell, an invertebrate
paleontologist who later tutored Stephen Jay Gould, published an important article on
phyletic size in invertebrates in the journal Evolution. A few passages are devoted to
allometry. They were sketchy, but obviously important for the author. Basically,
Newell rejected the common view according to which allometry implies non adaptive
or orthogenetic evolution. Newell used three arguments; all related to the so called
constant parameters of the allometric equation. Firstly, he claimed that the parameter
a (the constant differential growth-ratio) is in fact modifiable by natural selection.
Secondly, the constancy of a (which Newell calls ‘k’) can in certain cases be
attributed to natural selection. Following Simpson, Newell mentioned the example of
the relatively wider limb bones of larger land vertebrates. Here we have an allometric
curve with an exponent approximately equal to 1.5. This is obviously due to natural
selection: ‘Large animals without a proper relation between limb and body size would
.not survive’ (Newell, 1949). Thirdly, the ‘b’ parameter can also change as a
consequence of natural selection. The main themes of Gould’s approaches were as
follows: (1) Clarification of the meaning of the constant b in the allometric equation.

(2) Clarification of the relation between allometry and adaptive evolution. (3)
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Clarification of the relations between the various modes of allometry. Although this
was not clear from the outset, these three themes were in fact closely related.
Concerning the “b’ parameter, Gould, like Teissier, whom he significantly quoted that
it has a biological significance, and indeed a major one. In interspecific or
intraspecific allometry, changing ‘b’ means generating a new regression line, which is
parallel to the previous line, but is shifted one way or another. Gould’s question is |
thus: from a dynamic point of view, how are certain species able to transcend their
allometric curve, and jump to another one? In particular, how can they preserve their
overall shape that is the absolute value of the ratio between one particular organ and
the global size of the organism when size increases? From a mathematical point of
view, such a process means that a certain lincage would be able to shift from one
allometric curve to another along a line of slope 1. Gould (1971) diagram is very
similar to Lapique’s representation of 1907, with its theoretical lines of slope 1 going
from one allometric curve to another. For Dubois, moving from one “‘isoneural’’ line
to another could be accomplished by a sudden change in the ontogeny. Dubois
thought that mammals had increased the absolute brain/body ratio by successive
doubling of the number of neurons in early embryogenesis. The second possible
mechanism is acceleration or retardation of development in the course of phyletic
evolution. In contrast with Dubois’s schema, this hypothesis ‘does not imply sudden
change, but a gradual evolution that involves intraspecific selection or selection
between closely related species. For Gould, allometry, when it exists, is most often a
non-adaptive source of evolutionary change. Such a change is a mecﬁanical
consequence of the increase in size, an increase that is itself adaptive. Thus allometry
will most often be a source of biological diversity. But once the increase of size has

taken place, organisms have to compensate for the non-adaptive effects of allometry.
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In constant environments in particular, allometric parameters (‘b” as well as ‘a’) will
be subject to natural selection. The treatment of allometry relies on bivariate analysis.
However, modern analysis of the evolution of shape relies on extensive use of

multivariate analysis.

Allometry is a modern evolutionary theory in human growth. Bacallao et al. (1992)
studied on multivariate allometry model fitted to Morphometric Harmony of four skin
fold in a sample of 250 newborn. Harmony is identified with the attribute of small
variability of a function of morphometric dimensions. The chosen function defines
allometry if it is linear in the natural logarithms of the variables. The existence of a
harmonic relationship among the skin folds, which is independent of weight, total
body mass index, and several other maternal variables, is indicated. However some
evidence that suggesting a possible correlation with the nutritional condition of the
mother. The analysis showed that the multiple allometry model adequately describe

the harmonic relationship among four skin folds in the newborn.

Wales (1998) had shown that short-term human growth is non-linear (allometric)
unpredictable. It is therefore not possible in clinical practice to predict future growth
from short-term measurements although it is valid to compare dose and efficacy of
growth suppressing and promoting therapies in carefully designed studies.
Longitudinal studies of increasing intensity and the use of new and as yet
undiscovered technique of measurement and analysis are still required to look deeper
and deeper into the biology of the growth process.

In Shea (1989) and Alberch (1990), heterochronies are described as perturbations of a
‘common pattern of growth allometry’, either in growth duration (prolonged or

truncated growth) or in growth speed (retarded or accelerated growth). The
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multivariate approach to allometry allows us to obtain the ontogenetic shape changes,
which are shared by humans and chimpanzees. This fundamental concept of
heterochrony (perturbations of a common growth pattern) disappears when inadequate
metric methods are used (Klingenberg, 1996). The common growth pattern of the
skull makes reference to similarities in craniofacial development in mammals, and
more particularly in apes and humans (Enlow,1968; Enlow and Hunter, 1970;
Bromage, 1992).

Ohtsuki and Ito (1980) applied allometric technique to find the secular change in head
dimension with respect to stature. Recently some researchers have used allometric
technique to look for secular changes in lon bones and early maturation with respect
to stature (Jantz and Meadows, 1995; Jantz and Jantz, 1999 ). Hossain, G. (2002) has

used this technique to find the secular changes in head dimensions of Japanese adults.

The history of child growth and development study is not very old. In between 1927-
32, several research center and institutes were developed on the multidisciplinary
study of child growth of which Fells Research Institute (1929), Institute of Human
Development (Berkeley), The Child Research Council (Boston) are important. White
House Conference (1933) on Child Health and Protection recommended the need for
such studies. The idea behind such studies was partly to shield children from the
worst effects of the Great Depression and partly to acquire further knowledge to

determine the effects of the Great Depression and the possible remedial effects.

Various kinds of research on the growth of human body and organs
In the developed countries like America, Europe, German, Russia, Cuba, England,
Spain etc Comas Juan (1930), in his famous book Physical Anthropology has

discussed the growth of various organs of human body at age 0-18 years.
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Ali and Ohtsuki (2000) estimated the maximum increment age (MIA) in height and
weight of Japanese boys and girls during the birth years 1893-1990 using the
published data of the Ministry of Education, Science, Sports and culture in Japan.
They found that the estimated MIA shows an overall declining trend, except in birth

year cohorts in 1934-1951.

Chinn et al. (1989) had studied of secular trend in height by using the data of Primary
School Children from schools participating in the National Study of Health and
Growth in 1972, 1979 and 1986. About 50% of the trends from 1972-1979 for English
and Scottish boys and girls were accounted for by changes in family size, with some
contribution from increase in parental height and from birth weight, but almost none
from changes in social class distribution. Estimates for 1979-1986 showed that the
trend towards increased height in five to eleven years old children.

Tsuzaki et al. (1990) studied the difference in head circumference between Japanese
and Caucasian Children. The subjects consisted of a total of 42,392 Japanese children
between zero and four years of age surveyed from 1940 to 1980, and those data were
compared with those of American and British children. They found that, there was a
significant ethnic difference in head circumference, as large as one channel of usual
percentiles, between Japanese and Caucasian children. The results indicated that
smaller head circumference in Japanese children primarily reflects smaller stature of

the Japanese.

Lindgren and Hauspie (1989) have conducted a longitudinal study of physical growth
of Swedish School Children, born in 1955 and aged 10 to 18 years. They have shown
the secular changes in height, weight and weight-for- height as expressed in BMI.

From the samples of Swedish School Children born in 1955 and 1967 they have
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compared average heights and weights over 10-15 years. The main findings were that
both boys and girls had been gaining more weight than height, especially around the
ages at which peak velocity generally occurs. Since the increasing height of children
born in 1967 gradually diminishes after age at peak height velocity, it seems that the
height difference during puberty mainly reflects an earlier maturation of these child’s,

compared to the child’s born in 1955.

Henneber and Louw (1998) have discussed on the patterns of physical growth (height,
weight, length of body segments, circumference, widths and functions of grip
strength, reflexes and pulse rates) “Cape Coloured” School children. Data were
collected on selected urban and rural groups with maximum contrasting socio-
economic status (SES). The heights and weights of pre-pubertal urban children match
American reference data, but post-pubertally they decline some what, whereas these
measurements of the children consistently put down standard deviation below the
urban group. Skin folds thickness of urban children match or exceed the American
reference, implying that their nutritional needs are being met well. Functional

- Indicators of rural children are much poorer than those of urban children.

Rosique and Rebato (1995) had studied on regional differences in the growth of
Spanish children by fitting the Preece-Baines-1 Model to cross sectional stature data.
The function parameters and derived biological variables were used to compare
children from seven different studies. Regional differences in growth are interpreted
as a result of a geographic variation among Spanish provinces in demographic, public
health and nutritional conditions. There are differences between urban samples
depending in region. Adult stature and the pattern of growth differ between urban and

rural populations from the interior lands. Males from urban Extremadura, Barcelona
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and the Basque country show the tallest adult statures. Adult statures of males from
Segovia, Extremadura emigrants and Cuenca are not only the lowest but the growth
pattern shows delay in estimated ages at take-off and PHV compared to the other
populations. Estimated age at PHV is later for all male samples compared to Vizcaya,
except for the sample of Barcelona-1. Females from Barcelona-2, Segovia and the
Basque country show the tallest adult structure. All of the female samples except that
of urban Extremadura, have an earlier estimated age at PHV compared to the sample

from Vizcaya.

Greulich (1976) analyzed on three hundred and sixteen (35%) of the American-born
Japanese children whose height, weight and skeletal age where recorded in 1956-57
were reexamined as young adults between 1968 and 1974, when they were found
taller, heavier and shorter legged than men and women in Japan who were born in the
same years as they. These differences between the American-born and the native
Japanese adults were relatively smaller than they had been during childhood, due to
both an acceleration in the growth rate of the native Japanese and a concomitant
decline in that of the American-born Japanese during the intervening years. A
comparison of their 1956-57 data with Kondo and Eto’s findings in Los Angeles in
1971 shows that there have been very little increase in the size of California-Japanese
children between 6 to 20 years of age, at 10-year intervals from 1900 to 1970,
disclosed the changing rate at which they grew during different of that period. Those
curves and other data discussed in their paper provide additional evidence of the

biological superiority of the human female as compared with the male.

Mohammad et al. (1999) have investigated BMI from weight and height data obtained

from the 1990-1992 National Health Survey, a random cluster sample survey of 1 in
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1000 families in Iran. Weight-for-height percentiles of children and adolescents aged
2 to 18 in Tehran have been computed relationships between weight for age and
height for age Z-score. The resulting percentiles are compared to weight-for-height
percentiles for BMI (weight/height®) charts. From the investigation of the data points
age by age revealed that the normal range of BMI for age is effectively equivalent to

the normal range of weight-for-height by age.

Ashizawa et al. (1994), estimated the diversity of adolescent growth, spline-smoothed
individual velocity curves of stature, body weight and chest circumstance of 44 girls
in Tokyo, of which menarche was recorded correctly. Additionally, 25 variables of
ages at peak velocity, intensities, sizes and weight at the peak and at menarche, and

terminal height are obtained.

McGregor and Billewiez (1982) describéd of heights and weights for more than 25
years for two neighboring Gambian villagers have been used to the pattern of growth.,
Height growth curves from the age of 5 to 25 years were fitted for 55 boys and 62
girls. The curves indicate that puberty is much delayed in Gambian adolescent in

comparison to British and West Bengal data.

Norgan et al. (1982) anthropometrically measured 105 coastal and 115 highland 17-48
year old new Guinean men and women. The two groups experienced different
physical, biological and social environments, the highland group being less exposed
to new influences. Highland men had greater body weights and fat-free masses than
coastal men but stature, body density, skin fold thickness and fat mass were similar in
the two groups. In the women, there were significant negative correlations of age with
body weight, skin fold thickness and fat-free mass and fat mass which contrasts with

the changes seen in European populations.
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Malina et al. (1985) had calculated relationships among ages at attaining 17 or 21
indices of maturity were considered in a longitudinal sample of 177 Polish boys
examined at annual intervals from 1961 to 1972. Maturity indicators included ages at
peak velocity for stature, sitting height, leg length and weight. All inter correlations

among the development indicators were positive.

Rao and Reddy (2000) made a cross-sectional study on 1565 Sugali children (854
boys and 711 girls), aged 1 to 20 years. Anthropometric measurements included
height, weight, skin fold measurements at triceps etc. They had found that the Sugali
boys and girls are shorter and lighter than well-to-do Indian standards. The median
heights and weights of Sugali boys and girls fall below the 5™ percentile of NCHS

standards. Finally, the results were discussed with a comparative view point.

Malina (1979) had broadly examined and discussed about the children of today are
taller and heavier and mature earlier than children of same chronological ages several
generations ago. The secular trend, however, is not universal. Data showing a secular
trend in growth and maturation are derived largely from Europe, Australia, Canada
and the United States and from Japan. His review considers secular changes in

growth, maturation and physical performance.

Livshits et al. (2000) studied 681 Israeli boys and girls, including 355 regular siblings
(SB), 112 pairs of dizygotic (DZ) and 51 pairs of monozygotic (MZ) twins, was
measured for body weight, length and head circumference at birth and during the first
year of life. Variance decomposition analysis was used to simultaneously assess the
contribution of gender, gestational age, additive genetic factor, common sibs’
common intrauterine environmental effects on total variances of each studied trait

separately. All these sources of variations were statistically significant.
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Hoppa and Garlie (1998) estimated between comparisons of measurement of height
from the late 19" to mid 20™ century in Toronto School children. Comparison of the
Toronto growth profiles to other published 18™ and 19™ century growth data
demonstrates that the secular trend in the Canadian children is a reflection of the
continued global trend towards increased height. The implications of this changing
pattern over time are discussed in the context of changing urban health and nutrition

in the greater Toronto area.

Togo and Togo (1982) had conducted a research on stature and body weight in five
siblings based on monthly measurement data. Time-series of stature, body weight and
their increments per month was made and resulting in three components a trend and
cycle factor, a seasonal factor and an irregular factor. Significant seasonal variation
was found in both stature and body weight. Trend factor in increment indicates that
growth rate of stature or body weight are fluctuating, instead of being smooth,
suggesting that from birth to maturity acceleration and declaration occur alternatively,

like repeated retardation and sub sequent catch-ups.

Beunen et al. (1981) had estimated the relative importance of skeletal age,
chronological age in explaining body measurements and relative importance of
skeletal age, chronological age, height, weight and their interactions in explaining
motor fitness components are reported. The interaction between skeletal age and
chronological age as such or in combination with height/weight has the highest
predictive value except for trunk strength (leg lifting) and functional strength (bent

arm hand).

Galllo and Mestriner (1980) had presented the wvalues for height, weight,

circumference for 2, 115 Somalis aged from birth to 18 years. Height and weight
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means are plotted on American Standard Charts. The circumferences are compared
with variables in Americans and European descent. The difference of the Somali
means when compared with the International Growth Standard Charts suggested the

construction of local growth charts to use in Somalia.

Ali and Ohtsuki (2000) had discussed longitudinal growth in stature for 509 males
and 311 females characterized from early childhood to adulthood. A triphasic
generalized logistic (BTT) model was used. Growth parameters are derived from the
estimated distance and velocity curves for each individual. A set of estimated growth
parameters, including adult stature, was selected to develop equations, through the
forward stepwise regression method, for the prediction adult stature for Japanese boys

and girls.

Cole and Roede (1999) was found the distribution of body mass index (BMI) in
Holland from the nationally representative grown survey in 1980, when obesity was
uncommon. Forty-one-thousand boys and girls age 0-20 years. BMI percentiles based
on the original height and weight data were derived using the LMS method. They had
shown, median BMI the familiar pattern of a rise in the first year, followed by a fall,

then a second rise after 6 years.

Ashizawa et al. (1994) estimated to make clear the diversity of adolescent growth,
spline-smoothed individual velocity curves of stature, body weight and chest
circumstance of 44 girls in Tokyo, of Which menarche was recorded correctly, were
provided. Additionally, 25 variables of ages at peak velocity, intensities, sizes and
weight at the peak and a menarche, and terminal height were obtained. On an average,
take-off for height occurs at age 8.5, then that for weight at 8.8, for chest

circumference at 9.1.
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Nagamine and Suzuki, (1994) had studied on 96 Japanese college men and women for
the criteria of body composition, skin fold thickness and body density, to apply these
to the evaluation of the nutritional status in young Japanese men and women, and to
compare them between races. They had found the correlations between body density
and skin folds are highest in the abnormal region for men and in the sub scapular
region for women. Of the correlation between body weight, body surface area and fat-

free mass has the highest coefficient with density.

Matsuo et al. (1990) studied on controversy exists regarding possible international and
interracial differences in head circumference of children. They wanted to see if there
was a difference in head circumference between Japanese and Caucasian children.
They concluded that there is a significant ethnic difference in head circumference, as
large as one channel of usual percentiles, between Japanese and Caucasian children.
The results indicate that smaller head circumference in Japanese children reflects

smaller stature of the Japanese.

Kaplowitz et al. (1991) had discussed on Longitudinal Principal Components (LPC)
analysis was used to assess growth patterns in children from rural Guatemala in order
to determine their methodology regarding correlates of growth compared to more
traditionally used methods, based on attained size and increments. Components
indices representing percentile level and percentile shift, attained size, and 3 to 36
month increments of growth was calculated multiple regression. They found from
regression results were similar, higher nutritional intakes associated with more rapid

growth.

Gyenis (1997) had shown his study that a positive secular trend had been continuing

in University students in Hungary between 1986 and 1990. There was another
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socioeconomic characteristic of the analyzed measurements in the sample: students
who were born elsewhere in the country had lower values, both in height and weight,

than those students born in Budapest in the 15 successive classes studied.

Shani et al. (1994) studied on weights of apparently normal hearts were obtained from
1,344 male and 313 female adults from the Chandigarh region of Northwest India. On
home a medico-legal autopsy was performed. OQartial correlation between heart,

weight and supine length were significant.

Kim (1982) had discussed in the growth status of 845 (boys 403, girls 442) Korean
school children born and raised in Japan aged between 6 and 17 years in 1978.
Height, weight, chest circumference and sitting height of Korean school children in
Japan were compared with those of Japanese children. Korean school children in

Japan were slightly taller at every age for more favorable environment in Japan.

Chiaki et al. (2004) they studied and construct a chart of body proportion of girls and
boys in Japan from Nationwide students. They have found that, Japanese boys (13.5-
17.5 years old) were taller and have relatively longer legs than Japanese girls in the
same age group. In boys, the percentile values reached the lowest at 13.5 years, then
increased slightly. In girls, the percentile values remained constant after 11.2 years,

which is different in boys.

Tosellis et al. (2005) studied on the growth of human migration populations. They
have studied on the growth pattern from birth to 24 months and the body composition
of Chinese infants born and living in Bologna. Weight and height values are higher in
Chinese children than in Italians. So, they have found the supporting hypothesis that
Chinese children born and living in Italy grow in an appropriate environment their

growth potential.
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Cameron et al. (1994) had conducted a study on adolescent growth in height, fatness
and fat patterning was investigated in sample of 79 rural South African black children
studied longitudinally from 6- 18 years. Data were analyzed relative to peak height
velocity (PHV) to identify the phenomenon of “compensatory” growth in height
during adolescence and to describe changes in fitness and fat patterning, Statistically
significant differences in fatness and centralization between males and females did

not occur until about 2 year after.

Kasai et al.(1995) had studied on changes in the stature, weight and peak at maximum
increments in Chinese urban girls 7-17 years of age between the 1950 and 1985 in
Chinese cities. An overall increasing trend is apparent for stature and weight. Gitls in

1985 attained peak growth earlier, by 1.08 years and .40 year per decade.

Already it has accomplished research on human growth in various countries in the
world. Probably most of the works have been executed on human growth in Japan. On
the other hand, the principal purpose or target was on the basis of such work in the
developed countries to detect the nutritional status of both the babies and mothers. By
this time, three reports in Bangiadesh have been recently published, two of which
have been observed and directed by NGO’s in Bangladesh and other one has been
published by Pervin (2008), researcher under supervison of Prof. Abul Basher Mian

and Prof. Md. Ayub Ali, University of Rajshahi.

Very few researches on human growth for Bangladeshi children were addressed
(Huffman et al., 1995; Taylor et al., 1993; Karim and Taylor, 1997, 2001). Pervin
(2008) collected longitudinal data on 11 pre-selected variables of child growth during
the period of 25 May, 2002 to December 2006 for a group of children from birth to 48

months of age from Rajshahi city of Bangladesh and she has found variations of
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within and between the sexes. She was also found an interesting findings, that is right
and left wrist-elbow length differs by more than 2 cm among the children of the study

area.

2.2: Research Gap

It is evident from literature review that there is limited research to support a
prescribed frequency for performing anthropometrical measurements in order to
identify children with physical growth disorders in general. In particular, there have
no such significance research which is related to growth monitoring of Bangladeshi
school going children. So, Serial measurements data of stature, weight, sitting height,
leg length, head length and head breadth etc, as part of scheduled well-child visits are
required for this purpose. It is to be mentioned that the ideal number of health
maintenance visits either by NGO’s or Government initiatives has not been
established till now for the Bangladeshi children. In Canada, their current
recommendations are that they be organized according to the immunization schedule
with additional visits within the first month and followed by additional observations at
regular intervals up to 2-6 years of age. For the early identification and referral of a
child whose abnormal stature or rate of weight gain may indicate a problem that might
require treatment. In cases where a growth problem is suspected or a child’s response
to therapy is being monitored, more frequent measurements may be required.

Growth charts are a graphic representation of body measurements that aid in the
assessment of body size and shape, and the observation of trends in growth
performance. They are used in the assessment and monitoring of individual children
and in screening whole population. Growth charts are not diagnostic and may be used
in conjunction with other information when evaluating a child’s health. There is an

important distinct between a growth reference and growth standard. A reference
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simply describes its sample without making any claims about the health of its sample,
where as a standard represents ‘healthy” growth of a population and suggests a model
or target to try and achieve the given charts. Growths charts currently use describe
existing growth patterns and are therefore references, not prescriptive standards.

The Government of Bangladesh (GOB) is committed to improving the health of its
people, particularly for mothers and children. Health services are mainly provided
here through public hospitals and private hospitals & clinics, the nature of services
being curative, preventive and promotional, especially health care for women, mother
and children. Bangladesh dose not have a national pediatric surveillance system for
collecting anthropometrical and nutritional data; therefore, national growth charts do

not exit for Bangladeshi children.

Many researcher have applied the allometric technique to find relative growth
(Huxley and Tessier, 1936; Sholl, 1948; Shepherd et al., 1948; Gould, 1966; Ohtsuki,
1980; German and Meyers, 1989; Ravosa, 2000; Martinez et al., 2000; Leonart et al.,
2000; Schleucher and Withher, 2001). Ohtsuki and Ito (1980) applied allometric
technique to find the secular change in head dimension with respect to stature.
Recently some researcher have used allometric technique to look for secular changes
in long bones and early maturation with respect to stature (Meadows and Jantz, 1995;
Jantz and Jantz, 1999 and Klepinger, 2001). Hossain G (2002) has used this technique
to find the secular trends in head dimensions with respect to stature over time. This
approach will be used in this research to compare the relationship in head and body
dimensions with respect to stature for rural and urban children and also for male and

female children.
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2.3: Objective of the Study
The main objective of this research is to study Allometric growth in children from
Jessore district together with the longitudinal growth study on stature, weight, sitting
height, leg length, arm length, head length, head breadth etc followed by construction
of some important growth charts to monitor the growth of a child and that may be
used to compare the growth of urban and rural children and also it may be used to
compare the growth standard of Bangladeshi school going children with other
standard population.
The details of objectives are:
i) to study stature of primary school going children by age and sex, 6-11 years,
ii) to study weight of children by age and sex, 6-11 years,
iii) to study sitting height of children by age and sex, 6-11 years,
iv) to study leg length of children by age and sex, 6-11 years,
v) to study head length of children by age and sex, 6-11 years,
vi) to study head breadth of children by age and sex, 6-11 years,
vii) Constructing of child growth reference charts of :

a. Stature for age,

b. Weight for age,

c. Sitting height for age,

d. Leg length for age,

e Chest circumference,

f. Head length,

g. Head breadth,

h. Head circumference,

i. Upper arm length (left & right),
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J. Elbow length (left & right),
k. Tibia length (left & right),
1. Arm circumference

ix) to estimate various allometric growth models among the above variables.

2.4: Organization of the Study

There are six chapters in this thesis. Chapter 1 is Introduction, which contains prelude,
indicators of child growth and importance of the study.

Chapter 2 is the Genesis of the study that contains literature review, research gap,
objective of the study and organization of the study.

Chapter 3 is the materials of the study. It contains selection of study area, sampling
design, problems of data collection, and selection & measurements of variables.
Chapter 4 is the methods of the study. It contains descriptive statistics and allometric
model.

Chapter 5 is the main chapter of the study consisting of research findings and
discussion of the results.

Chapter 6 is the concluding remarks consisting of major findings, limitations of the
study and scope for further research.

A bibliography is appended at the end. The questidnnaire of the study is affixed in the
appendix.

Declaration, title page, acknowledgement, table of content, list of figures, abstract and

abbreviations are appended at the beginning of the thesis.
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Chapter- Three

Materials of the Study
3.1: Selection of the Study Area

We have Jessore district as our study area. Jessore district is situated on the south west
side in the Map of Bangladesh. It is the oldest district of Bangladesh. The river
Bhairab is passing throw this district. It lies between 22°48 /- 23°25 / north latitude
and 88°90 - 89.35 / east longitude (Geology.com). The area of Jessore district is
2570.42 square kilometers and total population is 24,71,554 (census on January 23 to
27, 2001).

Map of Bangladesh and Jessore district are appended for showing various important

locations.
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3.2: Sampling Design

In this study area of Jessore District, there are 08 Upazilas. One Upazila is chosen at
random and it is found to be as “Jessore Sadar”. There are 135 primary schools in
Jessore Sadar Upazila and they are divided into Urban School and Rural School.
Urban area has 35 primary schools and rural area has 100 schools. Three primary
schools from Urban and four primary schools from Rural are chosen at random. Data
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was collected longitudinally from November 2006 to November 2009. Children from
class T in the year 2006 of every selected school were considered as the sample

observations.

Different growth information of all the children is taken from the direct measurements
taken at their School and parent’s information is collected from their residence. A

questionnaire is used (please see in the appendix).

If any subject (child) was absent in the school then we had to go to their own
residence or grandfather’s or other relative’s house as necessary. All measurements
have taken with minimum pressure by instruments. Every measurement was repeated

two or three times and the average value was considered as the data.

Name of the selected schools are appended below:
For Urban area;
(i) Polytecnic primary school,
(i)  Jessore Shikkha Board Model School & College, and
| (iii))  Badsha Foysal Institute.
For Rural area;
(1) Chawlia Govt. Primary School,
(ii) Rupdia Shaheed Smrity Kinder Garten School,
(ii1) Zirat Govt. Primary School, and

(iv) Paddabila Govt. Primary School.

3.3: Problem of Data Collection
This study is a longitudinal growth study of Bangladeshi primary school going
children. In this study the growth measurement of child have taken by 6 - 12 years of

age at regular interval of six months properly and timely.
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Longitudinal study is time-consuming and laborious, and it is quite difficult to
observe particular subjects at regular intervals over a long period of time without any

interruption.

During the study, we have lost about 24% of the sample due to migration of the
parents. To confirm the birth date of the child, it was a problem that in rural area,

most of the parents did not remember.

3.4: Variables Selected
In this research we have selected the following quantitative variables for the study:
» Stature
*  Weight
» Sitting Height
* Leg Length
*  Chest Circumference
» Right and Left Tibia Length (Length from Knee to Ankle)
»  Upper Arm Length ( Right and Left )
* Elbow-Wrist Length ( Right and Left )
» Arm Circumference ( Right and Left )
+ Head Circumference
* Head Length
* Head Breadth
3.5: Measurement of Variables
We have used some instruments in our research, such as: (a) Weight machine, (b)

Spreading Caliper, (¢) Length measurement Tape, Steel scale etc.
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Stature: We have taken stature (cm) of children by measurement tape. With his/her
heels together by standing situation (near wall where setting measuring tape) touches
a steel scale with the top of the head and measuring tape, we have to measure the total
distance between steel scale and the floor. We have taken stature measurement of
children at every six months.

Weight: At every six-month we have taken weight of children by our weight machine
by standing position. Weighing has done with child clothed only in lightweight. In the
latter circumstance the measurements has taken corrected as possible as accordingly
by adjusting the machine to read zero.

Sitting height: Measured with the child’s back stretched up straight as he/she sits on
a table top with his/her feet hanging down unsupported over the edge; the back of
his/her knees should be directly the edge of table. Gentle traction was applied under
the chain; the muscles of thighs and buttocks should be uncontracted. The head was
held vertically, in contact with the back at the sacral and inter scapular regions.

Leg Length: Subtracting sitting height from stature we found leg length.

Chest Circumference: Measured at the marked union of 3 and 4™ stern brae, at right
angles to the axis of the body, at tend of a normal expiration.

Right and Left Tibia Length (Length from Right Knee to Ankle): The Child stood
on a flat surface. The measuring scale was held vertically and the distance measured
from the standing surface to tibia.

Upper Arm Length (Right and Left): The external superior border of the head of
radius was marked, and the length from this mark to inferior border of the acromion
process was taken.

Elbow —Wrist Length (Right and Left): By keeping child’s both hands horizontal

and vertical position like as 90° angle and both hands are parallel, now by measuring
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steel scale measured the distance between at the end point of elbow and at the ending
point of wrist.

Arm Circumference (Right and Left): By keeping child’s both hands horizontal and
vertical position like as 90” angle and both hands are parallel as a normal we have
taken the measurement of arm circumference. The midpoints between the distances of
shoulder and elbow by measuring tape.

Head Circumference: To measure head circumference it is necessary with the round
over the head comparatively highest sloping place and upon just of the ears, glabellas
or eye brows by measurement tape. The plane of the tape must be the same on both
sides of the head. The tape is pulled tightly to compress hair and obtain a measure that
approximates cranial circumference. We have taken measurement by this technique.
Head Length: The measurement of head length has taken by Spreading caliper. The
maximum length in the sagittal plane from glabella (the most salient point between
the eyebrows) to the most salient point on the occiput. Pressure is exerted to compress
the tissues.

Maximum Head Breadth: The greatest transverse diameter of the head of a child is
called head breadth. The measurement of head breadth has taken by spreading caliper.
This is usually found at a point over each parietal bone (each point is termed the

euryon).

43



Chapter Four

Methods of the Study



Chapter 4: Methods of the Study

Chapter- Four

Methods of the Study

“By Statistics we mean aggregate of facts affected to marked extent by multiplicity

of causes mimetically expressed, enumerated or estimated according to reasonable

standard of accuracy, collected in systematic manner for a predetermined purpose

and placed in relation to each other” — Prof. Horace Secrist

4.1: Descriptive Statistics

The mean, standard deviation and other descriptive statistics for various body and

head dimensions of rural and urban children were calculated as

g
Mean: x—ﬁzlixi
=

Where n = total no. of observations.

. . 1 n _
Standard deviation, o= /—Z(xi -x)°
na

Mean of the composite series as:

- mXi1+n,X2+..+n X
o=

B0, + .t R,

And standard deviation of the combined series as:

5 = n(c?+d})+n,(o +d2)+..+n(o] +d;)
¢ AN, +..+n,

(where notations are of usual assumptions)

Percentile: The i" percentile is given by

ixz‘—F

c

100
P=E+ Bl e
7

Where
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P,= i percentile,

L = Lower limit of i percentile class,

N = Total number of observations,

F. = Cumulative frequency of class preceding of i" percentile class,
f= Frequency of i" percentile class, and

¢ = Class interval of i percentile class.

4.2: Allometric Model
Huxley (1932) proposed an allometric equation to find the rate of increment of one
dimension of an organ with respect to another of the same or other organ, usually total

body size. Huxley pointed out that if two parts (y and x) grow in accordance with the

dy dx
dr _p, %Zt
X

equation, (6)
Then g,;‘f =5 7)
or, g’yz =h % (8)
Integrating on both sides

logy=blogx + ¢

or, logy =blogx + loga [ let integral constant, ¢ = log a | (9)
Where a and b are constant

or, logy = log ax’

=5 g = i (10)

Which is log linear relationship (eq. 9) equivalent to non-linear relationship (eq. 10).
Here the dependent variable y, which represents a dimension whose increase, is

considered relative to that of the independent variable x, which may represent a
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different dimension of the same organ or more commonly a measure of total body
size. The logarithmic function (eq. 9) can represent a rectilinear plot of the original
variables using logarithmic coordinates. Where, ‘b’ is the slope of the regression line,
which represents the rate of increment of y with respect to X, and the constant ‘log a’
is the intercept on the y-axis, which represents the point of initial growth (Huxley and
Tssier, 1936). The slope is determined by the ratio of the y-coordinates and x-
coordinates; that is, the ratio of the specific growth rates of y and x. This is

mathematically denoted by
_Z
tan 6= (an

If the absolute distance of y and x-coordinates are same then the specific growth rates
of x and y are equal; that is;

tan0 =1 (12)

6= 45 (13)
that is, the angle between regression line and x-axis is 45°. This is called isometry. If
the value of O less than 45°, then the slope is less than 1, which indicates that the y/x
ratios decrease with increasing absolute magnitude of x. This is called negative
allometry. If the value of O greater than 45°, then the slope is greater than 1, which

implies a differential increase of y relative to x. This is called positive allometry.

Using OLS method we can estimate the slope of allometric model. For this, we have

to check the OLS assumptions.

To find significant difference in various growth of head and body dimension between
rural and urban children, male and female children, statistical test (t — test and Z- test)

will be used in this study.

46



Chapter Five

Results and Discussion



Chapter 5: Results and Discussion

Chapter- Five

Results and Discussion

5.1: Longitudinal Growth of Bangladeshi Primary School going children

The longitudinal data on stature, total body weight, sitting height, leg length, tibia
length, upper arm length, elbow length, upper arm circumference, head length, head
breadth, head circumference and chest circumference, of Bangladeshi primary school
going children for 6 to 12 years of age was collected individually from Jessore
district. The measurements of stature, weight, sitting height, leg length, tibia length,
upper arm length, elbow length, chest circumference and head circumference were
recorded to the nearest centimeter and the measurements of head length and head
breadth were recorded to the nearest millimeter. Firstly their age specific mean value
for males, females, urban males, urban females, rural males and rural females are
calculated using SPSS program and shown in various figures. After confirming OLS
assumptions in the log linear model, allometric growth model is fitted. From the fitted
model relative growth of sitting height, leg length, tibia length, upper arm length,
elbow length, head length, head breadth and head circumference in body and head

dimensions with respect to stature were found. They are discussed below:

5.1.1: Growth of Stature

Age specific mean value of stature for males and females are shown in figure 5.1.1a.
It is found that at age intervals 6.51 — 7.00, 9.01 — 9.50 and 9.51-10.00 males are
shorter than females but for other age intervéls males are taller than females. The
maximum sex difference in stature is observed to be 1.40 cm, 138.51 c¢cm for male and

137.11 cm for female with standard deviations 7.51 cm and 6.65 cm, respectively.
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This implies, mean stature velocity for male children are comparatively larger than

females, and also stature of males are more consistent than females.
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Figure 5.1.1a : Stature of males and females

For Urban Children

Stature of urban males and females are presented in figure 5.1.1b. The figure indicates
that at age interval 7.01 - 8.50 years urban males are taller than urban females but for
other age intervals males are shorter than females. The maximum sex difference in
stature is observed to be 2.89 ¢m, 138.19 cm for males and 141.08 cm for females
with standard deviations 7.74 cm and 6.31 cm, respectively. This implies, mean
stature velocities of urban females are comparatively larger than males, but males are

more consistent than females.
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Figure 5.1.1b : Stature of urban males and females
For Rural Children

The Longitudinal data on stature of rural males and females are shown in figure
5.1.1c. It is found that at age interval 7.01 - 8.00 and 9.51 — 10.00 on average rural
females are taller than rural males but for other age intervals rural males are taller
than females. The maximum sex difference in stature is observed to be 3.40 cm,
138.74 cm for males and 135.34 cm for females with sta;ndard deviations 7.82 cm and
6.33 cm, respectively. This implies, mean stature velocity for males is comparatively
larger than females, and also stature of male are more consistent than females in rural.
This figure also indicates that within the age of 6.50 — 8.00 years, growth in stature is

uniform for both rural males and females, the age of 8.01 — 10.50 years, growth in
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stature is more or less uniform but an increasing diversity is observed in the growth

of males for age of after 10.50 years.
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Figure 5.1.1¢: Stature of rural males and females

Regional difference in Males

Statures of urban and rural males from 6 to 11 years of age are shown in figure 5.1.1d.
This figure shows that at age interval 10.51 — 11.00 rural males are taller than urban
males but for other age intervals urban males are taller than rural males. The
maximum regional difference in mean stature is observed to be 4.24 ¢cm, 122.45 cm
for urban malés and 118.21cm for rural males with standard deviation 4.00 cm and
6.06 cm, respectively. This implies, mean stature velocity for rural males is
comparatively larger than that of urban males, and also stature of urban males are

more consistent than rural males. This figure also indicates that at age of 6.50 — 7.00
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years, mean stature of rural males is 4.24 cm less than urban males but at the age of

10.51 — 11.00 years, stature of rural males is exceed the urban males.
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Figure 5.1.1d : Stature of urban and rural males

Regional difference in Females

The age specific mean values of stature for urban females and rural females are shown
in figure 5.1.1e. This figure highlighted that at age interval 6.51-11.00 urban females
are taller than rural females. The maximum difference in stature is observed to be
5.73c¢cm , 141.08cm for urban female children and 135.34cm for rural female children
with standard deviation 6.3lem and 6.33 cm, respectively. This implies, stature
growth velocity for urban female children and rural female children are same, but
statures of urban female are more consistent than rural. This figure also indicates that

females of urban are taller than rural females and there has a significant difference
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(p<0.05). There might be some causes, either environmental or financial or

genetically or psychological or social, demand further investigation over the issue.
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Figure 5.1.1e : Stature of urban and rural females

Growth Allometry of Stature

Growth allometry of stature with respect to sitting height is given below:
Stature= 1.386(Sitting height)™*7%, for males

Stature= 1.976(Sitting height)”*’®, for females

Stature= 2.016(Sitting height)®**°, for urban males

Stature= 3.056(Sitting height)o"m , for urban females

Stature= 1.031(Sitting height)j 148 for rural males

Stature= 1.187(Sitting height)""*, for rural females
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Growth allometry of stature with respect to leg length is given below:

Stature= 5.947(Leg length)®”", for males

Stature= 4.971(Leg length)"”, for females

Stature= 6.484(Leg length)®”?, for urban males

Stature= 4.357(Leg lengﬁfz)a‘g2 3 for urban females

Stature= 5.763(Leg length)””*, for rural males

Stature= 5.505(Leg length)™ 763 for rural females

The allometric coefficients (slopes) indicate that for males growth of stature with
respect to sitting height is positively allometric but tending to isometry, while it is
negative allometry for females. This implies growth rate of stature is greater than
sitting height for males but this rate of stature is smaller than sitting height for
females. It also indicates that growth of stature with respect to sitting height for urban
males and females follow negative allometry, which means growth rate of stature is
smaller than that of sitting height, but for rural males and females it shows reverse
situation comparative to urban. Why this reverse situation appeared between urban
and rural areas demands for further study. It is found that for both males and females
growth of stature with respect to leg length follow negative allometry which means

growth rate of stature is smaller than that of leg length.
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5.1.2: Weight Study

The Longitudinal data on weight of Bangladeshi primary school going children from
6 to 11 years of age was collected individually and their age specific mean value for
males and females are shown in figure 5.1.2a. It is found that at age interval 10.51-
11.00 on average the males are heavier than females but for other age intervals
females are heavier than males. The maximum sex difference in mean weight is
observed to be 2.24 kg, 19.76 kg for males and 22.00kg for females with standard
deviations 2.76 kg and 6.05 kg, respectively. This implies, mean weight velocity for
females is comparatively larger than males, and also weight of males are more

consistent than females.
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Figure 5.1.2a: Weight of males and females
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For Urban Children

Weight of urban males and females are shown in figure 5.1.2b. This figure shows that
at age intervals 10.01 - 10.50 and 10.51-11.00, the males are heavier than females but
for other age intervals females are heavier than males. The maximum sex difference
in mean Weight is observed to be 4.78kg, 21.67kg for males and 26.44kg for females
with standard deviations 1.76kg and 6.61kg, respectively. This implies, mean weight
velocity for females is comparatively larger than males, and also weight of urban
males are more consistent than urban females. This figure also indicated that at age
interval 6.50- 7.50 females of urban are heavier than males and there has a significant
(p<0.05) difference and at age interval 8.01- 10.51 growth of weight of male and
females are more or less similar but at age interval 10.51-11.00 weight of males are

exceed that of females.
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For Rural Children

The longitudinal data on weight of rural males and females are shown in figure 5.1.2c.
This figure indicates that at age intervals 6.51 - 7.00, 8.01 - 8.50, 9.01 - 9.50 and
10.51-11.00, on average rural males are heavier than females but for other age
intervals females are heavier than males. The maximum sex difference in weight is
observed to be 0.78kg, 30.45kg for male and 29.67kg for females with standard
deviations 5.70kg and 6.24kg, respectively. This implies, mean weight velocity for
females is comparatively larger than males, and also weight of males is more
consistent than female’s in rural area in Bangladesh. This figure also indicates that the
growth of males and females in rural are closely related and there has no significant

difference.
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Regional difference in Males

The age specific data on weight of urban and rural males are shown in figure 5.1.24:
This figure divulged on average the urban males are heavier than rural males. The
maximum difference in mean weight is observed to be 4.22 kg, 25.18 kg for urban
males and 20.97kg for rural males with standard deviations 3.47kg and 2.21kg,
respectively. This implies, mean weight velocity for urban males is comparatively
larger than rural males, and also weight of rural males are more consistent than urban
males. An important finding of this figure that urban males are heavier than rural
males and their differences is statistically significant (p<0.05). There might be some

causes, either environmental or financial or genetically or psychological or social,

demand further investigation over the issue.
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Regional difference in Females

Weights of urban and rural females are shown in figure 5.1.1e. This figure indicates
that at age interval 6.51-11.00 urban females are heavier than rural females on
average. The maximum difference in mean weight is observed to be 5.83 kg, 23.50 kg
for urban females and 17.67 kg for rural females with standard deviations 8.89 kg and
2.36 kg, respectively. This implies, mean weight velocity for urban females are
comparatively larger than rural females, and also weight of rural females are more
consistent than urban females This figure also indicates that urban females are more
heavier than rural females and there has a significant difference (p<0.05). There might
be some causes, either environmental or financial or genetically or psychological or

social, demand further investigation over the issue.
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5.1.3: Growth of Sitting Height

The Longitudinal data on sitting height of Bangladeshi primary school going children
from 6 to 11 years of age was collected individually and their age specific mean value
for males and females are calculated and shown in figure 5.1.3a. This figure
highlighted that at age intervals 6.51 — 7.00 and 9.51-10.00 on average sitting height
of females is greater than males but for other age intervals mean sitting height of
females are less than males. The maximum sex difference in mean sitting height is
observed to be 0.54 cm, 66.77 ém for males and 66.23 cm for females with standard
deviations 2.74cm and 3.60 cm, respectively. This implies, sitting height velocity for
females are comparatively larger than males, and also sitting height of males are more

consistent than females.
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For Urban Children

Sitting height of urban males and females are shown in figure 5.1.3b. It is found that
at age intervals 6.51 — 7.00 and 10.51-11.00 sitting height of females are greater than
males on average but for other age intervals mean sitting height of females are less
than males. The maximum sex difference in sitting height is observed to be 1.70 cm,
71.67 cm for males and 73.38 cm for females with standard deviations 4.29 cm and
3.05 cm, respectively. This implies, mean sitting height velocity for urban males is
comparatively larger than females, but male children are more consistent than
females. This figure also indicated that at age intervals 6.50- 7.50, 9.01-9.50 and 9.51-
10.00, sitting height of females and males are same but after the age interval 10.01-
10.50 the sitting height of females exceed males. There might be some causes, either
environmental or financial or genetically or psychological or social, demand further

investigation over the cause.
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For Rural Children

The age specific data on sitting height of rural males and females are shown in figure
5.1.3c. This figure shows that at age intervals 6.51 — 7.00 and 7.01 — 8.00 mean sitting
height of females are greater than males but for other age intervals mean sitting height
of males are greater than females. The maximum sex difference in mean sitting height
is observed to be 0.93 cm, 70.87 cm for males and 69.94 ¢m for females with standard
deviations 3.49 cm and 3.20 cm, respectively. This implies, mean sitting height
velocity for rural males is comparatively larger than females, but males are more
consistent than females. This figure also indicates that the growth in sitting.height of

males and females in rural are closely related and their differences are not significant

statistically.
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Regional difference in Males

The Longitudinal data on sitting height of urban and rural are shown in figure 5.1.3d.
This figure implies that at age interval 6.51-11.00 mean sitting height of urban males
is greater than rural males. The maximum difference in sitting height is observed to be
2.36 ¢m, 64.97 cm for urban males and 62.61 c¢cm for rural males with standard
deviations 1.45 ¢cm and 2.50 cm, respectively. This implies, growth velocity for urban
males and rural males are not so different, but sitting height of rural male are more
consistent than urban. This figure also indicates that males of urban are taller than
rural males and there has a significant difference (p<0.05). There might be some
causes, either environmental or financial or genetically or psychological or social,

demand further investigation over these causes.
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Regional difference in Females

Sitting heights of urban and rural females are shown in figure 5.1.3e. This figure
shows that at age interval 6.51-11.00, sitting height of urban females is greater than
rural females. The maximum difference in sitting height is observed to be 3.43 cm,
63.97 cm for urban females and 62.33 cm for rural females with standard deviations
2.22 cm and 3.06 cm, respectively. This implies growth velocity for urban females
and rural females are not so different in sitting height, but rural females are more
consistent than urban. This figures also shows that females of urban are taller than
rural females and their difference is significant (p<<0.05). This may be happened due
to some causes, either environmental or financial or genetically or psychological or

social, demand further investigation over the issue.
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Growth Allometry of Sitting Height

Growth allometry of sitting height with respect to stature is given below:

Sitting height = 1 .46(Stature)”™®, for males

Sitting height = 0.969(Srature)0'873, for females

Sitting height = 1.31 S(Stature)o‘gl ! for urban males

Sitting height = 0. 609(Stature)0'9 58 for urban females

Sitting height = 1.605 (Stature)® "%, for rural males

Sitting height = 1 .420(Srature)0' 7 for rural females

The regression coefficients show changes in various growth proportions for sitting
height with respect to changes in stature. The allometric coefficients (slopes) indicate
that for both males and females growth of sitting height with respect to stature follows
negative allometry. This implies growth rate of sitting height is smaller than that of
stature. The slope difference of urban females and rural females are statistically

significant (p<0.05).
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5.1.4: Growth of Leg Length

The Longitudinal leg length of males and females are shown in figure 5.1.4a. It shows
that at age interval 6.51-10.50 the leg length of males and females are closely related
and there has no significant difference but after the age interval 10.01-10.50 the leg
length of females exceeds males. At age interval 6.51-7.00 leg length of males and
females are respectively 56.19 cm and 56.47 c¢m but at age interval 10.51-11.00 leg
length of males and females are respectively 67.31cm and 66.11cm. This implies

there has a littlie difference.
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Leg length of urban males and females are shown in figure 5.1.4b. This figure implies
that at age interval 7.01 — 7.50 mean leg length of females are less than males but
other for age intervals mean leg length of females are greater than males. The
maximum sex difference in leg length is observed to be 1.28 ¢cm, 63.95 cm for males
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and 65.23 c¢m for females with standard deviations 3.42 cm and 2.91 cm, respectively.
This implies, mean leg length velocity for urban males is comparatively larger than
females and also growth in leg length of males are more consistent than females. An
examination of the results indicated that there has no significant difference in leg

length between urban males and females.
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Figure 5.1.4b: Leg length of urban males and females

For Rural Children

The Longitudinal data on leg length of males and females are shown in figure 5.1.4c.
This figure indicates that at age interval 6.51-10.50 leg length of rural males and
females are closely related and there has no significant difference but after age
interval 10.01-10.50 the leg length of males are exceed females. At age interval 6.51-
7.00 leg length of males and females are 55.60 cm and 55.24 cm, respectively but at
age interval 10.51-11.00 leg length of males and females are 67.87 cm and 65.40 cm,
respectively. This implies an increasing diversity is present in leg length of rural
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males than females after age interval 10.51-11.00 but for other age intervals growth in

leg length of rural males and females is more or less uniform.
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Regional difference in Males
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Age specific leg lengths of urban and rural males are shown in figure 5.1.4d. This

figure divulged that at age interval 6.51-10.00 mean leg length of urban males is

greater than that of rural males but after the age interval 9.51-10.00 mean leg length

of rural males is greater than urban males. The maximum difference in leg length is

observed to be 2.04 cm, 58.68 cm for urban males and 56.64 cm for rural males with

standard deviations 2.65 cm and 4.02 cm, respectively. This implies growth velocity

for rural males are comparatively larger than urban males but growth in leg length for

urban males are more consistent than rural males. Moreover there has no significant

difference in leg length between rural and urban males.
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Figure 5.1.4d : Leg length of urban and rural males

Regional difference in Females

Leg lengths of urban and rural females are shown in figure 5.1.4e. It is found that at
age interval 6.51-11.00, mean leg length of urban females is greater than that of rural
females. The maximum difference in leg length is observed to be 3.60 cm, 57.67cm
for urban females and 54.07 cm for rural females with standard deviations 4.15 cm
and 4.67 c¢m, respectively. This implies growth velocity of urban females is more
consistent than rural females. It is found that females of urban are taller than rural in
leg length. There may happens due to some causes, financial or either environmental

or genetically or psychological or social, need to further investigation.
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Figure 5.1.4e : Leg length of urban and rural females

Growth Allometry of Leg Length

Growth allometry of leg length with respect to stature is given below:

Leg length= 0.156(Stature)’?*’, for males

Leg length= 0.246 (Stature)] 137 for females

Leg length= 0.1 72(Stature)l 208 for urban males

Leg length= 0.405 (Srature)] 03 for urban females

Leg length= 0.143(Stature)’**, for rural males

Leg length= 0.163(Stature)’*?*, for rural females

The allometric coefficients (slopes) indicate that for both males and females growth of
leg length with respect to stature follows positive allometry. This implies growth rate
of leg length is greater than that of stature. It also indicates that growth of urban
females in leg length is isometry, which means growth rate of leg length is same
proportion to the growth rate of stature. The slope difference between urban females

and rural females is statistically significant (p<0.05).
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5.1.5: Chest Circumference

The Longitudinal chest circumference of males and female are shown in figure 5.1.5a.
This figure indicates that at age interval 6.51 — 8.50 chest circumference of males is
less than females but after age interval 10.01-10.50 chest circumference of males is
greater than females and for the other intervals growth in chest circumference for
males and females is more or less uniform. The maximum sex difference in chest
circumference is observed to be 2.05 cm, 57.08 cm for males and 59.13 cm for
females with standard deviations 2.99 c¢cm and 5.97 cm, respectively. This implies, at
age interval 6.51-7.00 years, growth velocity for females are comparatively larger
than males, however, growth of males in chest circumference are more consistent than

females. Sex difference in chest circumference is found to be insignificant.
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For Urban Children

The Longitudinal data on chest circumference of urban students are shown in figure
5.1.5b. It is found that at age interval 6.61 - 8.50 and 9.01-10.50 chest circumference
of males is less than females but the age interval 8.51- 9.00 and 10.51- 11.00 chest
circumference of males are greater than females. This figure also indicates that chest
circumference in males is greater than females but the growth difference of urban

males and females in chest circumference are not statistically significant.
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For Rural Children

Chest circumference of rural males and females are shown in figure 5.1.5¢c. It is
evident that chest circumference in rural males and females are close to each other at
age interval 6.51-9.00 years but after age 9 an increasing growth velocity is present in
male’s chest circumference while its growth in females are less than males. At age
interval of 10.51-11.00 years, chest circumference of males is 63.56 cm and 61.13 cm
for females. Although the growth difference of rural males and females in chest
circumference are not statistically significant. The maximum sex difference in chest
circumference is observed to be 2.43 c¢m, 63.56 cm for males and 61.13 cm for
females with standard deviations 4.72 cm, and 3.75 cm, respectively. This implies, the

growth of rural females is more consistent than males in chest circumference.
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Regional difference in Males

Chest circumferences of urban and rural males are shown in figure 5.1.5d. This figure
indicates that at age interval 6.51 — 9.50, chest circumference of urban males is
greater than rural males and the age interval 9.51-11.00, growth in chest
circumference of urban and rural males are more or less uniform. The maximum
difference in chest circumference is observed to be 3.68 cm, 61.37 cm for urban males
and 57.69 cm for rural males with standard deviations 4.30 ¢m and 2.51 cm,
respectively. This implies growth velocity for urban males are comparatively larger
than rural males, but growth of rural males are more consistent than urban males in
chest circumference. It is mentionable that at age interval 6.51-9.50 years, regional
difference of males (urban and rural males) is statistically significant (p<0.05). There

might be some causes, need further investigation.
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Regional difference in Females

Age specific mean values of chest circumference of urban and rural females are
shown in figure 5.1.5¢. It is observed that at age interval 6.51-11.00, growth in chest
circumference of urban females is greater than rural females. The maximum
difference in chest circumference is observed to be 6.03 cm, 60.40 cm for urban
female and 54.37 cm for rural with standard deviations 9.95 c¢cm and 3.96 cm,
respectively. This implies, growth velocity in chest circumference for urban females
is greater than rural females but growth of rural females is more consistent than urban.
It mentionable for regional difference among urban and rural females is statistically
significant (p<<0.05). This figure also indicates that females of urban are healthy than
rural females. There might be some causes, either environmental or financial or

genetically or psychological or social, demand further investigation.
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Figure 5.1.5e:Chest circumference of urban and rural females

74



Chapter 5: Results and Discussion

Growth Allometry of Chest Circumference

Growth allometry of chest circumference with respect to stature is given below:
Chest circumference = | .840(Srature)0' 1 for males

Chest circumference = (. 989(Stal‘ure)0‘847, for females

Chest circumference = 1.1 58(&ature)0‘816, for urban males

Chest circumference = 0.442(Stature)""'%, for urban females

Chest circumference = 2.447(Stature)” %, for rural males

Chest circumference = 2.941 (Starure)o'“ 8 for rural females

The allometric coefficients indicate that for both males and females growth of chest
circumference with respect to stature follows negative allometry. This implies growth
rate of chest circumference is less than growth rate of stature. It also indicates that
growth of urban females in chest circumference is isometry, which means growth rate

of chest circumference and stature are same proportion.
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5.1.6: Growth of Head Length

Longitudinal head length of males and females are shown in figure 5.1.6a. This figure

indicates that for all age intervals, head length of males is greater than females. The

difference of them is 4.34 mm at age interval 6.51-7.00 where 166.53 mm for males

and 162.19 mm for females with standard deviations 6.85 mm and 7.87 mm,

respectively. The difference of male’s and female’s head length at age interval 10.51-

11.00 is 3.19 mm, 172.18 mm for males and 168.99 mm for females with standard

deviations are 6.69 mm & 6.03 mm, respectively. This implies growth of males in

head length is more consistent than females. It is found that sex difference in head

length at age interval 7.51-8.50 is statistically significant (p<0.05).
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Figure 5.1.6a: Head length of males and females
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For Urban Children

Age specific mean values of head length of urban males and females are shown in
figure 5.1.6b. It clear that for all age intervals head length of urban males is greater
than females. The sex difference is 5.57 mm at age interval 6.51-7.00 where 169.45
mm for males and 163.89 mm for females with standard deviations are 5.73 mm &
6.13 mm, respectively. The difference of urban male’s and female’s head length at
age interval 10.51-11.00 is 6.21 mm, 176.71 mm for males and 170.50 mm for
females with standard deviations are 7.36 mm and 0.58 mm respectively. These
results suggested that growth velocity of urban males in head length is greater than

females and the sex differences in head length are statistically significant (p<0.05).
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Figure 5.1.6b: Head length of urban males and females
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For Rural Children

Head length of rural males and females are shown in figure 5.1.6¢ on average. This
figure indicates that for all age intervals head length of rural males is greater than
females. The difference of rural male’s and female’s head length at age interval 6.51-
7.00 is 3.54 mm, 164.46 mm for males and 160.92 mm for females with standard
deviations 6.49 mm and 9.00 mm, respectively. The sex difference at age interval
10.51-11.00 is 3.65 mm where 169.10 mm for males and 165.35 mm for females with
standard deviations 4.59 mm and 6.30 mm, respectively. These results suggested that
growth velocity of rural females in head length is greater than males but growth of
head length of males are more consistent than females. It is also found that the

differences are statistically insignificant.
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Regional difference in Males

Head lengths of urban and rural males are shown in figure 5.1.6d. This figure shows
that for all age interval head length of urban males is greater than rural males. The
maximum difference in mean head length is observed to be 7.90 mm, 175.47 mm for
urban males and 167.57 mm for rural males with standard deviations 6.69 mm and
5.65 mm, respectively. This implies, growth variation for urban males is
comparatively larger than rural males, but growth in head length of rural males are
more consistent than urban males. The results also indicate that the regional

differences in head length of males are statistically significant (p<0.05).
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Regional difference in Females

Head lengths of urban and rural females are shown in figure 5.1.6e. It is found that for
all age interval head length of urban females is greater than rural females. The
maximum regional difference in head length is observed to be 5.46 mm, 168.50 mm
for urban females and 163.04 mm for rural females with standard deviations 6.87 mm
and 7.03 mm, respectively. This implies growth variation within rural females is
comparatively larger than urban females, but growth in head length of urban females
are more consistent than rural females. This results also indicate that the regional

differences in head length of females are statistically significant (p<0.05).
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Figure 5.1.6e: Head length of urban and rural females
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Growth Allometry of Head length

Growth allometry of head length with respect to stature is given below:

Head length = 48.105(Stature)™***, for males

Head length = 33.686(Stature)”, for females

Head length = 36. 009(Stature)g‘322, for urban males

Head length = 30.543(Stature)”>?, for urban females

Head length = 6 7.277(Srature)0'1 % for rural males

Head length = 45.436(Stature)’*%  for rural females

From above fitted allometric growth models, it is clear that for both males and
females growth of head length with respect to stature follow negative allometry. This
implies growth rate of head length is less than that of stature. This results also indicate

that regional slope difference in females is statistically significant (p<0.05).
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5.1.7: Growth of Head Breadth

Head breadth of males and females are shown in figure 5.1.7a. The figure indicates
that for all age intervals, head breadth of males is greater than females. It is found that
sex difference is 2.82 mm at age interval 6.51-7.00 where 141.11 mm for males and
138.29 mm for females with standard deviations 5.31 mm and 6.16 mm, respectively.
The difference of male’s and female’s head breadth at age interval 10.51-11.00 is 4.61
mm, 147.53 mm for males and 142.92 mm for females with standard deviations are
5.56 mm and 5.28 mm respectively and the difference of this interval is maximum
between 6 to 11 years of age. The results also indicate that the sex difference in head

breadth at age interval 8.01-11.00 is statistically significant (p<0.05).
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Figure 5.1.7a: Head breadth of males and females
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For Urban Children

Age specific mean values of head breadth of urban males and females are shown in
figure 5.1.7b. It shows that for all age interval head breadth of urban males is greater
than females. At age interval 6.51-7.00 the difference of urban male’s and female’s
head breadth is 3.40 mm where 144.18 mm for males and 140.78 mm for females
with standard deviations are 3.76 mm and 7.40 mm, respectively and the difference at
age interval 10.51-11.00 is 6.05 mm, 149.00 mm for males and 142.95 mm for
females with standard deviations 6.83 mm and 6.48 mm, respectively. It also found

that the sex differences of urban in head breadth are statistically significant (p<0.05).
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Figure 5.1.7b: Head breadth of urban males and females
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For Rural Children

The longitudinal data on head breadth of rural males and females are shown in figure
5.1.7c on average. This figure indicates during study period, head breadth of rural
males is greater than females. At age interval 6.51-7.00 the sex difference is 2.81 mm
where 139.23 mm for males and 136.42 mm for females with standard deviations 4.94
mm and 4.50 mm, respectively. The difference of rural male’s and female’s head
breadth at age interval 10.51-11.00 is 3.50 mm, 146.50 mm for males and 143.00 mm
for females with standard deviations 4.58 mm and 3.84 mm, respectively. These
results indicate that growth velocity of rural males in head breadth is greater than
females but growth of rural females are consistent than rural males and the sex

difference in rural at age interval 8.51-10.00 is statistically significant (p<0.05).

150

148 +

146 4

144 4

142 4—

Head breadth in mm

140 -

138 +

136

6.51- 7.01- 751- 80l1- 851- 9.01- 9.51- 10.01- 10.51-
7.00 7.50 8.00 8.50 9.00 9.50 10.00  10.50  11.00
Age in year
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Regional difference in Males

Head breadth of urban and rural males is as follows in figure 5.1.7d. It is found that
for all age intervals head breadth of urban males is greater than rural males. The
maximum difference in mean head breadth is observed to be 5.94 mm at age interval
6.51-7.00 where 145.17 mm for urban males and 139.23 mm for rural males with
standard deviation 3.76 mm and 4.94 mm respectively. This implies, growth variation
for rural males is comparatively larger than urban males, but growth in head breadth
of urban males are more consistent than rural males. This also indicates that at age
intervals 6.51-8.50 and 9.01-10.51, the regional difference in head breadths of males

are statistically significant (p<0.05).
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Regional difference in Females

Head breadths of urban and rural females are shown in figure 5.1.7¢ on average. It is
evident that at age interval 6.51-10.00, head breadth of urban females is greater than
rural females but after age interval 9.51-10.00, an increasing diversity is present for
rural females. The maximum difference in head breadth is observed to be 4.36 mm at
age interval 6.51-7.00 where 140.78 mm for urban females and 136.42 mm for rural
females with standard deviations 7.40 mm and 4.50 mm, respectively, this implies, at
this point growth variation for urban females is comparatively larger than rural
females, but growth in head breadth of rural females are more consistent than urban
females. The figures indicate that there is no mentionable growth in head breadth of
rural males during study period because from age interval 7.01-10.50 head breadth
lies between 141.29 mm to 142.50 mm for urban females while at age interval 6.51-
10.00 head breadth lies between 136.42 mm to 141.17 mm for rural females. It is also

found that the regional difference in head breadth is statistically not significant.
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Figure 5.1.7e: Head breadth of urban and rural females
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Growth Allometry of Head Breadth

Growth allometry of head breadth with respect to stature is given below:

Head breadth = 33.340(Stature)™>*, for males

Head breadth = 54.082(Stature)™?’, for females

Head breadth = 22.329(Stature)™, for urban males

Head breadth = 50.564(Stature)’*"?, for urban females

Head breadth = 44.745(Stature)” >, for rural males

Head breadth = 60.540(Stature)™'”, for rural females

The fitted allometric growth models indicate that for both males and females growth
in head breadth with respect to stature follow negative allometry. This implies growth
rate of head length is less than growth rate of stature. These results also indicate that
sex difference and regional slope difference in males and females are statistically

significant (p<0.05).
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5.1.8: Growth of Head Circumference

Age specific mean values of head circumference of males and females are shown in
figure 5.1.8a. It evident that head circumference of males is greater than females. The
sex difference at age interval 10.51-11.00 is 0.77 cm where 51.27 cm for males and
50.50 mm for females with standard deviations 1.73 ¢cm and 1.31 cm, respectively.
The difference of male’s and female’s head circumference at age interval 6.51-7.00 is
0.89 c¢cm, 49.06 cm for males and 48.18 cm for females with standard deviations are
1.43 cm and 2.21 cm, respectively. These results suggested that growth velocity of
males in head circumference is greater than females and the difference among them at
age interval 8.01-8.50 is statistically significant (p<0.05) but difference of other

intervals is not significant.
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Figure 5.1.8a: Head circumference of males and females
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For Urban Children

The Longitudinal data on head circumference of urban males and females are shown
in figure 5.1.8b. It is found that during study period mean head circumference of
males are greater than females at each age intervals and their growth are more or less
uniform in head circumference but the sex difference in head circumference in urban
is statistically significant (p<0.05) at age intervals 7.51-8.50 and 9.51-10.00 years.
This figure indicates that the maximum sex difference in head circumference is
observed to be 1.22 cm at age interval 7.51-8.00 where 50.75 cm for urban males and
49.53 c¢m for females with standard deviations 1.23 ¢cm and 2.12 c¢m respectively, this
implies, at this point growth variation for urban females is comparatively larger than
males, but growth in head circumference of males are more consistent than urban

females.
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For Rural Children

Head circumference of rural males and females are shown individually in figure
5.1.8c. It is evident that growth pattern of rural males and females in head
circumference are same but head circumferences of rural males are greater than rural
females. It is found that sex difference in rural is statistically insignificant during
study period. This figure indicates that at age interval 6.51-7.00 sex difference is 1.14
cm where 48.54 c¢m for rural males and 47.40 for rural females with standard
deviations 1.37 cm and 1.55 cm, respectively. On the other hand at age interval 10.51-
11.00 difference in head circumference between rural males and females is 0.63 cm
where 50.78 cm for males and 50.15 cm for females with standard deviations 1.55 cm
and 1.37cm, respectively. It is clear that rural males are more consistent than females

in head circumference.
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Regional difference in Males

Age specific head circumferences of urban and rural males are shown in figure 5.1.8d.
This figure shows for all age intervals head circumference of urban males is greater
than rural males. The maximum regional difference in mean head circumference is
observed to be 1.73 cm at age interval 9.51-10.00 where 51.71 cm for urban males
and 49.98 cm for rural males with standard deviations 1.32 ¢m and 1.28 cm,
respectively. This implies at this point variation of head circumference for rural males
is comparatively larger than urban males, but growth in head circumference of rural
males are more consistent than urban males where overall during study period, head
circumference of urban males are more consistent than rural males. It is also found

that the regional differences in head circumference of males are statistically

significant (p<0.05).
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Regional difference in Females

Head circumferences of urban and rural females are shown in figure 5.1.8e. It is
observed that during study period (at age interval 6.51-11.00) head circumference of
urban females is greater than rural females. The maximum regional difference in head
circumference is observed to be 1.95 ¢m, 49.35 ¢m for urban females and 47.40 ¢cm
for rural females with standard deviations 2.19 cm and 1.55 c¢m, respectively. This
implies, at this age interval growth velocity in head circumference for urban females
is greater than rural females but growth of rural females is more consistent than urban
females. It mentionable, at age intervals 6.51-7.00 and 8.51-9.00 regional differences

in head circumference of females are statistically significant (p<0.05).
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Growth Allometry of Head Circumference

Growth allometry of head circumference with respect to stature is given below:

Head circumference = 12.71 9(Stature)’**, for males

Head circumference = 9.664(Stature)”’, for females

Head circumference = 11 .539(Stature)0'3g6, for urban males

Head circumference = 10.616(Stature)’>"*, for urban females

Head circumference = 15.691 (Stature)0'237, for rural males

Head circumference = 10.71 9(Stature)0'31 ? for rural females

The allometric coefficients indicate that for both males and females growth of head
circumference with respect to stature follow negative allometry. This implies growth
rate of head circumference is less than growth rate of stature. The slope difference

between urban males and rural males is statistically significant (p<0.05).
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5.1.9: Elbow-Wrist Length

The Longitudinal data on elbow-wrist length (left and right) of males and females are
shown in figure 5.1.9a for right elbow-wrist length and figure 5.2.9b for left elbow-
wrist length. These figures indicate that within the age interval 6-11 years, growth of
right elbow-wrist length and left elbow-wrist length is more or less uniform for both
males and females. It is also found that growth of males is greater than females in
right and left elbow-wrist length for all age intervals. The maximum sex difference in
right elbow-wrist length is 0.77 cm at age interval 10.51-11.00 where 21.25 cm for
males and 20.48 cm for females with SD 1.48 cm and 1.41 cm, respectively, the
maximum sex difference in left elbow-wrist length is 0.77 cm at age interval 10.51-
11.00 where 21.28 cm for males and 20.52 cm for females with SD 1.46 cm and 1.38
cm, respectively. This implies at this age interval growth velocity for male children
are comparatively larger than females but growth of females in left and right elbow-
wrist length are more consistent than males. It is mentionable that except this interval,
growth of males in left and right elbow-wrist length is more consistent than females.
It is found that there has no difference between left and right elbow-wrist length
(figures 5.1.9c and 5.1.9d). The sex difference in Elbow-Wrist length is found but it is

statistically insignificant.
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Elbow-Wrist length incm
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Figure 5.1.9a: Elbow-wrist length (right) of males and females
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Figure 5.1.9b: Elbow-wrist length (left) of males and females
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Growth Allometry of Elbow-Wrist Length

Growth allometry of elbow-wrist length with respect to stature is given below:
Right elbow-wrist length = 0.030(Stature)"**’, for males

Right elbow-wrist length = 0.035(Stature)’***, for females

Left elbow-wrist length = 0.033(Stature)"*"?, for males

Left elbow-wrist length = 0.034(Stature)’>”, for females

Right elbow-wrist length = 0.042(Stature)'***, for urban males
Right elbow-wrist length = 0.028(Stature)’**° for urban females
Left elbow-wrist length = 0.040(Stature)’*”?, for urban males
Left elbow-wrist length = 0.025(Stature)’ %, for urban females
Right elbow-wrist length = 0.026(Stature)’**%, for rural males
Right elbow-wrist length = 0.045(Stature)**, for rural females
Left elbow-wrist length = 0.030(Stature)’*?’, for rural males

Left elbow-wrist length = 0.044(Stature)"**®, for rural females

The allometric coefficients indicate that for both males and females growth of elbow-
wrist length (right and left) with respect to stature is positively allometric. This
implies growth rate of elbow-wrist lengths is greater than growth rate of stature. The
slope difference between urban males and rural males is statistically significant
(p<0.05). The results also indicates that the slope difference of urban females and
rural females is statistically significant (p<0.05) which means growth of urban males

and females in elbow-wrist length are greater than rural males and females.
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5.1.10: Growth of Upper Arm Length

Age specific data on upper arm length (left and right) of males and females are shown
in figure 5.1.10a for right upper arm length and figure 5.2.10b for left upper arm
length.. These figures indicate that within the age interval 6.51-11.00, growth of right
upper arm length and left upper arm length is more or less uniform for both males and
females. It is also found that during study period, growth of males and females in
right and left upper arm length is closely related. The maximum sex difference in
right upper arm length is 0.44 cm at age interval 10.51-11.00 where 25.21 cm for
males and 24.77 c¢cm for females with SD 1.63 ¢cm and 1.26 cm, respectively, the
maximum sex difference in left upper arm length is 0.44 cm at age interval 10.51-
11.00 where 25.22 cm for males and 24.78 cm for females with SD 1.61 cm and 1.29
cm, respectively. This implies at this age interval growth velocity for males are
comparatively larger than females but growth of females in left and right upper arm
length are more consistent than males. It is mentionable that not only this interval but
also other age intervals, growth of females in left and right upper arm length is more
consistent than males. It is evident that there has no difference between left and right
upper arm length (figures 5.1.11¢ and 5.1.11d). These figures indicate that increment
of left and right upper arm length is closely related for both males and females. The
maximum difference among left and right upper arm length is 0.07 cm for males and
0.05 cm for females. Though the sex difference in upper arm length is found but it is

statistically not significant.
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Figure 5.1.10a: Upper arm length (right) of males and females
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Figure 5.1.10b: Upper arm length (left) of males and females
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Figure 5.1.10c : Rigth and left upy 2r arm length of males
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Figure 5.1.10d: Right and left upper arm length of females
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Growth Allometry of Upper Arm Length

Growth allometry of upper arm length with respect to stature is given below:
Right upper arm length = 0. 058(Srature)]'233, for males

Right upper arm length = 0.093(Stature)™'>’, for females

Left upper arm length = 0.059(Stature)"**', for males

Left upper arm length = 0.088(Stature)™'*, for females

Right upper arm length = 0.074(Stature)’'**, for urban males
Right upper arm length = 0.135(Stature)’**, for urban females
Left upper arm length = 0.070(Stature)"""*, for urban males
Left upper arm length = 0.129(Stature)’"%, for urban females
Right upper arm length = 0. 053(Stature)1 231 for rural males
Right upper arm length = 0.071(Stature)’'*, for rural females
Left upper arm length = 0.055(Stature)’**, for rural males

Left upper arm length = 0.068(Stature)"*?’, for rural females

Above allometric coefficients indicate that for both males and females’ growth of
upper arm length (right and left) with respect to stature is positively allometric but
growth of urban females in upper arm length (right and left) is isometry with respect
to stature. This implies growth rate of upper arm lengths of urban females is same
proportion with stature but growth rate of upper arm lengths of urban males, rural
males and females is greater than growth rate of stature. The results also indicate that
the slope of males for both urban and rural is greater than females, which means upper

arm length of males is greater than females.
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5.1.11: Tibia Length

The Longitudinal data on tibia length (left and right) of males and female are shown
in figure 5.1.11a for right tibia length and figure 5.2.11b for left tibia length. At age
interval 6.51-7.00 years, tibia length (right) of males are found 25.85 cm on an
average with SD 2.15 cm, while 25.81 ¢cm and 1.71 c¢m in order for females, tibia
length (left) of males are found 25.77 cm on an average with SD 2.23 c¢m, while 25.87
cm and 1.96 cm in order for females . This implies at this point tibia lengths (right)
are not different for males and females but tibia length (left) of females is slight
higher than males. These figures also indicate, from age interval 6.51-7.00 to 10.01-
10.50 years, tibia length (right and left) of females is higher in few than males but
after age interval 10.01-10.50, an increasing tendency is present for males. At the age
of 11 years, males superseded females by 0.49 cm in right tibia length and 0.55 cm in
left tibia length, where right and left tibia length of females are 30.36 cm and 30.32
cm, right and left tibia length of males are 30.85 cm and 30.87 cm, respectively. It is
found that there has slight difference between male’s and female’s growth in left and
right tibia length (ﬁgures 5.1.11c and 5.1.11d). These figures indicate thét increment
of left and right tibia length is closely related for both males and females. The
maximum difference among left and right tibia length is 0.25 cm for males and 0.08
cm for females but the sex difference in tibia length and the difference of left and

right tibia length for both males and females are statistically not significant.
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Figure 5.1.11a: Tibia length (right) of males and females
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Figure 5.1.11b: Tibia length (left) of males and females
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Figure 5.1.11¢ : Rigth and left tibia length of males

31

294
28 4—

27T 1—

261 - ]

~&— Right

| ——Left |

25

6.51- 7.01- 751- 80l- 851- 901- 951- 1001- 1051-
7.00 7.50 8.00 8.50 9.00 9.50 10.00  10.50 11.00

Age in year
Figure 5.1.11d: Right and left tibia length of females

104



Chapter 5: Results and Discussion

Growth Allometry of Tibia Length

Growth allometry of tibia length with respect to stature is given below:
Right tibia length = 0.066(Stature)’**’, for males

Right tibia length = (. 086(Stature)’ ', for females

Left tibia length = 0.056(Stature)***, for males

Left tibia length = 0.080(Stature)"**, for females

Right tibia length = 0.064(Stature)’**?, for urban males
Right tibia length = 0.088(Stature)’'®, for urban females
Left tibia length = 0.049(Stature)™>", for urban males
Left tibia length = 0.091 (Stature)’'%?, for urban females
Right tibia length = 0.066(Stature)’**®, for rural males
Right tibia length = 0.084(Stature)""*’, for rural females
Left tibia length = 0.057(Stature)’*”’, for rural males

Left tibia length = 0.077(Stature)’*>, for rural females

It is found that for both males and females® growth of tibia length (right and left) with
respect to stature is positively allometric. This implies growth rate of tibia lengths of
males is greater than growth rate of their stature. The results also indicate that the
slope of males for both urban and rural is greater than females, which means tibia

length of males is greater than females.
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5.1.12: Upper Arm Circumference

Age specific upper arm circumference (left & right) of males and females are shown
in figure 5.1.12a for right upper arm circumference and figure 5.1.12b for left upper
arm circumference. It is found that at age interval 6.51-10.50, right and left upper arm
circumference of females is greater than males but after age interval 10.51-11.00, a
decreasing diversity is present for females in right and left upper arm circumference.
There might be some causes, either environmental or financial or genetically or
psychological or social, demand further investigation over the issue. The maximum
difference in right upper arm circumference is observed to be 1.08 cm, 15.86 cm for
males and 16.94 c¢cm for females with standard deviations 1.34 ¢m and 2.57 cm,
respectively. The maximum sex difference in left upper arm circumference is
observed to be 1.24 ¢cm, 15.68 cm for males and 16.92 c¢cm for females with standard
deviations 1.24 cm and 2.70 cm, respectively. This implies growth velocity for
females are comparatively larger than males, but growth of males are more consistent
than females in left and right upper arm circumference. It is mentionable that sex
difference in left and right upper arm circumference is found but it is statistically
insignificant. It is observed that increment of right upper arm circumference is slight
higher than left for both males and females (figures 5.1.12c and 5.1.12d) but the
differences among left and right upper arm circumference is not statistically

significant.
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Figure 5.1.12a: Upper arm circumference (right) of males and females
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Figure 5.1.12b: Uupper arm circumference (left) of males and females
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Figure 5.1.12¢ : Rigth and left upper arm circumference of males
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Figure 5.1.12d: Right and left upper arm circumference of females
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Growth Allometry of Upper Arm Circumference

Growth allometry of upper arm circumference with respect to stature is given below:
Right upper arm circumference = 0.035(Stature)’*”, for males

Right upper arm circumference = 0.0470(Stature)"*>, for females

Left upper arm circumference = 0.038(Stature)***, for males

Left upper arm circumference = 0.044(Stature)"**°, for females

Right upper arm circumference = 0.00 7(Stature)] 630 for urban males
Right upper arm circumference = 0.026(Stature)’ >, for urban females
Lefit upper arm circumference = 0.007(Stature)"%"' | for urban males
Left upper arm circumference = 0.028(Stature)"***, for urban females
Right upper arm circumference = 0.090(Stature)""””, for rural males
Right upper arm circumference = 0.171(Stature)”*?, for rural females
Left upper arm circumference = (). 095(Stature)1'065, for rural males

Left upper arm circumference = 0.147(Stature)”*®, for rural females

Above allometric coefficients indicate that for overall males and females’ growth of
upper arm circumference (right and left) with respect to stature is positively allometric
but growth of rural males in upper arm circumference (right and left) is isometry with
respect to stature and growth of rural females is negative allometry. This implies
growth rate of upper arm circumferences of rural males is same proportion with
stature but growth rate of upper arm circumferences of rural females is less than
growth rate of their stature. The results also indicate that the slope of males for both
urban and rural is greater than females, which means upper arm circumference of

males is greater than females.
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5.2: Longitudinal Growth Study with Percentile Chart

Seven percentile values 5th, 10", 251 50" 75th, 90" and 95" for stature, weight,
sitting height, leg length, chest circumference, head length, head breadth and head
circumference of Bangladeshi school going males and females from 6-12 years of age
were calculated using the software SPSS and percentile charts are constructed. Each
percentile value was smoothed by a cubic spline function. Actually, the percentile
curves of stature, sitting height, leg length, head length and head circumference are

originally rather smooth with little fluctuations.
5.2.1: Growth of Stature

Growth percentile chart of stature is shown in figure 5.2.1a for males and 5.2.1b for
females. These figures indicate that within the age of 7-11 years, growth in stature is
more or less uniform for both males and females but an increasing diversity is
observed in the growth of stature of males for age below 7 years and after 11 years,
and for females of age below 7 years. At the age of 7 years stature of male’s lies
between 111.00 cm to 129.65 cm, at age of 11 years stature lies between 127.46 cm
and 152.56 cm and at age of 12 years stature lies between 130.40 cm and 153.40 cm.
At the age of 7 years stature of females’ lies between 109.88 ¢cm and 130.30 cm and at
age of 11 years stature lies between 126.27 cm and 147.40 cm that range in height of
males at 7 years, 11 years and 12 years are different but range in height of females at
7 years and 11 years are not different. The 50" percentile curve shows at age 7 years,
mean height of males is 120.80 cm and that of females is 120.50 cm and at age 11
years, it is 138.00 cm for males, 138.38 cm for females, they are so close but
minimum height of males and females at age 7years is 111.00 cm and 109.88 cm,

respectively. On the other hand maximum height of males and females at age 11 years
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is 152.56 cm and 147.40 cm. So males are taller than females and growth of males is

greater than females.
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Figure 5.2.1a : Stature percentile chart of males
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Figure 5.2.1b: Stature percentile chart of females
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5.2.2: Growth of Weight

Percentile chart of weight of males and females is shown in figure 5.2.2a for males
and 5.2.2b for females. These figures indicate that within the age of 7-10 years,
growth in weight is more or less uniform for both males and females but an increasing
diversity is observed in the growth of stature of males for age of below 7 years and
after 10 years, and for females of age below 7 years. At the age of 7 years, weight of
male lies between 15.125 kg and 27.625 kg, at age of 10 years weight lies between
20.70 kg and 39.80 kg and at age of 12 years weight lies between 27 kg and 43.125
kg. At the age of 7 years weight of females lies between 16 kg and 34.75 kg and at
age 10 years, weight lies between 20.73 kg and 41.55 kg, this implies range of weight
of males at 7 years, 10 years and 12 years are different but range of weight of females
at 7 years and 10 years are not different. These figures indicate that weight of females
is smoother than males. The 50" percentile curve shows at age 7 years, weight of
males is 20.60 kg and female is 20 kg and at age 11 years, males is 26.5 kg and
females is 30 kg, their are so different but minimum weight of males and females at
age 7 years is 15.25 kg and 16 kg, respectively. On the other hand maximum weight
of males and females at age 11 years is 46.85 kg and 44.45 kg, respectively. So
weight of males is greater than females at age of 11 years which means growth of

males in weight is greater than females for a few.
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Figure 5.2.2a: Weight percentile chart of males
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Figure 5.2.2b: Weight percentile chart of females
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5.2.3: Growth of Sitting Height

Growth percentile chart of sitting height of males and females are shown in figure
5.2.3a and the figure 5.2.3b, respectively. An observation of the figures indicate that
within the age of 7-10 years, growth of sitting height of males and females is more or
less uniform but an increasing diversity is observed in the growth of sitting height of
males for age of below 7 years and after 10 years, and for females of age below 7
years. It is found that after 10 years of age growth rate of sitting height in 50" and 75®
percentile for males is higher than 6-10 years of age. On the other hand age of 7-11
years, growth of females in sitting height is so smooth. At the age of 7 years, sitting
height of males lies between 60.00 cm and 68.00 cm, at age of 10 years it lies between
65.00 cm and 74.00 ¢cm, and at age of 12 years sitting height lies between 67.30 cm
and 79.15 cm. At the age of 7 years sitting height of female’s lies between 58.50 ¢cm
and 69.88 cm, and at age of 10 years, it lies between 63.84 cm and 76.93 c¢m which
means range of males sitting height at 7 years and 10 years are not so different but at
age of 12 years are different. It is also found that range of female’s sitting height
between at 7 years and 10 years has a littlie difference. After that growth of females in
sitting height is smoother than males. After 7 years of age for both males and females
the 25", 50™ and 75™ percentile curve is growing up smooth. It is mentionable that 5"
and 10™ percentile curve are coincided at 6 years of age for both males and females

again 11 years for females, 12 years for males.
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Figure 5.2.3a : Sitting height percentile chart of males
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Figure 5.2.3b: Sitting height percentile chart of females
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5.2.4: Growth of Leg Length

Growth chart of leg length of males and females are shown in figures 5.2.4a and
5.2.4b, respectively. These figures indicate that within the age of 7-11 years, growth
of leg length of both males and females is more or less uniform but an increasing
diversity is observed in the growth of leg length of males for age below 7 years and
after 11 years, and for females of age below 7 years. It is evident that after 11 years of
age, growth rate in leg length for males is higher than 6-11 years of age. On the other
hand age of 7-11 years the growth of females in leg length is so smooth but below 7
years of age the growth of females is decreasing order in 5%, 10" and 75" percentile
but 25™ and 50™ percentile curve is growing up smoothly from 6 to 11 years of age.
25" 50" and 75" percentile curves are increased in parallel from 7 to 12 years of age
for males. It is mentionable that 5™ and 10™ percentile curve are coincided at 6 years
of age for both males and females again 12 years for males. At the age of 6 years, leg
length of male’s lies between 51.60 cm and 59.20 cm, at age of 11 years it lies
between 59.98 cm and 75.45 cm, and at age of 12 years leg length lies between 63.10
cm and 75.05 cm. At the age 6 years leg length of females lies between 53.50 cm and
60.45 cm, and at age 11 years, it lies between 60.17 cm and 72.03 cm which means
range of male’s leg length at 6 years and 11 years are different. These figures also
indicate range of females sitting height between 7 years and 10 years are also different
from males. After all the growth of males and females in leg length is smooth from 7-
11 years of age but minimum leg length of males and females at age 7 years is 50.40
cm and 50.30 em, respectively. On the other hand maximum leg length of males and
females at age 11 years is 75.45 cm and 72.03 em. So growth of males in leg length is

greater than females.
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Figure 5.2.4a: Leg length percentile chart of males
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Figure 5.2.4b: Leg length percentile chart of females
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5.2.5: Chest Circumference

Growth chart of chest circumference of males and females are shown in figures 5.2.5a
and 5.2.5b, respectively. At age 6 years it is observed for 50" percentile about 57.65
cm with the maximum of 60.125 crh and minimum of 52.5 cm for males. The
corresponding values for females are 55.60 ¢m, 66.80 cm and 54.13 cm. At the age of
11 years, it is observed for 50™ percentile about 66.17 cm while the maximum 73.04
cm and minimum of 55.68 cm for males. The corresponding values for females are
62.15 cm, 76.23 cm and 54.57 cm, respectively. It is found that growth of females 1s
similar for 5%, 10®, 25" 50" 75" and 95™ percentile but the 75" and 90™ percentile
for females is different than other percentile values. At age of 6 years 75™ percentile
for females is 66.08 cm, at age 7 years these value is 61.50 cm, at age 7 years it is
62.35 cm and at age of 10 years that value is 65.83 cm. There might be some causes,
cither genetically or social or psychological or environmental, demand further
investigation over this issue. At the lower 50™ percentiles, a drift of decrease in
growth is measured for males during the age of 10-11 years, but after the age of 11
years the growth in chest circumference is highly increasing than 6-11 years of age.
The overall growth in chest circumference is observed to be faster for males than

females.
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Figure 5.2.5a: Chest circumference percentile chart of males
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Figure 5.2.5b: Chest circumference percentile chart of females
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5.2.6: Head Circumference

Head circumference percentile chart of males and females are shown in figures 5.2.6a
and 5.2.6b, respectively. At age 6 years it is observed for 50™ percentile about 48.85
cm with the maximum of 49.65 ¢m and minimum of 48.00 cm for males. The
corresponding values for females are 49.05 cm, 50.38 cm, and 45.0 em. At the age of
11 years, it is observed for 50™ percentile about 51.05¢cm while the maximum of
54905 c¢cm and minimum of 48.45 cm for males. The corresponding values for
females are 50.53 c¢m, 52.76 cm and 47.93 cm, respectively. These figures indicate
that growth of females is similar for 5t IOth, and similar for 50" and 75 percentile
but the 25" and 90™ percentile for females is different than other percentile values. At
age 6 years and after 11 years the difference between 5™ and 75" percentile for males
is about 1.50 cm and 1.42 cm, for females these differences are 5.38 cm and 4.88 cm,
respectively. The maximum difference among percentile curves for males is 6.00 cm
and for females is 7.00 cm. It is also mentionable that growth of head circumference
is a little amount for males and females during study period where growth of males is

closely related than females.
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Figure 5.2.6a: Head circumference percentile chart of males
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Figure 5.2.6b: Head circumference percentile chart of females
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Chapter- Six

Concluding Remarks

6.1: Major Findings

Mean stature velocity for male children are comparatively larger than females, and
also stature of males are more consistent than females. It is found that at age interval
7.01 - 8.00 and 9.51 — 10.00, on average, rural females are taller than rural males but
for other age intervals rural males are taller than females. The maximum sex
difference in stature is observed to be 3.40 ¢m, 138.74 cm for males and 135.34 cm
for females with standard deviations 7.82 cm and 6.33 cm, respectively. This implies,
mean stature velocity for males is comparatively larger than females, and also stature
of male are more consistent than females in rural. Mean stature velocity for rural
males is comparatively larger than that of urban males, and also statures of urban
males are more consistent than rural males. The urban females are taller than rural
females and their difference is significant (p<0.05). The urban males and females are
heavier than rural males and females, and their differences is statistically significant

(p<0.05).

Sitting height velocity for females are comparatively larger than males, and also
sitting height of males are more consistent than females. Average sitting height
velocity for rural males is comparatively larger than females, but males are more
consistent than females. Also, the growth in sitting height of males and females in
rural are closely related and their differences are not significant. The urban children

are taller in sitting height than rural children and their difference is significant

(p<0.05).
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Growth of leg length of males and females has a littlie difference. Average leg length
velocity for urban males is comparatively larger than females and also growth in leg
length of urban males are more consistent than urban females and there was no
significant difference between urban males and females. Leg length of rural males and
females are closely related and there has no significant difference but an increasing
diversity is present in leg length of rural males than females after age interval 10.51-
11.00. The maximum regional difference in leg length is observed to be 2.04 c¢m,
58.68 cm for urban males and 56.64 cm for rural males with standard deviations 2.65
cm and 4.02 cm, respectively implying growth velocity for rural males are
comparatively larger than urban males but growth in leg length for urban males are
more consistent than rural males. Moreover there has no significant difference in leg
length between rural and urban males. The maximum regional difference of females
in leg length 1s observed to be 3.60 ¢m, 57.67cﬁ1 for urban females and 54.07 ¢m for

rural females. It is found that females of urban are taller than rural in leg length.

After age of 10 years, chest circumference of males is greater than females. and for
the other intervals growth in chest circumference for males and females is more or
less uniform and growth of males in chest circumference are more consistent than
females. Sex difference in chest circumference is found to be insignificant. The chest
circumference of urban males is greater than urban females but the growth difference
of urban males and females in chest circumference are not significant. The chest
circumference of rural males and females. close to each other at age interval 6.51-9.00
years but after age 9 an increasing growth velocity is present in males while its
growth in females are less than males but the growth of rural females is more
consistent than rural males. The maximum regional difference of males in chest

circumference is observed to be 3.68 cm and the maximum regional difference of
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females in chest circumference is observed to be 6.03 cm. The growth of rural females
is more consistent than urban and regional differences of males and females are

statistically significant (p<0.05).

Head length of males is greater than that of females and growth of males is more
consistent than females. Average head length of urban males is greater than urban
females and the sex differences in head length of urban is statistically significant
(p<0.05). Average head length of rural males is greater than females and growth
velocity of rural females in head length is greater than males but the sex differences in
rural is insignificant. Regional difference for males and females in head length are

statistically significant (p<0.05).

Average head breadth of males is greater than females. The sex differences of urban
in head breadth are statistically significant (p<0.05). Average head breadth of rural
males is greater than females but growth of rural females are consistent than rural
males. Average head breadth of urban males is greater than rural males. Growth
variation for rural males is comparatively larger than urban males, but growth in head
breadth of urban males are more consistent than rural males. At age interval 6.51-
10.00, average head breadth of urban females is greater than rural females but after
age interval 9.51-10.00, an increasing diversity is found in rural females and the
regional difference in head breadth of males and females are statistically significant

(p<0.05).

Average head circumference of males is greater than that of females. Average head
circumference of urban males is greater than urban females at each age intervals, The
sex difference in head circumference for urban children is statistically significant

(p<0.05). Growth pattern of rural males and females in head circumference are same
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but head circumferences of rural males are greater than rural females. The sex
difference in rural is not significant. Regional differences in head circumference for
males are statistically significant (p<<0.05). Head circumferences for urban females are
greater than rural females but growth of rural females is more consistent than urban

females.

Growth of elbow-wrist length (right and left) is more or less uniform for both males
and females. Elbow-wrist length (right and left) of males is greater than females for
all age intervals and there has no significant difference between left and right elbow-

wrist length. The sex difference in elbow-wrist length is found but it is not significant.

Growth of right upper arm length and left upper arm length is more or less uniform
and closely related for both males and females. The maximum difference between left
and right upper arm length is 0.07 cm for males and 0.05 cm for females. However

the sex difference in upper arm length is found but not significant.

Tibia lengths (right) are not different for males and females but tibia length (left) of
females is slight higher than males. There has slight sex difference but not significant

in growth of left and right tibia length.

The growth velocity for females is comparatively larger than males, but growth of
males are more consistent than females in upper arm circumference (right and left).

The sex difference in upper arm circumference is found but it is not significant.

Growth of stature for males with respect to sitting height is positively allometric but
tending to isometry, while it is negative allometry for females. This implies growth
rate of stature is greater than sitting height for males but this rate of stature is smaller

than sitting height for females. It also found that growth of stature with respect to
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sitting height for urban males and females follow negative allometry, which means
growth rate of stature is smaller than that of sitting height, but for rural males and
females it shows reverse situation comparative to urban. On the other hand, it is found
that growth of stature with respect to leg length follows negative allometry for both
males and females, which means the growth rate of stature is smaller than that of leg

length.

Growth in sitting height with respect to stature for both males and females has
negative allometry implying the growth rate of sitting height is smaller than that of

stature. The regional slope difference in females is statistically significant (p<(0.05).

Growth of leg length with respect to stature follows positive allometry for both males
and females implying growth rate of leg length is greater than that of stature. This
relationship is isometry for urban females which means growth rate of leg length and
stature are the same. The slope difference between urban females and rural females is
statistically significant (p<0.05). Growth of urban males and females in leg length are

greater than rural males and females.

Growth of chest circumference with respect to stature follows negative allometry for
males and females but the growth of urban females in chest circumference is
isometry, which means growth rate of chest circumference and stature are the same.
Growth in head length with respect to stature follows negative allometry for males
and females and regional slope difference in females is statistically significant
(p<0.05).

Growth of head breadth with respect to stature follows negative allometry for both

males and females.
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Growth of head circumference with respect to stature follows negative allometry for
both males and females. Allometric coefficients of urban children are greater than
rural in head circumference with respect to stature.

The allometric coefficient of elbow-wrist length (right and left) with respect to stature
is greater than 1 for males and females implying growth rate of elbow-wrist lengths is
greater than growth rate of stature. Growth of urban children in elbow-wrist length is
greater than rural children. The slope difference between urban children and rural

children are statistically significant (p<0.05).

Growth of upper arm length (right and left) with respect to stature is positively
allometric for both males and females but growth of upper arm length (right and left)
with respect to stature is isometry for urban females. The slope of males (both urban
and rural) in upper arm length is greater than females, which means growth of upper

arm length of males is greater than that of females.

Growth of tibia length (right and left) with respect to stature is positively allometric
for both males and females. And allometric coefficient of males (both urban and rural)
is greater than females, which means growth of tibia length of males is greater than

that of females.

Growth of upper arm circumference (right and left) with respect to stature is positive
allometry for males and females but growth of upper arm circumference (right and
left) with respect to stature is isometry for rural males and it is negative allometry for
rural females implying growth rate of upper arm circumference and stature are the
same for rural males but in rural females it is less than that of their stature. The slope
of males for both urban and rural is greater than females, which means growth of

upper arm circumference of males is greater than females.
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6.2: Limitations of the Study

Longitudinal study is time-consuming and laborious, and it is quite difficult to
observe particular subjects at regular intervals over a long period of time without any
interruption. We have started our study with 117 school going children, 55 males and
62 females. At the end of study, the sample size reduced to 89, 44 males and 45
females. During the study, we have lost about 24% of the sample due to migration of
the parents. To confirm the birth date of the child, it was a problem that in rural area,
most of the parents did not remember. The irregularities observed in different figures
were just immediate before and after this loses in sample size. This might be due to
fluctuation in sample size or some other causes. This problem might be overcome
with large samples. But it was lacking of finance, perfect manpower to support this
study. Longitudinal growth may be affected by some other socio-economic,
physiological, environmental factors.

6.3: Scope for Further Research

There are several ways to extend our present study. It is possible to find changes in
head and body dimensions in other populations by applying the same techniques. For
a complete growth study, longitudinal data from birth to 18 years, at least, is
necessary. This study has covered only 6-12 years of age and may be extended for
further research. Impact of sample size variation, that might be a cause of fluctuations
and variation in the observed growth curves may be studied with large sample.
Variation among the measurements of urban and rural females may be considered for
further investigation. Different growth models for predicting growth patterns may be
considered. Inter-correlation between calories, protein intakes, seasonality of birth, etc
that influencing the growth pattern may be taken into accounts for further research.
Nutritional status, reproductive health of the mother during pregnancy, total duration

of pregnancy is important issues of further research on child growth.
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Appendix

Questionnaire

ALLOMETRIC MODEL STUDY OF INTER LIMB GROWTH:
A CASE STUDY OF CHILDREN FROM JESSORE DISTRICT
Department of Statistics
University of Rajshahi
Bangladesh.
(Collected data will be used only for research work)
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s¢ | Anthropological Information about child:

sifae foret s
taf¥igy
Height (cm)
Weight (kg)
Sitting height (cm)
- Right
T
ibia length (cm) Loft
Right
Upper arm length (cm) L::%:t
: Right
Elbow-Wrist length(cm) Teft
; Right
Upper arm circumference(cm) Teft
Chest circumference(cm)
Head circumference(cm)
Head length (mm)
Head breadth (mm)
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