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ABSTRACT Objectives: To understand the difference in growth pattern of different body dimensions 

among boys and girls during pre-pubertal and post-pubertal span of life.  

Material and Method: A cross-sectional survey was conducted on 612 individual consisting of 312 

girls and 300 boys of 5 to 18 years of age; who were recruited from a central Indian town (Sagar). 

They were measured for ten anthropometric traits viz. stature, sitting height, Body weight, head 

length, head breadth, head circumference, upper arm circumference, chest circumference, hip 

circumference and waist circumference.  

Results: The boys and girls grow almost with same rate upto puberty. During early span of life girls 

are insignificantly taller and heavier than boys but after puberty the boys become significantly taller 

and heavier as well as they have overall larger body dimensions than the girls. On the basis of 

regression analysis, it was found that the growth pattern of height, body weight sitting height, upper 

arm circumference and head circumference was faster among girls as compared to boys during pre-

puberty; whereas, the growth pattern of head length, head breadth and circumferences like chest, 

waist and hip circumference were faster among the boys. On the contrary, during puberty and after 

puberty the growth of all above body dimensions and body mass is faster among boys as compared to 

girls. 

Conclusion: There is almost no sexual dimorphism in growth pattern of boys and girls upto puberty. 

After puberty, the boys exceed than girls and sexual dimorphism is apparent. 

http://www.humanbiologyjournal.com/
mailto:trachna4@gmail.com
mailto:goutamraj@rediffmail.com
mailto:goutamraj2006@gmail.com
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INTRODUCTION 

The growth of children in a population reflects their nutritional status and indirectly 

determines their standard of living. Growth is influenced by diet intake and expenditure on 

general health condition of an individual. Studies on child growth and development have 

always occupied an important position in the scientific research curriculum and are of interest 

to the researchers of both Medical Science and Physical Anthropology (Sharma 1970). A 

well-designed growth study may provide a powerful tool to identify the health and nutritional 

status of any population or community. 

Linear body dimensions of children and youth predominantly reflect growth of bone 

(Papelia et al 1989). These dimensions are closely associated with structural and functional 

changes. For instance, pubertal height velocity is highly related to the menarcheal age and the 

slowdown of the growth of locomotor system with the onset of growth of the respiratory 

system (Ellison 1982). As any dynamic system, bone has to maintain a balance of proportions 

in its permanent change of size and structure (Tanner et al 1976). This process is known to be 

different in boys and girls during puberty, although growth of children is too complex to be 

described. Anthropometric measurements are usually the parameter used in the assessment of 

changes in linear body dimensionality.  

It has been already recognized that environmental factors influence body shape 

(Eveleth and Tanner 1990; Bogin 1988). The changes of body proportions under the 

influence of improved quality of life are well documented in the Japanese and Polish 

populations (Tanner et al 1982). In contrast to the trunk and legs, the relative growth of arms 

has been poorly documented and there are scarcity of data on its sexual dimorphism and 

variability among populations.  

This study is focused on stature, sitting height, body weight, head length, head 

breadth, head circumference, upper arm circumference, chest circumference, hip 

circumference and waist circumference for boys and girls of 5-18 years of age, which reflect 

Sexual dimorphism in human growth from childhood to adolescence. Since growth of stature 

results from changes in length of upper and lower body segments with age, it is indispensable 

to include sitting height and limbs length in the analysis of growth. The patterns of relative 

growth of trunk and lower extremities vary among populations. While accepting a strong 

environmental component for body size, most scholars have opted for genetic control of body 
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proportions (Bogin, 1988; Treloar et al.1990 Bogin et al. 2001; Mustanski et al.2004 and Ge 

et al 2007). 

Hence, to understand the difference in growth pattern of different body dimensions 

among boys and girls during pre-pubertal and post-pubertal span of life. Anthropometric 

measurements were taken as it is the universally applicable, inexpensive and non-invasive 

technique available to researchers for the assessment of the size and proportion of the human 

body (WHO 1995) and is a very useful tool in the assessment of growth and nutrition 

(Gorstein et al. 1994; Hamieda and Billot 2002). The technique of anthropometry has been 

successfully utilized by different researchers to assess and document the growth and 

nutritional status of various human communities, (Sharma and Sharma 1992; Bailey and 

Ferro-Luzzi 1995; Deurenberg-Yap et al. 2000; Mehta and Shringarpure 2000; Misra et al. 

2001; Khongsdier 2002; Rao et al. 2006; Zerfu and Mekasha 2006; Bharati et al. 2007; 

Semproli and Gualdi-Russo 2007; Bisai et al. 2008; Bose et al. 2008; Chowdhury et al. 2008; 

Olivieri et al. 2008, Gautam et al., 2006, Gautam 2007 and 2013, Thakur and Gautam 2014 

and 2015).  

SUBJECTS AND METHODS 

The samples for the present study were recruited from fourteen schools of Sagar Town of 

Sagar district of Madhya Pradesh State of Indian Union. The sample consists of 612 (312 

girls and 300 boys), aged 5-18 years of age. The anthropometric measurements were taken 

during the month of September 2013 to February 2014.  In connection with the studies on 

growth and development the information on correct age of children is extremely important. If 

the age of children is doubtful the result is completely misleading. For the present study, age 

was ascertained in completed year of each subject through school admission records. If the 

sample was 5 year and 6 month old, it refers to 5 year, at the same time, if he refers to 5 year 

7 month, then the age was rounded up to 6 year.   

A total of 10 anthropometric measurements were taken on each individual fallowing 

the standard procedure as described by Gibson (1990). The anthropometric measurements of 

height, weight, sitting height, head length, head breadth, head circumference, upper arm 

circumference, chest circumference, waist circumference and hip circumference were taken. 

The measurements were taken with all possible caution maintaining uniformity and accuracy 

in the techniques, after undergoing extensive training. Portable digital weighing machine, 

anthropometer rod, tape and spreading caliper were used to measure the various 
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anthropometric measurements. A detailed description of the study technique is available 

elsewhere (Thakur and Gautam 2014 & 2015).  

Descriptive statistics was used to present substantial characteristics of the data. 

Comparisons between sexes and successive age cohorts were carried out by using univariate 

analysis of variance (ANOVA), student t-test is used to distinguish between the age cohorts 

of two sexes, followed by simple linear regression analysis of pre-pubertal and pubertal and 

post-pubertal cohort of boys and girls.  

RESULTS  

Descriptive statistics of body weight, stature, sitting height, head length, head breadth, head 

circumference, upper arm circumference, chest circumference, hip circumference and waist 

circumference are presented by age cohorts in Tables 1. To understand the difference 

between boys and girls t-test and Error bar diagramme was used. The error bar diagramme 

(95% confidence intervals) constructed by age and sex are shown in Figure 1 to 10. 

Table 1. Comparison of age wise body mass and dimensions  among 

school going boys and girls of Central India 

Age Mean  Paired Differences t- value df P- value 

Boys  Girls Mean SD SE 

Body mass (in Kgs) 

5 15.3 15.3 0 2.5 0.5 0.118 19 0.907 

6 16.5 17.6 1.1 2.9 0.6 1.621 21 0.120 

7 18.3 19.2 0.9 4.4 0.9 0.731 21 0.473 

8 19.5 20.8 1.3 5.0 1.1 0.958 20 0.349 

9 21.9 22.6 0.7 6.0 1.3 0.239 22 0.813 

10 24.8 25.0 0.2 5.5 1.2 0.237 20 0.815 

11 27.4 28.6 1.2 7.0 1.5 0.669 21 0.511 

12 30.7 33.2 2.5 10.5 2.2 0.907 21 0.375 

13 33.8 35.8 2 10.4 2.3 0.860 19 0.400 

14 37.3 34.7 -2.6 9.7 2.1 -0.838 20 0.412 

15 40.0 41.0 1.0 11.0 2.5 0.417 19 0.681 

16 46.3 40.2 -6.1 11.2 2.5 -2.425 19 0.025 

17 51.1 45.3 -5.8 10.7 2.4 -2.558 19 0.019 

18 52.0 43.7 -8.3 7.4 1.7 -5.107 19 0.001 

Height (in cm)  

5 103.4 105.8 2.4 9.0 2.0 1.197 19 0.246 

6 108.4 111.7 3.3 8.4 1.8 1.927 21 0.068 

7 112.9 117.3 4.4 9.4 2.0 1.875 21 0.075 

8 118.7 120.4 1.7 9.3 2.0 0.942 20 0.357 

9 122.7 125.5 2.8 10.4 2.2 0.780 22 0.444 

10 129.6 130.7 1.1 7.7 1.7 0.572 20 0.574 

11 134.9 137.2 2.3 10.5 2.2 0.912 21 0.372 

12 141.5 142.4 0.9 16.6 3.5 0.215 21 0.832 

13 145.2 144.6 -0.6 7.7 1.7 -1.281 19 0.215 

14 151.0 145.1 -5.9 10.8 2.4 -2.231 20 0.037 

15 156.3 151.4 -4.9 10.2 2.3 -2.143 19 0.045 

16 161.2 148.6 -12.6 8.0 1.8 -7.026 19 0.000 
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17 164.0 153.2 -10.8 13.8 3.1 -3.398 19 0.003 

18 166.1 153.0 -13.1 5.8 1.3 -10.513 19 0.000 

Sitting Height (in cm) 

5 55.8 56.0 0.2 4.9 1.1 0.104 19 0.918 

6 57.5 58.7 1.2 4.9 1.0 0.960 21 0.348 

7 60.2 61.7 1.5 4.3 0.9 1.370 21 0.185 

8 63.1 63.3 0.2 6.4 1.4 0.027 20 0.978 

9 63.9 64.6 0.7 5.1 1.1 0.366 22 0.718 

10 67.2 67.6 0.4 4.7 1.0 0.521 20 0.608 

11 68.6 70.6 2 5.2 1.1 1.642 21 0.115 

12 71.7 72.5 0.8 7.6 1.6 0.355 21 0.726 

13 73.9 74.3 0.4 5.8 1.3 0.186 19 0.854 

14 76.2 74.5 -1.7 6.2 1.4 -1.028 20 0.316 

15 78.6 77.6 -1 6.6 1.5 -0.677 19 0.507 

16 82.2 76.5 -5.7 5.7 1.3 -4.441 19 0.000 

17 83.8 79.4 -4.4 5.1 1.1 -3.978 19 0.001 

18 82.5 78.6 -3.9 7.1 1.6 -2.625 19 0.017 

Head length (in cm) 

5 16.7 15.8 -0.9 0.7 0.2 -5.300 19 0.001 

6 17.1 16.1 -1 0.7 0.1 -6.733 21 0.001 

7 17.0 16.1 -0.9 1.3 0.3 -3.679 21 0.001 

8 17.2 16.2 -1 0.7 0.1 -6.708 20 0.001 

9 17.3 16.3 -1 0.8 0.2 -6.469 22 0.001 

10 17.7 16.1 -1.6 1.0 0.2 -6.974 21 0.001 

11 17.7 16.6 -1.1 0.9 0.2 -5.559 21 0.001 

12 17.8 16.9 -0.9 0.9 0.2 -5.145 21 0.001 

13 18.0 16.9 -1.1 0.6 0.1 -7.347 19 0.001 

14 18.2 16.8 -1.4 0.9 0.2 -6.344 20 0.001 

15 18.0 16.9 -1.1 0.9 0.2 -5.833 19 0.001 

16 18.4 16.8 -1.6 0.8 0.2 -9.595 19 0.001 

17 18.8 17.1 -1.7 1.0 0.2 -7.465 19 0.001 

18 18.7 17.2 -1.5 0.9 0.2 -8.151 19 0.001 

Head breadth(in cm) 

5 12.8 12.7 -0.1 0.7 0.2 -0.419 19 0.680 

6 12.8 12.9 0.1 0.6 0.1 0.631 21 0.535 

7 13.2 12.9 -0.3 0.8 0.2 -2.063 21 0.052 

8 13.2 13.0 -0.2 0.6 0.1 -0.843 20 0.409 

9 13.2 13.0 -0.2 0.7 0.1 -1.951 22 0.064 

10 13.5 13.0 -0.5 1.1 0.2 -1.838 20 0.081 

11 13.3 13.0 -0.3 0.8 0.2 -1.960 21 0.063 

12 13.5 13.2 -0.3 0.9 0.2 -1.427 21 0.168 

13 13.3 13.1 -0.2 0.7 0.2 -1.137 19 0.270 

14 13.5 13.3 -0.2 0.7 0.2 -1.162 20 0.259 

15 13.5 13.4 -0.1 0.9 0.2 -0.511 19 0.615 

16 13.9 13.4 -0.5 0.8 0.2 -2.640 19 0.016 

17 14.1 13.5 -0.6 0.8 0.2 -3.538 19 0.002 

18 14.1 13.4 -0.7 0.8 0.2 -3.497 19 0.002 

 

Head circumference (in cm) 
5 49.4 48.9 -0.5 1.8 0.4 -1.198 19 0.246 

6 49.9 49.4 -0.5 2.3 0.5 -1.356 21 0.190 

7 49.8 49.5 -0.3 2.3 0.5 -.651 21 0.522 

8 50.3 49.9 -0.4 1.8 0.4 -1.034 20 0.313 
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9 50.4 50.8 0.4 2.1 0.4 0.317 22 0.754 

10 51.0 51.0 0 2.1 0.5 -0.184 20 0.856 

11 51.6 51.5 -0.1 1.8 0.4 -0.209 21 0.836 

12 52.0 52.2 0.2 2.7 0.6 0.206 21 0.839 

13 52.1 52.5 0.4 2.1 0.5 0.919 19 0.370 

14 52.5 52.1 -0.4 1.6 0.3 -0.562 20 0.581 

15 52.6 52.8 0.2 2.4 0.5 0.472 19 0.642 

16 53.8 53.2 -0.6 2.0 0.5 -1.358 19 0.190 

17 55.3 53.7 -1.6 1.8 0.4 -4.342 19 0.001 

18 55.2 53.4 -1.8 2.3 0.5 -3.642 19 0.002 

Chest  circumference (in cm) 

5 51.8 53.7 1.9 4.2 0.9 1.972 19 0.063 

6 53.2 56.0 2.8 4.0 0.9 3.057 21 0.006 

7 54.5 56.1 1.6 5.0 1.1 1.414 21 0.172 

8 55.7 57.7 2 5.3 1.2 1.622 20 0.121 

9 57.7 59.8 2.1 6.1 1.3 1.046 22 0.307 

10 60.6 61.7 1.1 6.4 1.4 0.734 20 0.471 

11 61.8 64.4 2.6 7.5 1.6 1.468 21 0.157 

12 64.5 69.7 5.2 8.8 1.9 2.491 21 0.021 

13 67.7 70.2 2.5 8.5 1.9 1.173 19 0.255 

14 69.1 71.2 2.1 7.0 1.5 1.724 20 0.100 

15 70.9 75.6 4.7 8.1 1.8 2.593 19 0.018 

16 76.8 76.0 -0.8 8.0 1.8 -0.487 19 0.632 

17 79.0 78.6 -0.4 8.0 1.8 -0.434 19 0.669 

18 79.7 77.0 -2.7 6.0 1.4 -1.973 19 0.063 

Upper arm circumference (in cm) 

5 15.1 15.2 0.1 1.4 0.3 0.319 19 0.753 

6 15.3 16.0 0.7 1.5 0.3 1.827 21 0.082 

7 15.4 16.1 0.7 2.0 0.4 1.677 21 0.108 

8 16.0 16.6 0.6 2.0 0.4 1.093 20 0.287 

9 15.9 17.1 1.2 1.9 0.4 2.963 22 0.007 

10 17.3 17.7 0.4 2.0 0.4 1.100 20 0.284 

11 18.0 18.6 0.6 2.2 0.5 1.111 21 0.279 

12 18.3 19.5 1.2 2.7 0.6 1.954 21 0.064 

13 19.2 20.3 1.1 3.4 0.8 1.420 19 0.172 

14 19.6 19.8 0.2 2.9 0.6 0.628 20 0.537 

15 20.1 21.0 0.9 2.8 0.6 1.567 19 0.134 

16 22.0 21.4 -0.6 3.0 0.7 -0.973 19 0.343 

17 23.3 22.4 -0.9 2.7 0.6 -1.354 19 0.192 

18 24.0 22.4 -1.6 3.0 0.7 -2.477 19 0.023 

Hip Circumference /Girth (in cm) 

5 53.8 57.6 3.8 5.0 1.1 3.413 19 0.003 

6 55.4 58.7 3.3 4.5 1.0 3.439 21 0.002 

7 57.1 60.1 3 5.9 1.3 2.200 21 0.039 

8 58.0 60.8 2.8 6.0 1.3 2.067 20 0.052 

9 60.3 62.4 2.1 7.5 1.6 1.482 22 0.152 

10 62.9 65.0 2.1 6.5 1.4 1.539 20 0.140 

11 65.5 68.6 3.1 7.4 1.6 1.920 21 0.069 

12 67.2 71.9 4.7 7.1 1.5 2.807 21 0.011 

13 69.1 74.9 5.8 9.7 2.2 2.602 19 0.017 

14 71.2 74.9 3.7 8.6 1.9 2.251 20 0.036 

15 73.0 78.3 5.3 6.6 1.5 3.562 19 0.002 

16 78.1 78.8 0.7 9.6 2.2 0.313 19 0.757 

17 82.1 81.2 -0.9 7.9 1.8 -0.738 19 0.470 
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18 81.0 80.9 -0.1 6.4 1.4 -0.035 19 0.973 

Waist circumference (in cm) 

5 48.4 52.1 3.7 3.4 0.8 4.954 19 0.001 

6 49.7 52.7 3 3.8 0.8 3.493 21 0.002 

7 51.4 53.6 2.2 4.7 1.0 2.306 21 0.031 

8 51.6 55.8 4.2 6.6 1.4 2.732 20 0.013 

9 52.4 55.2 2.8 6.0 1.2 2.021 22 0.056 

10 55.1 55.7 0.6 6.3 1.4 0.590 20 0.562 

11 57.1 58.0 0.9 4.7 1.0 0.539 21 0.596 

12 57.1 61.0 3.9 8.2 1.7 2.027 21 0.056 

13 60.4 63.8 3.4 9.8 2.2 1.604 19 0.125 

14 62.1 62.1 0 6.5 1.4 0.385 20 0.705 

15 62.9 64.7 1.8 7.2 1.6 1.143 19 0.267 

16 66.6 65.1 -1.5 6.9 1.5 -0.989 19 0.335 

17 68.6 68.4 -0.2 7.4 1.7 0.060 19 0.953 

18 68.8 66.3 -2.5 7.4 1.7 -1.630 19 0.119 

 

It is apparent from the Table 1 that there is no difference in mean body mass of boys and girls 

of 5 years of age. During 6 to 13 years of age, the girls become heavier than boys; but, the 

difference is insignificant (t<1.0 and p>0.05), after 13 years of age, the trend was reversed 

and boys become heavier than the girls, during 13 to 15 years the difference is insignificant, 

but at 16 years of age and onward this difference is significant (t=-2.0 to -0.5 and p<0.05). In 

this way, finally, the boys become heavier than the girls, as also clear from t-test and error bar 

diagramme (Figure 1).  
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It is evident that girls are taller than the boys of upto 12 years of age but difference is 

insignificant (t<1.0 and p>0.05). After 13 years of age, boys exceed the girls and become 

taller and the difference was found significant which is also apparent from t-test and 

illustrated through error bar diagramme (Figure 2).  

 

Sitting height is a length of trunk, neck and head. But primarily it gives information about 

trunk size of an individual which is largely determined by heredity. In the present study the 

growth pattern of sitting height of girls and boys were compared. It was found that girls are 

taller than boys up to 13 year of age; there is insignificant difference in their sitting height 

during 5-15 years, but after 15 years, the difference was significant, which is further proved 

by t-test and error bar diagramme (Figure 3). The boys were significantly taller in sitting 

height, after 15 years of age. 



Pre-pubertal and post-pubertal growth differences : Thakur and Gautam   (2017) pp. 164-187 

 

172 
 

 

 



Human Biology Review (ISSN 2277 4424) 6(2) Thakur and Gautam   (2017)  pp.164-187 

 

173 
 

It was found that the boys have longer and broader head than girls. The difference of head 

length is statistically significant (p>0.001) and also apparent from error bar diagramme 

(Figure 4); whereas the difference of head breadth was insignificant for age cohort 5- 15 

years; but after 15 years of age, there is significant difference in their head breadth, which is 

also apparent from t-test and error bar diagramme (Figure 5). 

 

Alike head length and breadth, the head circumferences of girls’ were smaller than boys 

except 9, 12, 13 and 15 years of age; although this difference is insignificant (t<1.0 and 

p>0.05). Head circumference of boys and girls is similar for 10 years of age. After 16 years 

of age, the difference was found significant as also evident from t-test and error bar 

diagramme (Figure 6).  

The mean chest circumference of girls is larger than boys between 5 to 15 years of age, but 

after 15 years of age, the chest circumference of boys become larger than girls, although the 

difference is insignificant throughout (Figure 7).  

It was found that girls’ upper arm was thicker than boys up to 15 years of age; whereas, after 

16 years, boys’ upper arm was thicker, although this difference was insignificant (t<1.0 and 

p>0.05), the age 9 and 18 years are exception (Figure 8), in which the difference was 

significant. 
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Girls’ hip are thicker than boys during childhood and adolescence upto 15 years of age and 

the difference is significant with an exception of  9, 10 and 11 years of age. From the age of 

16 years and onward the boys hip circumference become almost equal to the girls with 

minute difference as also evident from error bar diagramme (Figure 9). 
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Alike hip circumference, the waist circumference of girls’ was also broader as compared to 

boys of upto 13 years of age, whereas at 14 years of age, the mean of waist circumference of 

boys and girls is equal (62.1cm). After 15 years of age, boys’ waist is broader than girls. 

There is significant difference in mean waist circumference of boys and girls of 5-9 years of 

age; but after 10 years there is insignificant difference in their waist circumference (figure10). 
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Table 2.  Regression coefficient and F-statistics of  age (independent variable) and different 

anthropometric characteristics among  school going girls and boys. 

S. 

No 

Dependent Variables Coefficients of regression F-statistics 

R R
2
 β SE t 

Value 

F 

Change 

P 

Value 

  Pre-pubertal Girls (Age<11 Years age)  

1 Height 0.778 0.605 4.803 0.335 14.33 205.24 0.001 

2 Sitting height 0.725 0.526 2.195 0.18 12.18 148.41 0.001 

3 Weight 0.708 0.502 0.272 0.023 11.62 134.98 0.001 

4 Chest circumference 0.577 0.333 1.514 0.185 8.19 67.04 0.001 

5 Hip circumference 0.480 0.230 1.379 0.218 6.33 40.08 0.001 

6 Upper arm 

circumference 

0.523 0.273 0.456 0.064 7.10 50.37 0.001 

7 Waist circumference 0.339 0.115 0.789 0.189 4.18 17.43 0.001 

8 Head circumference 0.466 0.218 0.434 0.071 6.10 37.25 0.001 

9 Head length 0.195 0.038 0.074 0.032 2.30 5.28 0.023 

10 Head Breadth 0.211 0.045 0.058 0.023 2.50 6.26 0.014 

  Pubertal and Post-Pubertal Girls (Age≥11 Years age) 

1. Height 0.606 0.367 2.189 0.218 10.05 100.94 0.001 

2. Sitting height 0.608 0.369 1.210 0.120 10.09 101.79 0.001 
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3. Weight 0.626 0.392 0.176 0.017 10.60 112.34 0.001 

4. Chest circumference 0.611 0.373 1.845 0.181 10.18 103.67 0.001 

5. Hip circumference 0.579 0.335 1.768 0.189 9.37 87.75 0.001 

6. Upper arm 

circumference 

0.544 0.295 0.553 0.065 8.54 72.97 0.001 

7. Waist circumference 0.467 0.218 1.228 0.176 6.97 48.53 0.001 

8. Head circumference 0.401 0.160 0.279 0.048 5.77 33.25 0.001 

9. Head length 0.256 0.066 0.064 0.018 3.50 12.21 0.001 

10. Head Breadth 0.299 0.090 0.069 0.017 4.14 17.14 0.001 

  Pre-pubertal Boys (Age<12 Years age) 

1. Height 0.772 0.597 5.143 0.368 13.97 195.17 0.001 

2. Sitting height 0.717 0.514 2.260 0.191 11.82 139.71 0.001 

3. Weight 0.694 0.484 0.259 0.023 11.08 122.83 0.001 

4. Chest circumference 0.654 0.427 1.685 0.170 9.93 98.51 0.001 

5. Hip circumference 0.642 0.412 1.762 0.183 9.61 92.34 0.001 

6. Upper arm 

circumference 

0.460 0.212 0.391 0.066 5.96 35.47 0.001 

7. Waist circumference 0.502 0.252 1.198 0.180 6.66 44.39 0.001 

8. Head circumference 0.313 0.098 0.301 0.080 3.78 14.31 0.001 

9. Head length 0.386 0.149 0.169 0.035 4.81 23.14 0.001 

10. Head Breadth 0345 0.119 0.134 0.032 4.22 17.79 0.001 

  Pubertal and Post-Pubertal Boys (Age≥12 Years age) 

1. Height 0.787 0.619 4.581 0.280 16.34 266.94 0.001 

2. Sitting height 0.714 0.510 2.209 0.169 13.07 170.70 0.001 

3. Weight 0.799 0.639 0.171 0.010 17.03 289.92 0.001 

4. Chest circumference 0.788 0.620 2.700 0.165 16.37 267.89 0.001 

5. Hip circumference 0.760 0.577 2.511 0.168 14.96 223.88 0.001 

6. Upper arm 

circumference 

0.731 0.534 0.902 0.066 13.72 188.14 0.001 
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7. Waist circumference 0.659 0.434 1.882 0.168 11.22 125.89 0.001 

8. Head circumference 0.636 0.405 0.553 0.052 10.56 111.42 0.001 

9. Head length 0.496 0.246 0.161 0.022 7.32 53.56 0.001 

10. Head Breadth 0.422 0.178 0.119 0.020 5.96 35.54 0.001 

 

To understand, the sexual dimorphism in human growth during pre-puberty and  

puberty+post-puberty regression analysis were computed. The age of samples were taken as 

independent variable, whereas above stated ten anthropometric characteristics viz. body 

weight, height etc. were taken as dependent variable. The findings of regression analysis are 

presented in Table 2. The regression coefficient was found significant (p>0.001) for all the 10 

measurements. During pre-puberty, it was found that the growth pattern of height, body 

weight sitting height, upper arm circumference and head circumference was faster among 

girls as compared to boys; whereas, the growth pattern of head length, head breadth and 

circumferences like chest, waist and hip circumference were faster among the boys (Figure 

11). Further during pre-puberty the regression coefficient is highest (r
2
= 0.605) for stature 

(height) of girls and lowest (r
2
=0.038) for head length. It can be inferred that among girls 

60.5% of height and 3.8% of head length was determined by age during pre-puberty. The 

remaining values are in-between the two. At the same time, during puberty and after puberty 

the growth of all above body dimension and mass is faster among boys as compared to girls. 

The regression coefficient (r
2
) of height for boys is 0.619 as compared to 0.367 for girls. 

Weight gain and expansion of chest circumference is further faster among boys (r
2
 = 0.639 

and 0.620) respectively (Figure 12). In this way, at adulthood boys become taller and heavier 

as compared to girls. 
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 Discussion 

The findings of this study are based on the comparison of different anthropometric 

measurements. Girls’ were found better in body weight, height, sitting height, head 

circumference, as compared to boys during early childhood and upto pubertal stage, but after 



Human Biology Review (ISSN 2277 4424) 6(2) Thakur and Gautam   (2017)  pp.164-187 

 

181 
 

puberty the boys exceeds to girls in all body dimension considered for present study. It 

should be noted that head length and head breadth of boys were thoroughly larger than the 

girls. At around 10 years of age, puberty started, but there isn't much difference in the growth 

rate between two sexes. Growth rates changed during puberty, when hormones started the 

process of physical changes in teens, which occur at different individual rates and at different 

ages within their sex group. Growth continues for one or two years during puberty, but boys 

and girls develop at different rates. 

The onset of puberty in girls starts at around the age of 10. Girls on the average start 

their growth spurt between the ages of 10 to 14 years, about a year before boys. This is the 

reason that girls are often taller than boys of the same age during early childhood. The growth 

spurt in girls is also shorter than boys. Before girls start menstruating they have already 

reached close to their maximum height.  

The average boy starts his growth spurt at the age of 12 years. Boys grow 3-7 cm per 

year, but the most intense period of growth lasts in a few months. At the end of puberty, boys 

are usually about 13 cm taller than girls on the average. The peak of growth is generally two 

years after puberty begins. 

Differences in human body size and body proportions within populations are well 

known for various age groups. But there is little information about difference in growth 

pattern of boys and girls specifically during pre-puberty, puberty and post-pubertal span of 

life. Sexual dimorphism in human populations is relatively small as compared to non-human 

primates (Guegan et al. 2000). Present findings on significant increase of difference of 

anthropometric parameters at puberty in boys and girls support this hypothesis. There is a 

high correlation between sex hormones and the sex-specific development of the physique.  

 Different approaches have been undertaken to analyze sexual dimorphism. Some 

more or less sophisticated indices like the index of androgyny were developed to quantify 

anthropometric differences between the two sexes (Knussmann 1988).  

In almost all Indian populations, boys have a better access to food and basic amenities 

than girls (Kishor 1993). Numerous studies have also reported discriminations in diet and 

basic amenities against the girls (Borooah 2004, Thakur and Gautam 2014 & 2015). Still, the 

girls were found comparatively taller and heavier during early or pre-pubertal life. But, after 
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puberty the scenario is reversed; clearly indicates that there is sexual diamorphism in human 

growth.  

. The studies on Croatian and several other European populations pointed out that 

during pre-puberty, until the age of 8 to 9 years, sexual dimorphism in stature and sitting 

height is negligible. This pattern was noted in the Harpenden study (Tanner1986), Similar 

findings were reported in other European studies, e.g. Slovenian (Tomzo- ravnik 1986), 

German (Georgi et al, 1996), Spanish (De La et al. 1997), Hungarian (Eiben et al. 1991) etc. 

During puberty, sexual dimorphism in stature and sitting height markedly differs among 

populations due to the variation in timing and intensity of the morphological changes. In late 

adolescence, when linear growth is almost completed, there is again a considerable inter 

population similarity in sexual dimorphism despite the fact that its extent is maximal during 

this period. 

Throughout the pre-pubertal growth period girls achieved larger amounts of final 

linear size for age which suggests their earlier bone maturation. This was also documented by 

the Zürich Study (Gasser et al. 1991). 

The differential growth dynamics of body segments greatly influences changes of 

body proportions. Legs and stature have similar patterns of growth, especially in the pre-

pubertal period in both sexes stressing stronger dependence of stature on leg length than on 

sitting height or growth of trunk, which is also reported on the basis of correlation and 

regression analysis on adult population by Adak et al. (2006), Gautam (2007), Gautam and 

Thakur (2009) and others. The trend was associated with better nutritional and health status. 

It exists in both sexes and confirms that environmental factors influence body shape as well 

as body size, significantly. 

Finally, the present findings corroborate the sexual dimorphism in human growth and 

development. During early or pre-pubertal life the girls have faster growth as compared to 

boys of same age, but after puberty, the boys exceed the girls and become taller and heavier.  

Conclusion      

It can be concluded that there is no sexual dimorphism in humans during early stage 

of life or pre-pubertal span of life; but with onset of puberty, the boys not only, become 

significantly taller and heavier than girls; but in other body dimensions too, they grow larger 
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and faster as compared to girls. This change in growth rate occurs during puberty, because 

hormones start the process of physical changes, which occur at different individual rates and 

at different ages within their sex group. Finally, the boys become distinctly larger, heavier 

and taller and sexual dimorphism is apparent. 
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