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Abstract 

Definite and proportional biological relationship of stature with each and every part of the human body helps a forensic scientist 

to calculate the stature from dismembered and mutilated body parts in forensic examinations. Stature estimation becomes equally 

important in medico-legal cases as that of age, sex and race. 

Present study comprises of 300 Maharashtrian subjects (150 males and 150 females) in the age group of 18-25 years. Along with 

stature, three different dimensions of head were measured. Measurements were taken with the help of standard instruments. The 

mean and standard deviation were obtained. Pearson’s correlation coefficient and linear regression equations were derived for 

males and females separately and for total subjects of the study group. All the cephalic dimensions showed strong correlation 

with stature. Stature can be estimated by using regression equations derived in the study.  
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Introduction 

Anthropometry means the measurement of human 

beings, whether living or dead or on skeletal 

material.1In Greek anthropos means “man” and 

metron means “measure”. So the literal meaning of 

anthropometry is the measurement of human 

individual. It has been used for identification 

purposes and for understanding human physical 

variation.2 

Estimation of stature is an important tool in Forensic 

examination in cases of unknown, highly 

decomposed, fragmentary and mutilated human 

remains.Stature increases with age during growth 

from childhood to adulthood. However, it also tends 

to decrease with age due to compression of cartilage 

and loss of elasticity of the intervertebral disc3.   In 

order to determine stature separate regression 

formulae should be developed for each population 

group.  Many studies have been conducted on 

determination of sex and race from cephalic region 

by studying cephalic index but studies on estimation 

of stature from cephalic region are few. The data 

regarding stature estimation from cephalic 

dimensions in Maharashtra region is scarce. So the 

present study is conducted to derive regression 

equations for estimation of stature from cephalic 

dimensions in the state of Maharashtra. Our aim was 

to estimate stature from cephalic dimensions.  

Objectives: 

1. To study the correlation between 

stature and different cephalic 

measurements. 
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2. To study gender differences 

between stature & differe-

nt cephalic measurements. 

3. To derive regression formulae to 

predict the height of an individual 

using different cephalic dimen-

sions. 

4. To compare and correlate the 

findings of the present study with 

other studies performed previously.  

Material and methods:  

The present study lasted for 24 months duration, in 

which total 300 subjects (150 Females and 150 

Males) in the age group of 18-25 years (students of a 

medical college) were studied. 

Normal healthy adult males & females residing in 

Maharashtra state for at least 3 generations were 

included in the study. 

The subjects were studied for the following 

parameters.  

1. Height  

2. Maximum Head Length (MHL) 

3.Horizontal Circumference 

of Head (HC) 

4.  Maximum Head Breadth (MHB) 

The measurements were always 

taken at a fixed time, between 3 – 5 

pm, to eliminate discrepancies of 

diurnal variation and by the same 

person to avoid error in 

methodology. 

The instruments used in the study 

were 

1. Anthropometer rod 

2. Spreading caliper 

3. Measuring tape  

All the measurements were taken using calibrated 

anthropometric instruments in centimetre to the 

nearest millimetre. 

Measurement of stature
  

Stature is measure of vertical distance from vertex to 

floor. 

VERTEX: It is the highest point on the head in the 

mid-sagittal plane, when the head is held erect or in 

Frankfurt Horizontal plane. Height was measured 

from vertex to floor by Anthropometer rod with 

subject standing erect on an even floor, barefoot with 

heels together and weight evenly distributed between 

both feet and head in the Frankfurt plane. The 

distance was measured from the highest point on the 

subjects head to the ground with the help of 

Anthropometer rod. Frankfurt plane: The plane 

passing through the lowest points on the infraorbital 

margins and the tragion (the notch immediately 

above the tragus of the ear), which is obtained when 

the subject is looking straight ahead of him.4 

MEASUREMENT OF CEPHALIC 

DIMENSIONS
 

All the cephalic dimensions were measured by using 

technique described by Krishan K & Kumar R5 in 

2007 and Asha KR & Lakshmi Prabha R6 in 2011.  

MAXIMUM HEAD LENGTH (MHL)
 

It measures the straight distance between glabella and 

the opisthocranion.  

GLABELLA: The most prominent point on the 

frontal bone above the root of the nose, between the 

eyebrows. OPISTHOCRANION: The most 

projecting point on the dorsal surface of the head in 

the mid-sagittal plane. This point is determined 

where the head length shows maximum reading.   

Measurements were taken using blunt ended 

spreading caliper by placing the anterior tip of caliper 

on glabella while allowing the posterior caliper tip to 
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slide inferiorly along the median plane of the 

occipital bone until the maximum length was 

reached. Undue pressure was avoided while taking 

the measurements. 

HORIZONTAL CIRCUMFERENCE OF HEAD 

(HC) 

It is the maximum circumference of the head (usually 

horizontal just above the eyebrow ridges), measured 

from glabella to glabella with the measuring tape 

passing over opisthocranion. 

It was measured with the help of measuring tape.  

MAXIMUM HEAD BREADTH (MHB) 

It is the maximum biparietal diameter and is the 

distance between the most lateral points on the 

parietal bones (euryon) on each side of the head. It 

was measured with the help of Spreading caliper with 

blunt ends. Spreading caliper was held in such a way 

that the joint of the caliper was in the mid-sagittal 

plane of the head.  

The measurements mentioned above were tabulated 

and statistically analyzed.  The mean and standard 

deviation were obtained. Pearson’s correlation 

coefficient and linear regression equations were 

derived for males and females separately and for total 

subjects of the study group by using SPSS Ver 15 

and Sigma Plot Ver 10 software.   

 

Observations and results 

Table No 1: Descriptive statistics in total subjects: (n = 300)   

(Std. Dev= Standard deviation) 

 

 

 

 

Variables (cm) Mean Std. Dev Minimum Maximum 

Height  163.23 8.00 147.00 182.00 

MHL 17.26 0.89 15.00 19.00 

HC 54.09 1.39 51.00 57.50 

MHB 13.50 0.64 12.00 15.60 
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Table No 2: Descriptive statistics in Male study group: (n = 150) 

(Std. Dev= Standard deviation) 

Table No 3: Descriptive statistics in Female study group: (n = 150) 

(Std. Dev= Standard deviation) 

 

 

 

 

 

Variables (cm) Mean Std. Dev Minimum Maximum 

Height  169.10 6.15 153.00 182.00 

MHL 17.60 0.79 15.60 19.00 

HC 54.47 1.39 51.00 57.50 

MHB 13.72 0.62 12.00 15.60 

Variables 

(cm) Mean Std. Dev Minimum Maximum 

Height  157.36 4.63 147.00 171.00 

MHL 16.93 0.85 15.00 18.80 

HC 53.70 1.29 51.00 56.40 

MHB 13.29 0.59 12.00 14.50 
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Table No. 4: Comparison of study parameters between males and females.       

Variables 

(cm) 

Male Female Mann-Whitney U 

Mean SD Median IQR Mean SD Median IQR Z value P value 

Height 169.1 6.15 169.00 9.15 157.36 4.63 157.40 6.07 12.957 0.000 

MHL 17.60 0.79 17.80 1.20 16.93 0.85 17.00 1.20 6.376 0.000 

HC 54.47 1.39 54.50 2.10 53.70 1.29 53.70 1.50 4.643 0.000 

MHB 13.72 0.62 13.80 0.73 13.29 0.59 13.20 0.80 5.622 0.000 

Note: Normality Test (Shapiro-Wilk) failed (P<0.05), thus Mann-Whitney Rank Sum Test applied.                                                   

(SD = Standard deviation, IQR=Inter quartile range) 

Table no. 5:  Correlation coefficients of Cephalic dimensions with Height:      

Correlation is significant at the 0.01 level (2-tailed). 

P value for all the parameters, p < 0.001   

  

 

Parameters 

Correlation Coefficients ( r ) 

  

  Total Male Female 

MHL 0.718 0.745 0.677 

HC 0.674 0.773 0.654 

MHB 0.598 0.536 0.578 
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Graph No. 1: Correlation of MHL with Height 
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Graph No. 2: Correlation of MHL with Height in Male and Female Subjects.                      
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Graph No.5: Correlation of MHB with Height in total Subjects. (n = 300) 

Table no. 6: Regression equations for height with Cephalic dimensions: 
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Parameters                                       Regression Equations 

 

Total Male Female 

MHL 
y = 6.475x + 51.44 y = 5.773x + 67.51  y = 3.6685x +95.254 

HC 

y = 3.8774x - 46.483  y = 3.4219x - 17.3  y = 2.3556x + 30.868  

MHB 

y = 7.4638x + 62.448  y = 5.3191x+96.135  y = 4.5357x + 97.09  
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Table no. 1, 2 & 3 show minimum & maximum 

values, mean and standard deviation of all the 

parameters in males, females and total subjects.   

From Table No. 4, It is observed that, the mean 

height (cm) of male subjects is significantly higher 

(169.10 ± 6.15) as compared to female subjects 

(157.36 ± 4.63).  

The mean and median values of MHL, HC, MHB 

are higher for males than those for females, and the 

difference is found to be statistically significant 

(p<0.05).  

Table No. 5 shows that all the anthropometric 

measurements of head have significant correlation 

with stature (p < 0.001). These correlations are 

positive and statistically significant (p < 0.001) i.e. 

if any of the above parameter increases or decreases 

the height of the subject also increases or decreases. 

Graphs show positive correlation of Cephalic 

dimensions with Height in males, females and 

when both the genders considered together.  

Linear Regression Equation: 

A regression analysis is a statistical analysis 

assessing the association between two variables. 

Correlation gives the degree and direction of 

relationship between the two variables, whereas the 

regression analyses enable us to predict the values 

of one variable on the basis of other variable.  

Regression formula: calculated on SPSS Ver 15 and 

Sigma Plot Ver 10. 

                      Y = a + bX 

 Where        Y = Height (dependent variable) 

                    X = independent variable. 

                      a = intercept (constant) 

                      b = regression coefficient 

Regression coefficient (b) is the measure of the 

change in one dependent variable (Y) with one unit 

change in independent variable (X).The regression 

analysis was carried out to find the strength of 

relationship of Cephalic dimensions with 

height.The regression formulae are sex specific, so 

varies between males and females of the same 

population group. 

Although variety of methodologies have been 

proposed to predict stature from various bones, 

regression analysis proved to be the easiest and the 

most reliable method (Jantz & Jantz).7  

The results of the present study show that the 

cephalic dimensions can successfully be used for 

estimating the stature. But the formulae derived in 

this study are applicable to the population from 

which the data have been collected due to inherent 

population variations in these dimensions, which 

may be attributed to genetic and environmental 

factors like climate, nutrition etc.  

Discussion 

Anthropometry is often viewed as a traditional and 

perhaps the basic tool of biological anthropology, 

but it has a long tradition of use in forensic sciences 

and it is finding increased use in medical sciences 

especially in the discipline of forensic medicine. 

The significance and importance of somatometry, 

cephalometry, craniometry and osteometry in the 

identification of human remains have been 

described and a new term of forensic 

anthropometry is coined. The ultimate use of 

anthropometry in medical science is to help the 

forensic experts in achieving ‘personal identity’ in 

case of unknown human remains8. 

Stature is one of the various parameters of 

identification for establishing individuality of the 

person. It is well known that there is a definite 

relationship between the height of the person and 

various parts of the body like the head, the trunk 

and lengths of the upper and lower limbs. 
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To assess the height of an individual, from 

measurements of different parts of the body, has 

always been of immense interest to Anatomists, 

Anthropologists and Forensic experts. The 

estimation of height from various parameters has 

been done by many workers. They have derived 

their own formulae for calculating stature from 

dimensions of head and face. Universally 

applicable formulae have not been derived because 

the relationship between height and different body 

measurements differ according to race, age and sex. 

It is proved that each race, and age group require its 

own table.  

There are studies, in which attempt has been made 

to establish the correlation between stature and 

various Cephalo-facial dimensions. This study 

describes the findings of previous studies and 

compares those studies with the present one. The 

formulae derived in the present study are applicable 

to that population from which the data has been 

taken. 

All the three dimensions of head measured in the 

present study are important as far as anthrop-

ological, evolutionary, nutritional and human 

biological studies are concerned.  

From table no. 1, it is observed that, findings of the 

present study are comparable with previous studies. 

The difference between mean height of male and 

female subjects i.e. gender difference in our study 

is statistically significant (p< 0.05) which complies 

with the study of Asha KR & Lakshmi Prabha R 6 

(2011) and Wankhede KP et al9 (2012).   

In 2011 Asha KR & Lakshmi Prabha R6 conducted 

a study on South and North Indian females and 

males and showed that sex differences were 

significant for all the measurements, but there was 

no statistically significant difference in South and 

North Indian population when compared for the 

same sex, suggesting that in persons of different 

population groups (belonging to the same race) 

geographical variations do not have much influence 

on body proportions. 

From Table No. 2, it is observed that, in the present 

study, gender difference in mean MHL is 

statistically significant (P< 0.05). It complies with 

the findings of Asha KR & Lakshmi Prabha R.6 

Out of all three cephalic dimensions, MHL in our 

study showed the strongest correlation with height 

in females and when males & females were 

considered together.  

The findings of the present study do not comply 

with those of Chiba M & Terazawa K,10 Akhter Z et 

al11 and Pelin C et al12, indicating differences in 

various ethnic origins. Chiba M & Terazawa K10 in 

1998, studied stature estimation with three skull 

variables (Skull diameter, skull circumference, sum 

of diameter and circumference) in 124 Japanese 

cadavers (77 males & 47 females). Skull diameter 

was measured as a distance between glabella and 

external protuberance and showed positive 

correlation with stature in males with correlation 

coefficient of 0.39 but no correlation in females 

(correlation coefficient = 0.003).  

In 2009 Akhter Z et al11 conducted a study on 

Bangladeshi Garo females in the age group of 25 to 

45 years. The correlation of head length (glabella- 

inion) with stature was not significant with p value 

of 0.774. Pelin C et al12 in 2010 conducted study to 

estimate stature from craniofacial dimensions in the 

Turkish population. MHL was measured as a 

distance between glabella to opisthocranion. MHL 

showed the highest correlation with body height 

(r=0.229) with p < 0.001. In their study, the 
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correlation coefficients were low, changing only 

between 0.012 and 0.229.  

Table No. 3 shows that, the mean of Head 

circumference in the present study had higher 

values in both males and females as compared to 

the previous studies of Krishan K13 (2008) and 

Akhter Z et al11 (2009). The difference in the mean 

HC in our study in males and females was 

statistically significant (p<0.05). In the present 

study, in case of males, out of all three cephalic 

dimensions, HC (r=0.773) showed the strongest 

correlation with height with p<0.001. Krishan K 

and Kumar R5 in 2007 also obtained the same result 

with the correlation coefficient of 0.773.  

Table No.4 shows statistically significant (P< 0.05) 

gender difference in mean MHB.  The mean MHB 

in males in our study was more or less same with 

that of Krishan K13 (2008). MHB in our study 

showed lowest correlation with stature out of all 

three cephalic dimensions in case of males 

(r=0.536) and when males & females were 

considered together (r=0.598). Regression formulae 

are population specific and sex specific due to 

genetic differences, isolation differences, 

differences in bio-cultural history and other factors. 

The researchers determined that the stature 

estimation formulae should be recalculated within 

appropriate time intervals, even for same racial 

populations.14The population, gender and age 

specific regression formulae derived in the study 

will be of immense practical use in medico-legal, 

anthropological and archaeological studies where 

the total height of a subject can be calculated if the 

cephalic dimensions are known.  

 

Discussion 

Table 7: Comparison of Height among different studies: 

Study done by  Year Age group 

&Sample size 

Gender Mean Height 

(cm) 

SD Range 

Krishan K & 

Kumar R
5
 

2007 12-18 (252) M 152.65 7.10 131.6-168.7 

Krishan K
13

 2008 18-30 (996) M 172.31 6.83 151.2-186.4 

Akhter Z et al
11

 2009 25-45 (100) F 152.79 5.62 136.0-168.5 

Pelin et al
12

 2010 18-45 (286) M 175.31 6.17 158.0-191.1 
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(SD= Standard deviation, M=Males, F=Females, SIF= South Indian females, NIF= North Indian females, 

SIM=South Indian males, NIM=North Indian males.)  

Table 8: Comparison of MHL among different studies: 

 

Asha KR & 

Lakshmi Prabha 

R
6
 

 

 

2011 

 

 

 

20-30 (260) 

 

 

 

SIF 156.82 5.17  

NIF 156.39 5.18  

SIM 169.62 6.89  

NIM 168.86 5.28  

Wankhede KP et 

al
9
 

2012 18-24 (470) M 170.97 6.80 151-189.60 

F 156.89 5.89 142-172.70 

Present Study 2012 18-25 

(300) 

Total 163.23 8.00 147.0-182.0 

M 169.10 6.15 153.0-182.0  

F 157.36 4.63 147.0-171.0  

Study done 

by 

Gender Mean 

MHL 

(cm) 

SD Range Correlation 

Coefficient 

Regression equation 

Krishan K & 

Kumar R
5 

2007 

M 16.28 0.924 14.01-18 0.732  S=60.961 + 5.628 X 

Krishan K
13  

2008  

M 17.83 0.892 14.5-18.5 0.775  S=88.671 + 4.647 X 

Asha KR & 

Lakshmi 

SIF 17.50 0.62  0.169 S=132.01+1.42 X 

NIF 17.51 0.67 0.202 S=129.85+1.50 X 
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 (Where SD= Standard deviation, S= Stature, X= MHL.) 

Table 9: Comparison of HC among different studies:  

(Where SD= Standard deviation, S=Stature, X=Head circumference) 

 

 

Prabha R
6 

2011
 

SIM 18.17 0.77 0.412 S=102.10+3.69 X 

NIM 18.26 0.6 0.151 S=145.49+1.30 X 

Present 

study 

2012 

Total 17.26 0.89 15.0-19.0 0.718 S=6.475X + 51.44 

M 17.60 0.79 15.6-19.0 0.745 S= 5.773X + 67.51 

F 16.93 0.85 15.0-18.8 0.677 S=3.6685X + 95.254  

Study done 

by 

Gender Mean HC 

(cm) 

SD Range Correlation 

Coefficient 

Regression equation 

Krishan K & 

Kumar R
5
 

2007 

M 52.705 2.573 49.2-58.4 0.773 S=40.077+2.135X 

Krishan K
13 

 

2008 

M 53.214 2.573 49.2-58.9 0.781  S=65.156+2.034X 

Akhter Z et 

al
11

 2009 

F 51.56 1.44 49.0-55.0   

Present 

study 2012 

Total 54.09 1.39 51.0-57.5 0.674 S= 3.8774X - 46.483 

M 54.47 1.39 51.0-57.5 0.773 S= 3.4219X - 17.3 

F 53.70 1.29 51.0-56.4 0.654  S= 2.3556X + 30.868  
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Table 10: Comparison of MHB among different studies: 

(Where SD= Standard deviation, S=Stature, X=MHB) 

Conclusions 

1. The mean height of male subjects is higher than that of female subjects in the study group and gender difference is 

statistically significant (P< 0.05). 

2. The mean of all three cephalic measurements is higher in male than in female subjects in the study group and the 

gender differences in mean of all dimensions is statistically significant (P< 0.05).  

3. Out of all three cephalic dimensions studied, Maximum Head Length shows the strongest correlation with height, in 

females as well as when both genders considered together. 

4. In males, Head circumference shows the strongest correlation with height. 

5. Maximum Head Breadth shows lowest correlation with stature out of three different dimensions of head. 

6. Stature can be estimated by using linear regression equation derived in our study.  

Study done 

by 

Gender Mean 

MHB 

(cm) 

SD Range Correlation 

coefficient   

Regression equation 

Krishan K & 

Kumar R
5
 

2007 

M 13.019 0.681 11.3-15.3 0.625  S=65.620 + 6.527 X 

Krishan K.
13

 

2008  

M 13.917 0.622 11.6-15.7 0.682  S=98.056 +5.320 X  

Ilayperuma I.
7 

2010 

M 14.015 1.066  0.312 S=111.61+3.84 X 

F 13.615 1.102  0.454  S=111.76 +3.33 X 

S= 764.98 + 6.04 X 

(Combined) 

Asha KR & 

Lakshmi 

Prabha R
 6
 

2011 

SIF 14.63 0.59  0.303 S=117.69+2.67 X 

NIF 14.52 0.48 0.293 S =115.19+2.78 X 

SIM 14.73 0.52 0.219 S =130.63+2.56 X 

NIM 15.11 0.86 0.165  S =175.31-0.39 X 

Present study 

2012  

Total 13.50 0.64 12.0-15.6 0.598 S = 7.4638X + 62.448 

M 13.72 0.62 12.0-15.6 0.536 S= 5.3191X + 96.135 

F 13.29 0.59 12.0-14.5  0.578  S= 4.5357X + 97.09  
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7. The regression formulae derived in the present study will be of potential use in medico-legal, anthropological and 

archaeological studies.  

8. The only precaution which must be taken into consideration is that these formulae are applicable to the population 

from which the data have been collected due to inherent population variations in these dimensions, which may be 

attributed to genetic and environmental factors like climate and nutrition.  
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