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Introduction: Stature is the natural height and built of a body or person. Stature has been one of the most
important factor in the description of the human body characteristics. Various types of parameters are used
while estimating stature of human body. Prediction of stature with the help of length of ulna appears to be
significant to forensic Science experts, anthropologists, archeologists and demographers.

Aim:  The aim of the study was to establish a relationship between the stature of an individual and the length of
ulna.

Materials and Methods: This study was conducted on 240 medical, paramedical students and staff in age group
of 20-50 of UP University of Medical Sciences, Saifai, Etawah, UP, India. Length of ulna of subjects was measured
by Vernier caliper in similar anatomical position and at fixed time to avoid diurnal variation. Correlation and
Regression analysis were carried out to establish relationship of length of ulna with the height.

Results:  Statistical significant positive correlations between length of right ulna and the height for male (r=0.6784;
p-value<0.00001) and for female (r=0.6617; p-value<0.00001), and between length of left ulna and the height for
male (r=0.6828; p-value<0.00001) and for female (r=0.6275; p-value<0.00001) were observed respectively.
Regression equations for stature were also derived.

Conclusion: The finding of study suggest that length of both right and left ulna can be successfully used for stature
reconstruction.
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Reconstruction of stature from various bones of
the human skeleton has been achieved by many
scientists with varying degree of accuracy [3].
The use of anthropometry in the field of foren-
sic science & medicine dates back to 1882, when
a French police (Alphonse Bertillon) expert in-
vented a system of criminal identification based

Stature is an identifying characteristics which
provides useful information to solve the crime
[1]. The stature prediction occupies relatively a
central position in the identification, necessi-
tated by the medico-legal experts or medical
jurisprudence and  anthropological research [2].



Int J Anat Res 2019, 7(1.2):6192-97.    ISSN 2321-4287 6193

on anthropometric measurements. His system
was based on three fundamental ideas- the fixed
condition of the bone system from the age of
twenty till death, the extreme diversity of dimen-
sions present in the skeleton of one individual
compared to those in other, the ease & relative
precision with which certain dimension of the
bone structure of a living person can measured
using simply constructed callipers [4].
At the age of peak growth velocity, the upper
limbs are more developed than the lower limbs,
and the distal segments, such as the tibia, fibula
and forearm, precede the proximal segments [5].
Thus, along with genetics, nutritional and/or
disease stresses at a particular developmental
and growth stage would affect the various
biological systems differently, resulting in limb
proportion variation among populations.
All methods of stature estimation are based upon
the fundamental assumption that the longer the
bone, the taller the individual [6,7]. There are
two classes of stature estimation methods:
anatomical and mathematical[6]; each has
advantages and disadvantages. Anatomical
methods measure the entire length of the body
and incorporate adjustments for factors present
or absent after death.[8,9] Mathematical meth-
ods, including linear regression [8,7], use the
relationship between the size of a bone or
combination of bones and the height of the
individual, over large samples, to create a
formula to estimate stature on unidentified
remains.
Ulna bone as it is subcutaneous and hence
surface landmarks such as olecranon and
styloid process are easily identifiable and can
be used for measurements [10]. A large number
of studies have been done on stature estima-
tion using the length of bones such as femur,
tibia, humerus, radius, height from finger length
etc. The purpose of this study is to estimate that
which parameter is better for stature estima-
tion, from length of right ulna or length of left
ulna.
MATERIALS AND METHODS

committee of the college prior to the study. This
study was a Cross-Sectional study. The study was
conducted on 240 medical, paramedical stu-
dents and staff of age group of 20 to 50 years of
age  in UPUMS, Saifai, Etawah, UP, India. Any
subject having any significant diseases, ortho-
pedic disability and paralysis was excluded from
the study. Subjects not giving consent to par-
ticipate in the study were also excluded from
the study.
The researcher obtained the permission from the
UPUMS, Saifai. The length of ulna was measured
by Vernier Caliper, and height of individual was
measured by Stadiometer. Vernier calipers
capable of measuring of the nearest 0.02mm
and Stadiometer capable of  measuring nearest
0.1 cm.  All data was entered into SPSS Software
V.23.0. Data was analyzed and correlation coef-
ficient was also calculated.

This study was conducted in the Department of
Anatomy, Uttar Pradesh University of Medical
Sciences, Saifai, Etawah, Uttar Pradesh, India.
Ethical clearance was obtained from the ethical

Fig.1: Vernier Caliper.

Fig.2: Stadiometer.

Length of ulna was measured as distance
between the tip of the olecranon process and
styloid process of ulna while the elbow in state
of semi flexion of both sides right and left.
Stature was measured as vertical distance from
vertex to the floor by making the subject stand
erect on a horizontal resisting plane bare footed
with shoulder blocks and buttocks touching the
wall. Palms of hand had to be turned inwards
and fingers horizontally pointing downwards.
Anthropometer was placed in straight vertical
position in front of the subject with head
oriented in eye-ear-eye Plane (Frankfurt- Plane).
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The movable rod of the Anthropometer was
brought in contact with vertex in the mid-saggital
plane.

Fig.3: Measurement of Length of Ulna.

Fig.4: Measurement of
Height (Stature).

The results from the study show that the mean
and standard deviation of height in male
subjects was 168±6.18cm, and in female
subjects was 156.35±5.99cm, while the mean
and standard deviation of length of right ulna in
male was 27.95±1.43cm, and in female was
25.33±1.42cm., and the mean and standard
deviation of length of left ulna in male was
27.68±1.48cm.and in female was 25.19±1.45cm.
Statistical significant positive correlations
between length of right ulna and the height for
male (r=0.6784; p-value<0.00001) and for
female (r=0.6617; p-value<0.00001), and
between length of left ulna and the height for
male (r=0.6828; p-value<0.00001) and for
female (r=0.6275; p-value<0.00001) were
observed by using Pearson’s correlation coeffi-
cient respectively. A linear relation was observed

OBSERVATIONS AND RESULTS

between height and length of right ulna in both
male and female, and a linear relation was also
observed between height and length of left ulna
in both male and female.
Table 1: Gender wise measurements and analysis of
stature.

Stature
Minimum 

(cm.)
Maximum 

(cm.)
Mean 
(cm.)

SD (cm.)

Male 
(n=155)

149.2 188.8 168.92 6.18

Female 
(n=85)

134.9 173.8 156.35 5.99

Ulna Length
Minimum 

(cm.)
Maximum 

(cm.)
Mean (cm.) SD (cm.) r p-value

  Right side 
(Male)

24.08 32.97 27.95 1.43 0.6784 <0.00001

  Right side 
(Female)

21.172 31.102 25.33 1.42 0.6617 <0.00001

  Left side 
(Male)

23.73 33.148 27.68 1.48 0.6828 <0.00001

  Left side  
(Female)

21.9 30.612 25.19 1.45 0.6275 <0.00001

Table 2: Gender wise measurements and analysis of
length of ulna.

(SD=Standard deviation)

(r=Pearson’s correlation coefficient, p-value=Probability)
Fig. 5: Height in erect position and length of right ulna in
male

Fig. 6: Height in erect position and length of right ulna in
female.

Fig.7: Height in erect position and length of left ulna in
male.
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Fig. 8: Height in erect position and length of left ulna in
female.

Regression analysis enables us to predict the
values of one variable on the basis of other vari-
able. Regression equation for present study was
calculated on SPSS Software V.23.0. A simple lin-
ear regression formula: H=a+bP was derived,
where H=Height (cm.) is one variable,
a=Constant (cm.), b= Regression coefficient,
P=Length of Ulna (cm.) is another variable. Re-
gression equations for stature were derived as
follows:
H=87.22+2.92P for length of right ulna of male
H=85.84+2.78P for length of right ulna of female
H=89.98+2.85P for length of left ulna of male
H=91.04+2.59P for length of left ulna of female
Calculation of Height-
(1) From length of right ulna in male:
     P=29.52
     H=87.22+2.92x29.52
     Calculated Height=173.50 cm.
     Measured Height=173.5 cm.
(2) From length of right ulna in female:
      P=26.07
      H=85.84+2.78x26.07
      Calculated Height =158.42 cm.
      Measured Height=158.4 cm.
(3) From length of left ulna in male:
      P=27.8
      H=89.98+2.85x27.8
      Calculated Height=169.27 cm.
      Measured Height=169.3 cm.
(4) From length of left ulna in female:
      P=23.572
      H=91.04+2.59x23.572
      Calculated Height=152.16 cm.
      Measured Height=152 cm.

DISCUSSION

The estimated statures, calculated with the help
of regression equations of length of both right
and left ulna for male and female are found
approximate to their measured values.

Estimation of stature from bones especially
longer ones, is preferred because of higher
correlation, and thus to identify an unknown
individual.  The present study provides valuable
new data pertaining to the length of ulna and
its correlation with the stature in adult Indian
population. A general linear regression model
was found to be most promising and validating
in both male and female.
Correlation between length of right and left ulna
with height in male with correlation coefficient
(r) of 0.6784 and 0.6828 respectively interpret-
ing that length of right and left ulna may be good
tool for estimation of height in male. Pearson’s
correlation was used to predict the significant
relationship between the height and length of
ulna of the subjects. This indicates an equally
high significant (P<0.00001) relation between
length of right ulna and the height, and also that
between length of left ulna and the height
(P<0.00001) in case of male .
Correlation between right ulna length and left
ulna length with height in female with correla-
tion coefficient (r) of 0.6617 and 0.6275 respec-
tively interpreting that length of right and left
ulna may be good tool for estimation of height
in female. Here also an equally high significant
(P<0.00001) relation exists between length of
right ulna and the height, and also that between
length of left ulna and the height (P<0.00001)
in case of female.
Correlation coefficient (r) of length of ulna with
height interprets that length of left ulna can give
more accurate measurement than length of right
ulna, in case of male, and length of right ulna
can give more accurate measurement than
length of left ulna, in case of female.
In the study of Anupriya (2016)[11], the correla-
tion coefficient (r) was 0.754 for length of right
ulna and 0.745 for length of left ulna in males;
0.691 for length of right ulna and 0.701 for length
of left ulna in females. That value of r showed a
positive correlation and indicated a very high
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significant (P < 0.001) relation between the
length of the ulna and the height.
This was also similar to Mondal et al (2012)[12]
who observed that correlation coefficient (r) was
0.786 for length of right ulna and 0.687 for length
of left ulna in males; 0.67 for length of right ulna
and 0.82 for length of left ulna in females. This
study showed that length of ulna bone could
give a correct estimation of height because of a
very high significant relation between the length
of ulna and height.
According to Lal and Lala [13] regression coef-
ficient (b) is a better guide for calculation of
height of an individual when the identity of the
individual is not known.

Table 3: Comparison of regression coefficient of our study with other studies in different populations.

Right Left Right Left

Present study
different parts 

of India
2.92 2.85 2.78 2.59

Anupriya A et al [11] Tamil Nadu 3.631 3.551 3.745 3.839

Illayaperumal et al. [14] Sri Lanka 2.645 2.645 3.536 3.536

Allbrook [15] British 3.06 3.06 3.06 3.06

Study Region
Ulna of Male Ulna of Female

CONCLUSION

One hundred fifty five adult male and eighty five
female subjects have been studied for their stat-
ure, length of right ulna and length of left ulna.
Statistically high significant correlation is
present among the stature and these measure-
ments. This study shows that there is a defini-
tive and good correlation between the height
and length of both right and left ulna in both
sexes. The regression equations have been de-
rived from these measurements. The regression
equation for reconstruction of stature from
length of both right and left ulna in both sexes
is H=a+bP   where, H=Height, a=Constant,
b=Regression Coefficient and P=Length of Ulna.
India is a country of different races so there is a
lot of variation in the estimates. Hence there is
a need to conduct more studies among people
of different regions & ethnicity, so that stature
estimation becomes more reliable & identity of
an individual is easily established. As this study
is done in living individuals so the results may
not be applicable to the deceased individuals.
In this study only healthy individuals are included

so the results may not be applicable to persons
having deformity or any congenital abnormal-
ity.
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