DOI: 10.17354/ijss/2016/227

Original Article

Estimating the Height of an Individual from the
Length of Ulna in Tamil Nadu Population and its
Clinical Significance

A Anupriya', R Kalpana?

'Assistant Professor, Department of Anatomy, Sri Muthukumaran Medical College & Research Institute, Chennai, Tamil Nadu, India,
2Professor, Department of Anatomy, Sri Muthukumaran Medical College & Research Institute, Chennai, Tamil Nadu, India

Abstract

Introduction: The height of an individual is a very important parameter for establishing the identification. The height can be
indirectly estimated from different parts of the skeleton. Such estimations are of great use in anthropometry, forensic science,
and anatomy. Ulna bone has been chosen because it is subcutaneous and can be used for measurements.

Objective: The objective of this study is to estimate the height of an individual from the length of ulna using a derived equation
and to compare the results with other studies done in different populations.

Materials and Methods: The study was done on 300 subjects who were patients and the attenders visiting the out patient
Department of Sri Muthukumaran Medical College Hospital and Research Institute, Chennai, Tamil Nadu, India. The age of
the subjects ranged from 20 to 50 years and was healthy without any skeletal deformity. The Institutional Ethics Committee
clearance was obtained. After getting written consent from the subject, the height of the individual was measured from vertex
to heel, and the length of both right and left ulna bones was measured from olecranon process to styloid process. The data
were tabulated and analyzed statistically.

Results: In this study, the mean height of male was 164.4 cm and female was 153.7 cm. The mean length of the right ulna
was 27.7 cm (males) and 25.6 cm (females). The mean length of the left ulna was 27.6 cm (males) and 25.4 cm (females).
Pearson’s correlation interpreted a very high significant (P < 0.001) relation between the length of the ulna and the height.
The regression equation was derived to estimate the height of an individual from the length of the ulna in males and females.

Conclusion: The ulna bone length is a reliable and accurate parameter which is used in estimating the height of an individual.
The regression equation, which was derived in this study, can be of great help to anatomists, clinicians, anthropologists, and
forensic scientists.
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INTRODUCTION

The height of an individual is one of the important
parameters for establishing the identification. In bedridden,
old or individuals with skeletal deformity the height can be
indirectly estimated from different parts of skeleton.! Such
estimations are of great use in anthropometry, forensic
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science, and anatomy."” Previous studies in this regard
have been done on cadavers. The measurements taken on a
cadaver may not be accurate because of the positioning of
cadaver, age factor or due to debilitating diseases.” Hence,
measurement on live subjects gives an accurate data for
deriving the regression equation to correlate the height of
an individual with length of the ulna.

This study used 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.*
Ossification of ulna starts at the 8" week of fetal life and
the proximal epiphysis fuses with the shaft at the 14" year
in females and 15" year in males. The distal epiphysis fuses
at the 17" year in females and 18" year in males. After
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50 years, there will be some degenerative changes in joints
and cartilages and also spinal cord shrinkage affecting the
height of an individual.* Hence, the age group considered
for the study ranged from 20 and 50 years.

Factors, such as race, gender, and nutrition, determine the
height of an individual. Hence, a population and gender
specific formula are necessary for estimating the height
of an individual. The objective of this study is to estimate
the height of an individual from the length of ulna using
a derived equation for Tamil Nadu population and to
compare the results of our study with other studies done
in different populations.

MATERIALS AND METHODS

This study was done on 300 subjects (119 males and
181 females) who were the patients and the attenders
visiting the Outpatient Department of General Medicine of
Sri Muthukumaran Medical College Hospital and Research
Institute, Chennai, Tamil Nadu, India. The Institutional
Ethics Committee clearance was obtained. Subject
information sheet was given to the patients and written
informed consent was obtained from them. Following
are the inclusion criteria for the study: (1) The age of the
subjects ranged from 20 to 50 years and (2) The subjects
were healthy without any skeletal deformity. The exclusion
criteria for the study were: (1) Bedridden patients and
(2) Patients who did not know their age.

The subjects were made to stand erect in anatomical
position. The height of the individual subject was measured
from vertex to heel in centimeters using a standard height
measuring scale. The subjects were asked to fully flex the
elbow with palms spread over opposite shoulder. The length
of both right and left ulna bone was measured in centimeters
from tip of olecranon process to tip of styloid process using
a measuring tape. The data thus obtained were tabulated
separately for male and female and were analyzed statistically.

Statistical Analysis

IBM SPSS Statistics Version 20 was used. Mean, standard
deviation, and range were calculated for height of the
subjects and length of the ulna bone (on both sides

separately). The above statistics were interpreted by
Student’s ~test.

Pearson’s correlation was used for comparing the
relationship between the height of the individual and length
of the ulna bone of the study subjects. Simple regression
equation was derived for both sides in male and female
separately. P values (P < 0.05) were treated as statistically
significant.

RESULTS

The study subjects were analyzed according to their height
and length of ulna as follows Table 1.

In Table 1, the comparison between the height of the
individual and length of ulna of male and female has
been done. The mean height of male was 164.4 = 6.4 cm
(range: 147.4-179 cm) and female was 153.7 £ 7.0 cm
(range: 138.7-173 cm). The difference between the mean
heights of male and female was statistically very highly
significant (P < 0.001). The mean length of right ulna
bone in male was 27.7 * 1.3 cm (range: 24.4-31 cm) and
in female was 25.6 = 1.3 cm (range: 23-29.5 c¢cm). The
difference between the mean length of the right ulna of
male and female was statistically very highly significant
(P < 0.001). The mean length of left ulna bone in male
was 27.6 £ 1.4 cm (range: 24-31 cm) and in female was
254 + 1.3 cm (range: 22.9-29.4 cm). The difference
between the mean length of left ulna of male and female
was statistically very highly significant (P < 0.001).

The mean length of the right ulna was 27.7 + 1.3 cm and
left ulna was 27.6 £ 1.3 cm in males. In females, the mean
length of the right ulna was 25.6 = 1.3 cm, and left ulna
was 25.4 * 1.3 cm. The difference between the mean length
of right and left ulna was not statistically significant in
both male and female as per Student’s ~test interpretation
(P> 0.05) as shown in Table 2.

Pearson’s correlation was used to interpret the relationship
between the length of ulna and height of the individual. In this
study, the coefficient correlation (7) was 0.754 (right ulna) and
0.745 (left ulna) in males; 0.691 (right ulna) and 0.701 (left ulna)

Table 1: Comparison of height of the individual and ulna bone length between the male and female

Variable MeantSD Difference t d.f Significance
Male Female tl;etween
n=119 n=181 € mean
Height (cm) 164.416.4 153.74£7.0 10.7 13.293 298 P<0.001
Right ulna (cm) 27.7¢1.3 25.6+1.3 2.1 13.525 298 P<0.001
Left ulna (cm) 27.6x1.4 25.4%+1.3 2.2 14.243 298 P<0.001

SD: Standard deviation
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in females. This value of 7shows a positive correlation. This
indicates a very high significant (P < 0.001) relation between
the length of the ulna and the height. The % of determination
which was derived from correlation coefficient (7) showed that
the male right ulna determined the height of the individual by
56.85% () and left ulna determined the height by 55.5% (7).
Similarly, the female right ulna determined the height of the
individual by 47.7% (/) and left ulna determined the height
by 49.1% (’) as shown in Table 3.

The above respective regression equation may be used for
estimation of the individual height. The estimated height
of male using either right or left side length of ulna may
be equal. Similarly, in female estimated height may be equal
using either right or left side length of the ulna.

DISCUSSION

This study was done to observe the relationship of length
of ulna bone with the height of the individual. With the
acquired data, a regression equation was derived to estimate
the height of an individual from the length of the ulna.

Height depends on age, gender, and race hence varies in
various populations. This study is a population-specific
study, which was done in Tamil Nadu population. The mean
height of males were higher than females (males: 164.3 cm,
female: 153.7 cm) in this study, which was also observed
in other studies done in Eastern India population’
(males: 167.5 cm, females: 152.5 cm), Gujarat population®
(males: 169.8 cm, females: 155.2 cm), Maharashtra
population' (males: 171.9 cm, female: 165.4 cm), West Bengal
population® (males: 164.3 c¢m, females: 153.8 cm), and
Sti Lanka population’ (males: 170.1 cm, females: 157.6 cm).

The age group for this study was 20-50 years. Ossification
of ulna begins at the 8" week of fetal life. The proximal

epiphysis fuses with shaft at 16™ year and distal epiphysis
fuses at the 18" year in females and 20" year in males. After
50 years, some degenerative changes in joints and cartilage
will affect the height.*

Ulna bone was used in this study because it is
subcutaneous and the surface landmarks were easily
measurable. The estimation of height from the length of
the ulna was more accurate and reliable when compared
to other studies done using foot,® tibia,” skull,' and
radius'' length. Ulna bone length can be advantageous,
especially when there is a lower trunk and lower extremity
deformity.'?

Pearson’s correlation was used to predict the significant
relationship between the height and length of ulna of
the subjects. In this study, the coefficient correlation ()
was 0.754 (right ulna) and 0.745 (left ulna) in males; 0.691
(right ulna) and 0.701 (left ulna) in females. This value of
r shows a positive correlation. This indicates a very high
significant (P < 0.001) relation between the length of the
ulna and the height.

This was also similar to Mondal ¢ a/,>® who also observed
that coefficient correlation (r) was 0.786 (right ulna)
and 0.687 (left ulna) in males; 0.67 (right ulna) and
0.82 (left ulna) in females. Prasad e/ a/' calculated the
coefficient correlation (/) as 0.65 in males and 0.68 in
temales. Hence, confirming this study’s observation that
length of ulna bone can give a correct estimation of height
because of a very high significant relation between the
length of ulna and height.

The simple regression analysis was done to know the
strength of the relation between length of ulna and height.
According to Lal and Lala,” regression coefficient (b) is
a better guide for calculation of height of an individual

Table 2: Comparison of ulna length between right and left in male and female

Sex Mean*SD Difference between t d.f Significance
Right ulna length (cm) Left ulna length (cm) the mean

Male 27.7+1.3 27.6x1.4 0.1 0.068 236 P>0.05

Female 25.6+1.3 25.4+1.3 0.2 0.866 360 P>0.05

SD: Standard deviation

Table 3: Estimation of height of male and female from length of ulna

Sex Side Correlation r % of Regression equation
coefficient (r) determination (Y=a+bX)
Male Right 0.754 0.5685 56.85 Y=63.984+3.631X
Left 0.745 0.555 55.5 Y=66.232+3.551X
Female Right 0.691 0.477 47.7 Y=57.995+3.745X
Left 0.701 0.491 491 Y=56.048+3.839X

Y: Height of an individual, a: Constant, b: Regression coefficient of X, X: Length of ulna
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Table 4: Regression coefficient in different
populations

Study Region Male Female
Right Left Right Left
Present study Tamil Nadu 3.631 3.551 3.745 3.839

Thummar et al.? Gujarat 3.117 3.667 5.314 5.335
Prasad et al. Maharashtra 292 292 237 237
Mondal et al.3® West Bengal 419 326 3.89 4.39
Mehta et al.™ Madhya Pradesh 3.562 3.285 3.562 3.285
Allbrook™ British 3.06 3.06 3.06 3.06

lllayaperumal et al.” Sri Lanka 2.645 2.645 3.536 3.536

when the identity of the individual is not known. In this
study, it was 3.631 (right ulna) and 3.551 (left ulna) in
males; 3.745 (right ulna) and 3.839 (left ulna) in females.
Following is the comparison of regression coefficient of
our study with other studies in different populations, as
given in Table 4.

In this study, the regression equations derived for Tamil
Nadu population will help in estimating the height of an
individual from the length of ulna bone. This equation will
serve as an alternative for prediction of height, which can
be used for nutritional assessment in bedridden patients, old
patients, ot patients with skeletal deformity.' It can be used
in forensic science to predict the stature from incomplete
or decomposed skeletal remains which help to establish
the identity of an unknown individual."*'” Anthropometry
uses various scientific methods and the techniques for
estimating the various measurements on the living as well
as the skeleton of man.? For biological anthropologists, it is
important to update their researches on diverse population
groups residing in different geographic zones.® Hence,
this study will help the anthropologists in their further
researches.

CONCLUSION

The length of the ulna bone is a reliable and accurate
parameter, which is used in estimating the height of an
individual. The regression equation, which was derived in
this study, can be of great help to anatomists, clinicians,
anthropologists, and forensic scientists.

ACKNOWLEDGMENT

The authors would like to thank Prof. P. Arumugam,
Assistant Professor of Biostatistic, Sti Muthukumaran
Medical College Hospital and Research Institute, for his
valuable input in the statistical analysis of this study.

REFERENCES

1. Prasad A, Bhagwat VB, Porwal S, Joshi DS. Estimation of human stature
from length of ulna in Marathwada region of Maharashtra. Int J Biol Med
Res 2012;3:2337-41.

2. Thummar B, Patel ZK, Patel S, Rathod SP. Measurement of ulnar length for
estimation of stature in Gujarat. NJIRM 2011;2:36-40.

3. Mondal MK, Jana TK, Jonaki D, Sumohan B. Use of length of ulna for
estimation of stature in living adult male in Burdwan district and adjacent
areas of West Bengal. J Anat Soc India 2009;58:16-8.

4. Martin R. Lehrbuch der anthropologie. In: Bannister LH, Berry MM,
Collins P, Dyson M, Deusek JE, Mark WJ, et al., editors. Gray’s
Anatomy - Anatomical Basis of Medicine and Surgery. 38" ed. London:
Churchill Livingston; 1999.

5. Mohanty BB, Agrawal D, Mishra K, Samantsinghar P, Chinara PK.
Estimation of height of an individual from forearm length on the population
of Eastern India. ] Med Allied Sci 2013;3:72-5.

6. Mondal MK, Jana TK, Giri Jana S, Roy H. Height prediction from ulnar
length in females: A study in Burdwan district of West Bengal (regression
analysis). J Clin Diagn Res 2012;6:1401-4.

7. Tllayaperumal I, Nanayakkara BG, Palahepitiya KN. A model for
reconstruction of personal stature from the length of forearm. Int J Morphol
2010;28:1081-6.

8. Jakhar JK, Pal V, Paliwal PK. Estimation of height from measurements of
foot length in Haryana region. J Indian Acad Forensic Med 2010;32:231-3.

9. Gupta P, Kumar P, Gaharwa A, Ansar H, Hussein M. Correlation of
percutaneous length of tibia with body height and estimation of stature in
living North Indian males. Sch J Appl Med Sci 2014;2:848-52.

10.  Seema, Mahajan A. Estimation of personal height from the length of head
in Punjab zone. Int J Plant Anim Environ Sci 2011;1:205-8.

11.  Celbis O, Agritmis H. Estimation of stature and determination of sex
from radial and ulnar bone length in a Turkish sample. Forensic Sci Int
2006;158:135-9.

12.  Joshi NB, Patel MP, Dongre AV. Regression equation of height from ulna
length. Indian J Med Res 1964;52:1088-91.

13.  Lal CS, Lala JK. Estimation of stature from tibial and ulna lengths in North
Bihar. ] Med Assoc 1972;58:120-1.

14.  Mehta AA, Mehta AA, Gajbhiye VM, Verma S. Estimation of stature from
ulna. Int J Anat Res 2015;3:1156-8.

15.  Allbrook D. The estimation of stature in British and ulna bone lengths.
J Forensic Med 1961;8:15-27.

16.  Auyeung TW, Lee JS, Kwok T, Leung J, Leung PC, Woo J. Estimation of
stature by measuring fibula and ulna bone length in 2443 adults. J Nutr
Health Aging 2009;10:931-6.

17. Ebite LE, Ozoko TC, Eweka AO, Otuaga PO, Oni AO. Height: Ulna
ratio: A method of stature estimation in a rural community in Edo state,
Nigeria. Internet J Forensic Sci 2008;13:6-9.

How to cite this article: Anupriya A, Kalpana R. Estimating the Height of an Individual from the Length of Ulna in Tamil Nadu Population

and its Clinical Significance. Int J Sci Stud 2016;4(1):254-257.

Source of Support: Nil, Conflict of Interest: None declared.

257 L International Journal of Scientific Study | April 2016 | Vol 4 | Issue 1 J




