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Abstract
Estimation of stature is a major cause of concern in forensic medicine and forensic anthropology. It becomes difficult to
predict the physical identification of an individual when only fragmentary remains of dead body are brought for
postmortem. Physical reconstruction from such remains depends upon the fact that various body parts exhibit consistent
ratios when compared to total height of a person. Present study is an endeavor to generate formula for estimation of
stature from combined length of forearm and hand in Jammu region of India. Results of present study reveal highly
significant gender differences between the selected parameters necessitating the need for separate data for two sexes. A
positive and significant correlation coefficient of 0.615 and 0.731 has been observed in the males and females in the
present study. The regression equation for both sexes has been derived for practical use in anatomical, forensic and
archeological investigations.
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1. Introduction
Stature or body height is one of the most important and useful anthropometric parameter to determine the physical
identity of criminals and victims including age, sex and race [1], [2]. Increasing frequency of mass disasters like
tsunamis, plane crashes, earthquakes, genocides etc. has created problems in the determination of stature and
identification of victims when only fragmented or dismembered human remains are available for investigations [3], [4],
[5], [6]. In such cases the forensic expert has no choice but to use a relatively less precise method of reconstruction i.e.
the mathematical method which is workable even if a part of body is available [7]. For past many years scientists,
anatomists and anthropologists have laid focus on dimensional relativity between various body segments [8], [9], and
[10]. This relationship between body segments has been used to compare and highlight variations between ethnic
groups using somatometeric measures. Somatometry, which deals with measurements of living and cadavers, forms a
major tool in studying human biological variability including morphological variations. Studies of such variations by
their very nature have a comparative focus in which variations within and among populations form the central theme
[11]. Recent studies have observed differential limb proportions between two sexes and among different populations.
For example, Negros has relatively long arms and legs [12]. Therefore the formulae derived from one population cannot
be applied with accuracy for others necessitating the need to evaluate various data which are both population and sex
specific. Investigations have been conducted in the last few decades to establish stature estimation from hand and feet
using multiple linear regression analysis for both genders in different regions with variable degree of success [3], [6],
[10], [13], [14], and [15]. This emphasizes the need for further investigation using additional parameters for accuracy
and reliability. In the present study, attempt has been made to compute regression equations for determination of
anthropometric relationship between body height and combined length of forearm and hand in Jammu region of India.
To the best of our knowledge no data for prediction of personal stature from various segments of upper extremity is
available in this region.
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2. Materials and methods
The present study was conducted on 100 medical students 50 males and 50 females belonging to Jammu region. The
students varied in age from 18 to 21 years. The combined length of forearm and hand was measured as a straight
distance between apex of olecranon process and tip of the middle finger. Left handed students were excluded from the
present work to avoid any variation on two sides caused by limb dominance. The subject was asked to keep the forearm
and hand on a straight table, to which a white sheet of paper was fixed. The elbow was flexed at right angle and forearm
was kept in supine position. Care was taken to see that fingers and hand remains in straight line with forearm. The
position of the apex of olecranon process and tip of middle finger was marked on the paper and distance between two
lines was recorded with the help of the measuring tape to the nearest mm. The height of the individual was measured
with the help of an anthropometer as the distance between vertex and floor, when the person is standing in anatomical
position and the head in Frankfurt plane. All measurements were taken between 1pm to 3pm to eliminate discrepancies
caused by diurnal variations.

3. Results
Various parameters observed and their statistical interpretations have been summarized in table 1 and table 2.
Table 1: statistical differences between forearm plus hand length and height in two sexes. (All measurements are in cms)

Parameters
Height(mean±SD)
Forearm plus hand length(mean±SD)

Males
169.76±6.23
46.31±2.73

Females
155.21±5.32
42.35±1.53

t
12.53
8.91

P
0.0001
0.0001

Table 2: Statistical analysis of stature estimation from length of forearm plus hand. (All measurements are in cms)

Parameters
Height range
Mean height
S.D of height
S.E of height
Forearm + hand length range
Mean forearm + hand length
S.D of forearm + hand length
S.E of forearm + hand length
Correlation coefficient(r) between
forearm + hand length & height
Coefficient of determination( R)
Regression coefficient (b)
Value of constant (a)

Males
155.5 – 189.4
169.76
6.23
0.88
36.1 – 52.6
46.31
2.73
0.38

Females
142.0 – 166.9
155.21
5.32
0.75
39.0 – 45.8
42.35
1.53
0.21

0.615 (P <0.01)

0.731 (P <0.01)

0.378
1.4 (S.E 0.25)
104.9 (S.E 12.01)

0.534
2.54 (S.E 0.34)
47.39 (S.E 14.53)

4. Discussion
Ever since the formulation of multiplicative factors and regression equations for stature estimation on the bases of long
limb bone dimensions by Allbrook [16], many workers have presented parameters to reconstruct stature from various
skeletal remains as well as body parts. This reconstruction becomes crucial because sometimes amputated and
dismembered parts of the body are found disposed off in the open, ditches, rubbish, dumps etc. at the site of crime or
disaster and are brought to forensic medicine experts with the objective of identification. Studies have been conducted
in the recent past on height determination from length of hand, feet, upper extremity and facial measurements in living
subjects [1], [4], [10], [14]. To the best of our knowledge, the correlation between combined length of forearm plus
hand has not been formulated in Indian population. The present study for the first time documents a relationship
between these two variables in the local population of Jammu region for practical use in medico legal, anthropological
and archeological studies. The results of present study reveal that the mean height for males is 169.76 ± 6.23 and for
females 155.21 ± 5.32 and mean length of forearm plus hand in males is 46.31 ± 2.73 and in females is 42.35 ±1.53
(TABLE 1). Statistical analysis of these figures shows that highly significant differences exist between these
measurements in two sexes (P < 0.0001), hence the need for alternate formulae for the genders. A significant and
positive correlation coefficient (r) of 0.615 for males and 0.731 for females has been observed between selected
parameters in the present study (TABLE.2). It is accepted principle that a body dimension which correlates highly with
stature would yield more accurate determination of stature when compared to low correlation. Current course of
investigative study after statistical analysis and data interpretation highlights the reliability of selected parameters in
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evaluation of stature and thus will provide an additional armamentarium in the hands of forensic experts for individual
physical description when only fragmentary remains of body are available.
Following regression formula is used for calculation of height.
Y (height) = constant + (regression coefficient × length of forearm plus hand)
Regression equations derived for two sexes are:For Males:
height = 104.9 + (1.4 × 46.31)
For Females: height = 47.39 + (2.54 × 42.35)

5. Conclusion
Regression equations for determination of stature from the combined length of forearm and hand in Jammu region of
India have been formulated in two sexes. These are of considerable significance for forensic experts in reconstruction of
stature of an individual in medicolegal cases when only fragmentary remains of the body are available
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