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ABSTRACT

Introduction: Estimation of stature is important in the process
of identifying unknown and co-mingled human remains in mass
casualties and natural disasters. Forensic experts are asked
by the investigating officer to help to identify the person from
dismembered parts of the body and skeletal remains. Estimation
of stature is based on a principle that every body part bears
more or less a constant relationship with height of an individual.
Literature have documented that the hand parameters can be
successfully used for stature estimation.

Aim: To determine the relevance of hand parameters in the
estimation of stature and also to derive a regression formula for
stature from the hand parameters.

Materials and Methods: This cross-sectional study was conducted
in the Department of Forensic Medicine, Government TD Medical
College, Alappuzha, Kerala, India, from June 2017 to June 2018.
A total of 210 postmortem cases aged above 20 years were
included in present study for the comparison of stature, hand
length and hand breadth based on age were measured using
standard methodology. Average of measurements of right
and left hands were taken. Descriptive statistics were used to
summarise height, hand breadth and hand length. Categorical
and continuous variables were expressed as mean+SD.
Correlation was done using Analysis of Variance (ANOVA) and

INTRODUCTION

Identification is the determination of the individuality of a person based
on physical characteristics [1]. The process of identification generally
begins with formulation of a biological profie (osteobiography);
specifically, estimation of sex, age, ethnicity and stature [2].
Establishment of identity is necessary in the living persons, recently
dead unidentified persons, decomposed bodies, mutilated bodies,
burnt bodies and also in skeletal remains. When intact bodies are
to be examined, stature estimation does not pose any problem.
The estimation of stature, when mutilated and amputated limbs or
body parts are found, using available parts is crucial for creating a
biological profile during the process of personal identification. Stature is
determined by a combination of genetic and environmental factors [3].
Dimensional relationship between body segments and the whole
body has always been the focus of scientists, anatomists and
anthropologists [4]. Hand and foot dimensions used for stature
estimation help to formulate a biological profile in the process of
personal identification [5]. Hand dimensions like breadth, length,
wrist length, length of forearm, arm, foot dimensions, length of
long bones have all been used to successfully predict the stature.
Several authors have offered regression equations for stature based
on the length of long bones [6-9]. It is well known that the formulae
that apply to one population may not always give accurate results
for other populations [10]. Even within our vast homeland of India,
there are many different ethnic groups and they are having their own
variations [11]. Literature search revealed that studies regarding
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t-test and predictive equations obtained using Karl Pearson’s
correlation coefficient.

Results: A total of 210 included 157 males and 53 females, and
maximum subjects (78,37.1%) belonged to the age group 41-60
years. Hand length and hand breadth showed significant correlation
with stature in both males and females with a significant p-value
<0.01. Statistically significant age-related difference between the
age groups 21-40 years, age 41-60 years was noted in stature,
average hand length and hand breadth. The study variables
like stature, hand length and hand breadth showed statistically
significant higher values for males than females. It was observed
that though both hand parameters showed positive correlation with
stature, hand length was more predictive in both sexes. Regression
equations for estimation of stature from hand length and breadth
were derived for males, females and also for the total population
irrespective of the gender in cases when only hand length or hand
breadth is available and also when both hand length and breadth
are available.

Conclusion: From the data obtained it can be concluded that
estimation of stature can be done with reasonable accuracy
using hand parameters with hand length showing greater
correlation with stature than hand breadth in both sexes. Though
statistically significant, the correlation coefficient for females was
considerably less using both hand parameters.

Keywords: Anthropometry, Height, Linear regression equations

estimation of height with hand parameters are largely lacking in Kerala
and there was a felt need for identifying baseline parameters.

Hence, present study was conducted to study the relation between
stature and hand parameters namely hand length and hand breadth
of a person and also to derive a regression formula for estimating
the stature from hand length and hand breadth of a person.

MATERIALS AND METHODS

A cross-sectional study was conducted at the Department of Forensic
Medicine, Government TD Medical College, Alappuzha, Kerala, India,
for a period of 13 months from June 2017 to June 2018. The study
was conducted after getting clearance from the Institutional Ethics
Committee of the Institution (EC 45/2016 dated 29.11.2016).

Inclusion criteria: The cases of both male and female sex with
age above 20 years whose bodies were brought for medicolegal
autopsy to the Department were included in the study.

Exclusion criteria: The cases with any injury, disease or anomaly
that affects hand dimensions or stature were excluded from the
study. Decomposed, charred or mutilated dead bodies were also
excluded from the study.

Sample size calculation: According to study conducted by
Kavyashree AN et al.,considering the correlation between stature
and right hand breadth as 0.256% at 95% confidence interval with
80% power, the sample size is calculated using the standard formula
for one sample correlation as [7]:
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N:[{21_a/2+Z1_ﬁ}2x4/{|n(1 +r/1-nN}2+3
Z, .,=two tailed probability for 95% confidence interval=1.96
waﬁ:two tailed probability for 80% power=0.84
r=correlation between stature and right hand breadth=0.26
N=[{1.96+0.84}?x4/{in(1+0.256/1-0.256)}?]+3, N=117.5

Thus, the total sample size required for the study was 118. Since
more samples were available than the calculated sample size
convenient sampling was done including all available samples to
increase the power of the study.

A total of 210 subjects were divided into three age groups

e Group 1: 21-40 years,
Group 2: 41-60 years

Group 3: more than 60 years

Procedures

Stature: The body was placed in supine position on a flat, hard
surfaced autopsy table. Head was fixed so that frankfurt plane [12]
remains parallel to the autopsy table. Stature (total body length)
was measured between the vertex of the head and the heel using
measuring tape fixed on a wooden rod [13].

Hand length and hand breadth: The hand measurements were
taken after breaking rigor mortis. The hand was kept straight and flat
with fingers extended, adducted and thumb extended on autopsy
table. Hand length and breadth was measured from the palmar
aspect of the hand. Hand length was taken as a straight distance
between the midpoint of distal transverse crease of wrist joint and
the tip of the middle finger. Hand breadth was measured with thumb
abducted as a straight distance between most laterally placed point
on the head of the 2" metacarpal to the most medially placed point
on head of the 5" metacarpal. Hand length and hand breadth were
measured with manual sliding calliper [Table/Fig-1a,b]. The average
of measurements of right and left hands was taken. Regression

[Table/Fig-1]: a) Diagram showing measurement of hand length; b) Diagram showing
measurement of hand breadth.
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equations were derived to correlate the stature and both hand
parameters in both sexes and also irrespective of the gender [13].

STATISTICAL ANALYSIS

Descriptive statistics were used to summarise height, hand breadth
and hand length. Categorical and continuous variables were
expressed as mean+SD. Comparison of stature amongst age
groups was done using Analysis of Variance (ANOVA). Comparison
of Average Stature, hand length and breadth based on sex was
done using t-test. Karl Pearson’s correlation was used to find
out the relationship of height with hand length and hand breadth.
Simple and multiple linear regression equations were derived to
predict height using hand length and breadth. The p-value <0.05
was considered the threshold for statistical significance. Statistical
analysis were performed by using Statistical Package for the Social
Sciences (SPSS) version 20.0.

RESULTS

A total of 210 samples were studied which included 157 (74.8%)
males and 53 (25.2%) females. Among a total of 210 study
subjects, there were 67 (31.9%) in Group 1; 78 (37.1%) in Group 2
and 65 (31%) in Group 3 (highest age being 87 years). Mean stature
of the study samples was 164.4+5.6 cm and range of 145-175 cm.
Mean of average of hand lengths of right and left hands of the study
samples was 16.3+0.8 cm and range of 14.5-19.3 cm. Mean of
average hand breadths of right and left hands was measured in
6.4+0.7 cm and range of 5-8.5 cm.

The stature, average hand length and breadth of the various groups
based on age were calculated [TableFig-2] and a comparison was
done amongst the age groups. As stature was compared among
the age groups [Table/Fig-3], it was noted that Group 2 showed
statistically significant difference in stature with p-value <0.01.

The stature, average hand length and breadth based on sex were
calculated and a comparison was done between the two groups
(males and females) and comparison was statistically significant
between males and females for all the three parameters (p-value
<0.01) [Table/Fig-4]. Stature was correlated with hand length
and hand breadth [TableFig-5] and showed positive correlation
coefficient. Thus, it can be opined that when the hand length and
hand breadth increases, stature will also increase.

In order to predict the stature of a person using his/her hand length,
simple linear regression analysis was carried out [Table/Fig-6].
Stature of the person was taken as dependent variable and hand
length and hand breadth were taken as independent variables. The

Groups Mean (cm) Standard deviation (cm) Median (cm) Minimum (cm) Maximum (cm)
Stature 166.3 5.4 168 155 175
Group 1 Average hand length 16.6 0.9 16.5 15 19.3
Average hand breadth 6.6 0.7 6.5 5 8.5
Stature 164.4 4.5 165 153 172
Group 2 Average hand length 16.3 0.6 16.1 15 18
Average hand breadth 6.4 0.5 6.5 5 8
Stature 162.4 6.3 164 145 173
Group 3 Average hand length 16.1 0.7 16 14.5 17.5
Average hand breadth 6.2 0.6 6 5 7.3

[Table/Fig-2]: Descriptive statistics showing stature, average hand length and breadth based on age.

[Table/Fig-3]: Comparison of stature based on age.

“F: Fisher value- ANOVA

Scheffe multiple comparisons
Groups Mean (cm) Standard deviation (cm) Number F* Significance Pair F p-value
Group 1 166.3 5.4 67 Group 1and 2 2.2 0.114
Group 2 164.4 4.5 78 8.72 p<0.01 Group 1 and 3 8.7 <0.01
Group 3 162.4 6.3 65 Group 2 and 3 25 0.082
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Stature (Male) | Stature (Female) Total
r- r- r- p-
Parameters value | p-value | value | p-value | value | value
Average hand length 0.782 | p<0.01 0.620 | p<0.01 | 0.797 | p<0.01
Average hand breadth | 0.735 | p<0.01 0.559 | p<0.01 | 0.739 | p<0.01

[Table/Fig-5]: Correlation of stature with hand length and hand breadth.

(r-value- Pearson’s correlation coefficient)

Prediction equation
Parameter Sex Constant B* p-value for stature R2t
Male g767 | 477 | <001 | STETH@TTxhand g0
length).
Hand Female | 69.08 | 571 | <001 | 6908+ G7ixhand 440,
length length).
Total 6823 | 590 | <0.01 68.23+(5.9xhand |, gaq
length).
Male | 13243 | 518 | <001 | 19243+6A8khand o,
breadth).
Hand 129.46+(4.91xhand
b Female | 12946 | 4.91 | <0.01 oroadth), 0.312
Total 12398 | 632 | <001 | 12398+632xhand | o7
breadth).

[Table/Fig-6]: Prediction of stature using either hand length or hand breadth.

*B: Multiplication factor; R?: Correlation coefficient; *: Multiple regression analysis

B factor is the value by which the dependent variable increases for
every 1 cm increase of independent variable. The R? values suggest
the percentage factor by which the dependent variable can be
explained by the independent variable.

An attempt was also made to predict stature using both independent
variables considered together [Table/Fig-7]. The R? of the regression
analysis for male, females and whole population is 0.644, 0.459 and
0.667, respectively. It means that 64%, 46% and 67 % of variations
in the stature can be explained in the respective populations (male,
females and whole population) if both hand length and hand breadth
are available.

B Prediction equation for
Gender | Constant | Length | Breadth stature R
Female | 7672 | 415 | 288 |engtr?)i'(;.2§éiﬁf: dhg?ga iy, | 0459
Total 80.09 | 420" | 249 Iengﬁ?g%iﬁgg qend. . | 0667

[Table/Fig-7]: Prediction of stature using both hand length and breadth.

* Significant at 0.01 level; :-Significant at 0.05 level; *B: multiplication factor; SR? Correlation
coefficient; (Multiple regression analysis)

DISCUSSION

In the present study, statistically significant age related difference
was noted in stature, average hand length and hand breadth with
p-value <0.01. The mean values of average hand length, hand
breadth and stature showed statistically significant higher values for
males than females. Hand length and breadth showed statistically
significant positive correlation (p-value <0.01) with stature in both
sexes. It was observed that stature of a person can be estimated
more accurately when both hand length and breadth are available,
than when only one parameter is available. Regression equations
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Parameter Sex Minimum (cm) Maximum (cm) Median (cm) Mean (cm) Standard deviation (cm) N t-test p-value
Male 15 19.3 16.5 16.5 0.7 157

Hand length 7.43 p<0.01
Female 14.5 17 16 156.7 0.5 53
Male 5 8.5 6.5 6.5 0.6 157

Hand breadth 6.11 p<0.01
Female 5 7.3 6 6 0.6 53
Male 154 175 167 166.3 4.3 157

Stature 10.64 p<0.01
Female 145 169 159 158.7 5 53

(Multiple regression analysis) estimation of stature were derived for
males, females and also for the total population irrespective of the
gender in cases when only hand length or hand breadth is available
and also when both hand length and breadth are available.

Available literature was studied and a comparison was done of
mean stature, hand length and hand breadth derived in the present
study with other studies [Table/Fig-8] [6-8,14-21].

Stature: The mean stature of the males in the study population of
the present study was found to be 166.3+4.3 cm. This is in close
proximity with the mean stature value of 165.57 cm obtained for
male population in the study done by Varu PR et al., [6]. Studies
conducted by Kavyashree AN et al., Tandon R et al., and Wakode
NS et al., showed mean stature of male populationas 171.73,172.7,
171.4 cm which were higher values than the present study [7,8,19].
The mean of stature for the female population in the present study
was 158.7+5 cm. Similar values of 158 and 158.9 cm were found in
the studies of Sunil et al., and Patel RN et al., [14,15]. The studies
done by Tandon R et al., and Wakode NS et al., showed almost
near values like 157.6 and 157.19 cm respectively as mean stature
of females [8,19]. The mean values of stature for males and females
were lower in the study done by Geetha GN and Swathi SA, and
were 157.95 and 148.7cm respectively [20].

Hand length and breadth: In this study, the mean hand length
of male study population was 16.5+0.7 cm and female population
was 15.7+0.5 cm which was not comparable to values obtained in
most other studies. The mean hand breadth of the male samples
was 6.5+0.6 cm in the present study. The mean hand breadth in
other studies was higher as shown in [Table/Fig-8]. The mean hand
breadth for females of the present study was 6+0.6 cm. Values
in other studies were much higher than that of the present study
[Table/Fig-8]. Studies conducted by Pal A et al., does not depict
any significance in the difference in the length of right and left hand
in either sex (p-value=0.03) [22].

In this study, the mean values of stature, average hand length and
breadth showed statistically significant difference in males and
females. In a study conducted in Kashmir by Khan MA et al., it was
observed that in males the length parameters show greater correlation
than the breadth parameters [9]. The present study has found out that
there exists a statistically significant and positive correlation between
stature and hand parameters like hand length and hand breadth.
Hand length showed more correlation with stature than hand breadth.
The correlation coefficient was 0.612 for hand length in males while it
was 0.384 for females and 0.540 for hand breadth in males whereas
it was 0.312 for females in the present study.

Khan MA et al., observed that the correlation between stature and
measured parameters was as follows: right hand length (0.626) in
males and left hand length (0.695) in females and left hand breadth
(0.046) in males and right hand breadth (0.386) in females [9]. All the
parameters exhibit statistically significant positive correlation with
hand length being more predictive than hand breadth. Varu PR et
al., noted a positive correlation with r’=0.905 in males and 0.889 in
females between height and hand length [6]. Kavyashree AN et al.,
observed that bilateral variation was significant for the measurements
of hand length whereas bilateral variation was insignificant for hand
breadth measurements [7]. It was also observed that positive
correlation existed between stature vs right hand length (0.412), left
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Sample Mean hand length

Study done by Place size Sex | Mean height (incm) | SD (in cm) SD Mean hand breadth (in cm) SD

M 169 7.8 19.6 1.3 - -
Sunil et al., (2005) [14] Delhi 150

F 158 5.8 18.2 1 - -

M 169.6 3.97 18.41 1.04 - -
Patel RN et al., (2014), )

Gujarat 200

[15] F 158.9 4.29 17.55 1.10 . -
Choudhary S et al., Jammu 100 M 169.76 6.23 B - B -
(2014) [16] F 155.21 5.32 - - - -
Moorthy TN and Zulkifly Velysi - M 168.7 0.6 18.6 0.9 7.9 0.4
NRB, (2014) [17] F 156.3 0.6 17 0.9 7.0 0.5
Dey S and Kapoor AK Rejasthan 147 M -- -- 19.23 1.2 8.3 0.40
(2015) [18] F - - 17.37 1.09 7.57 0.35

M 171.4 5.79 18.34 0.9 - -
Vg/g:@de; gN Setal, Maharashtra 200
(2018) [19] F 157.6 5.37 16.7 0.77 - -
Varu PR et al., (2015) St 200 M 165.57 6.59 17.98 0.95 8.26 0.53
(6] F 151.02 5.69 16.65 0.84 7.27 0.33
Kavyashree AN et al, oot s M 171.73 6.82 18.81 1.12 8.24 0.38
(2015) [7] F 159.25 6.21 17.17 0.93 7.24 0.46
Geetha GN and Swathi Kasargode, 200 M 157.95 6.42 18.2 1.08 8.34 05
SA, (2019) [20] Kerala F 148.7 7.57 16.9 0.8 7.5 0.4
Tandon Retal. (2016) | - orean . M 172.7 6.1 19.36 1.09 8.31 0.41
(8] F 157.19 6.2 17.33 0.99 7.24 0.45
Subashri A and M 163 5.1 - - - -
Thenmozhi MS (2016) Tamil Nadu 100
[21] F 160 5.8 - -- - --

M 166.3 43 16.5 0.7 6.5 0.6

Alappuzha,

Present study (2021) Kerala 210 - 1587 5 157 05 o 06

[Table/Fig-8]: Comparison of mean stature, hand length and hand breadth derived in the present study with other studies [6-8,14-21].

hand length (0.397) right hand breadth (0.095) left hand breadth
(0.127) with hand length being more predictive. Chandra A et al.,
in his study for stature prediction based on hand anthropometry
in male industrial workers of the Haryana state showed values of
correlation coefficient less than that of the present study for. (0.598
for hand length and 0.460 for hand breadth) [23].

Linear regression equations were derived for estimation of stature
from hand length and hand breadth in the present study and was
compared with data obtained from other studies [Table/Fig-9]
[6-8,14,17,20,24].

Estimation of Estimation of
Authors and Sample stature from stature from hand
year of study Place size Sex hand length breadth
‘ M | 86.93+4.25HL -
Sunil et al., Delhi 150
(2009) [14] F | 77.42+4.56HL -
Moorthy TN and M - 123.72+5.69HB
Zulkifty NRB, Malaysia 200
(2014) [17] F - 136.81+2.78HB
Varu PR et al M | 85.517+4.45HL | 110.301+6.688 HB
v Gujarat 200
(2019) [6] F | 86.430+3.88HL | 91.585+8.174 HB
M | 124.18+2.52HL | 151.18+2.54 HB
Kavyashree AN Karnataka 304
etal., (2015)[7] F | 112.49+2.72HL | 150.1241.27 HB
Geetha GN Kasaraode M - 117.798+0.481HB
and Swathi SA, N gl | 200
(2015) [20] eraia F - 140.696+0.104 HB
Tandon R et al Uttar M | 111.5+3.16HL | 124.54+5.79HB
" 497
(2016) 8] Pradesh F | 96.46+3504HL | 105.5+7.125HB
M | 68.69+5.52HL -
Supare M etal, | o oshira | 400
(2019) [24] F | 65.22+5.46HL -
Presentstudy | Alappuzha M | 87.67+4.77HL | 132.43+5.18HB
| 210
(2021) Kerala F | 69.08+5.71HL | 129.46+4.91 HB

[Table/Fig-9]: Regression formula for stature from hand length and hand breadth
derived in the present study and in other studies [6-8,14,17,20,24].

In a study conducted in Nigeria comparing hand and foot parameters
with stature in ethnic groups it was observed that though hand and
foot parameters could be used to estimate stature accurately, none
of them was more reliable than the other. It was also noted that the
formula obtained for these parameters were population and ethnic
specific [25]. Parameters like finger length, considering all digits
were used to predict stature in children [26]. Thus, more variables
can be used to increase the predictive value of the formulated
regression models.

Limitation(s)

Regression equations become more accurate when multiple
variables can be used. This study, though conducted in a small
population, shall act as the stepping stone for multicentric studies to
be conducted in the State of Kerala using more predictive variables
like arm length, finger length, wrist circumference to increase the
accuracy of prediction. Regression equations obtained for general
population can be used in cases when, only mutilated remains of
hand are available and there occurs a difficult identification of sex.

CONCLUSION(S)

The data obtained from this autopsy-based study presented that
estimation of stature can be done with reasonable accuracy using
hand parameters. It was observed hand length showed greater
correlation with stature than hand breadth in both sexes. The
correlation coefficient for females was considerably less using both
hand parameters but was statistically significant. This could be due
to hormonal or nutritional factors and needs to be further studied for
a definite reason. Stature estimation was more precise when both
parameters were used together in the regression model. A regression
equation for stature prediction when sex was unknown was also
derived and showed high correlation. It is needed to conduct more
studies among people of different regions, sex and ethnicity and to
derive regression equations for a particular population.
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