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ARTICLE INFO ABSTRACT

Received:30 Jun 2018 The ability to discriminate sex is the number one criteria in establishing identity. This is especially
so during a search for a missing individual. The study therefore employed discriminant function
Accepted:12 Oct 2018 analysis to estimate sex from hand dimensions among the Igbos of South Eastern Nigeria. A total
of 450 subjects were included in the study. Hand dimensions [Right Hand Length (RHL), Right
Hand Breadth (RHB), Right Palm Length (RPL), Right Palm Width (RPW), Right Hand Index (RHI),
Left Hand Length (LHL), Left Hand Breadth (LHB), Left Palm Length (LPL), Left Palm Width (LPW),
Left Hand Index (LHI)] was measured using a digital Vernier caliper with 0.01 mm accuracy. T-test
guided by Levene’s test for equality of mean and paired t-test was used to compare mean
differences as well as side differences, while sex estimation was done using discriminant function
analysis (DFA). Significance level was set at 95% confidence interval, hence p < 0.05 was
considered significant. All these was done using statistical package for the social sciences (SPSS
IBM ver 23.0 Armonk, New York, USA). Results were therefore as follows: the mean+standard

deviation of the right hand for males were 202.67 121.70 mm (RHL), 79.98+19.94 mm (RHB),
93.30423.42 mm (RPL), 76.23+19.66 mm (RPW), 43.26:42.16 mm (RHI); while the left male
values were 205.17+9.65 mm (LHL), 78.47,19.93 mm (LHB), 93.99+23.04 mm (LPL),
77.04+19.15 mm (LPW), 38.3349.94 mm (LHI). The female values for the right hand were
190.74+10.66 mm (RHL), 79.96+11.28 mm (RHB), 97.81+17.99 mm (RPL), 76.404+15.48 mm
(RPW), 42.08+6.39 mm (RHI), 191.57,20.72 mm, while those of the left includes: (LHL),
76.85+16.53 mm (LHB), 97.99.18.65 mm (LPL), 78.04,14.98 mm (LPW), 44.29.45.62 mm (LHI).

The results however showed females to have higher mean values in most of the measured
parameters except for RHL, RHB, RHI, LHL and LHB. However, mean values were generally not
significant except for RHL (¢t = 4.94, P= 0.0001) and LHL (¢t = 5.95, P= 0.0002). DFA model showed
a Wilk’s lambda predictability value of 0.667 and a significant F-likelihood ratio (P = 0.001), with a
model accuracy of 70.5%, with a better prediction for female (72.4%) as compared to the males
(69.8). Perhaps the prediction level as observed was quite low, but cannot be ignored in forensic
investigations involving sex estimation, as the study will be relevant in forensic science as well as
anthropology.
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especially in cases of intersex, bodies in advanced state of
putrefaction, as well as mutilated and fragmented remains.
Usually it iscommon to recover peripheral and dismembered
parts of the body.

Dismembered body parts are frequently found in modern
era, due to increased events of natural disasters like
earthquakes, landslide etc. and man-made disasters like
stampedes, building collapse, road traffic, air traffic and
railway accidents, mining accidents, fire, explosions etc.
Dismembered body parts are frequently found also due to
increased murder events where body parts are being
mutilated by a murderer in order to destroy all traces of
identity aswell as to facilitate the disposal of the dead 2.
However, in cases of mass disaster and assault where body
parts are dismembered, mutilated and or fragmented to
concea the identity of the victim, identification becomes
difficult 2.

However, among the primary factors of identification (race,
sex, age and stature), sex determination is one of the
foremost criteria in establishing the identity of an
individuals. Hence accurate sexing of the remains, primarily
narrows down the pool of possible victim matches 3. Age of
epiphyseal fusion varies in both sexes *. Therefore, sex
determination from hand dimensions will be relevant in
forensic science in the identification of human remains.
Traditionally, the pelvic bone was the most common bone
used in sexua dimorphism in combination with the cranium
®. However, anumber of authors have estimated sex from the
bones of the appendages, especially the hand & 7 2 & °,
Ibeachu et al. (2011) has observed sexual dimorphism using
hand dimensions among Nigerians *°, while Kanchan and
Rastogi, 2009 al so observed considerable sexual dimorphism
among Indians using the morphometric parameters of the
hand. However, this study employed the best statistical
model in sex determination being the Discriminant Function
Analysis (DFA) designed by Fisher 2 in other to estimate
sex from hand dimensions among the Igbos of South Eastern
Nigeria.

2. MATERIALSAND METHODS
Following Ethical clearance obtained from the University of
Port Harcourt ethics and professional committee, two
hundred (400) adult subjects of Igbo origin aged 18 to 65
years (200 males and 250 females) were involved in the
study. A multistage stratified sampling technique was
adopted and sample size determined using Fisher’s formula
for infinite population after the population of the Igbos
wereabinitio estimated from the total Nigerian population.
_ L xpxg

. 55
Population; a*

2.1Inclusion Criteria
1. Subjects must be Igbos by both parents up to the second
generation.

2. They must healthy be individuals without any form of
deformity to the hands.
3. They must have had no injury, fracture, or any form of
surgical procedure on either hand.
2.2 Exclusion Criteria
Subjects excluded from the study includes:
1. Thosewho are not of Igbo origin or hybrids.
2. Subjects with amputated hands.
3. Subjects below 18 and above 65 years of age.
However, a written informed consent was therefore obtained
from the subjects who meet the inclusion criteria after the
procedure and details of the research was verbally explained
to them. Hand dimensions were thereafter obtained from
these subjects using electronic digital Vernier caliper of 0.01
mm precision (Mitutoyo). Measurement taken includes:
Right Hand Length (RHL), Right Hand Breadth (RHB),
Right Palm Length (RPL), Right PAdm Width (RPW), Right
Hand Index (RHI), Left Hand Length (LHL), Left Hand
Breadth (LHB), Left Paim Length (LPL), Left Palm Width
(LPW) aswell as Left Hand Index (LHI).
Subjects were made to sit comfortably on a back chair with
their hand placed in supine position on a table with fingers
extended. They were politely asked to remove their wrist
watches, wrist bands as well as rings to avoid interference or
ateration of values. Hand Length (HL) was measured as a
straight distance between the mid-point of the distal crease
of the wrist joint and the most anterior projecting part of the
middle finger, while the breadth (HB) was measured as a
straight distance from the most laterally placed point on the
2nd metacarpal to the most medially placed point on the fifth
(5) metacarpal. Whereas Hand Index was obtained
- Hond Length x 100
mathematically as #and Ereadth .
Palm Length (PL) was measured as the distance from the
mid- point of the distal transverse crease of the wrist to the
midpoint of proximal flexion creasse of the middle finger.
However, Palm Width (PW) was measured as a horizontal
line along the point where the thumb and hand meet at the
hypothenaeminence. The line must be perpendicular to aline
dividing the 3 (middle) finger into equal halves.
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Fig 1: A sketch showing the M easurement of Hand dimensions
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Table 1: Descriptive Statistics of Hand Dimensions of the I gbos

) MALE (N = 200) FEMALE (N = 250) TOTAL (N = 200)
Variables ) =g ) 5 . +
Min Max Mean=S.D Min Max Mean= S.D Min Max Mean= S.D

Age (years) 19.00  36.00 25757363 1800 4000 o461 F308 18.00 40.00 2518350
Right Hand Length (mm) 19.20 259.00 202.67121.70 164.00 216.00 190.74110.66 19.20 259.00 196.7li18.07
Right Hand Breadth (mm) 2210 10960  799gF1994 4110 12990 79get110g 2210 12990  7997%16.16
Right Palm Length (mm) 1090 13260 g330%o342 1420 16010 g7g1F1799  10.90 16010  g556E20.05
Right Palm Width (mm) 15.40 100.90 76.23119.66 18.70 130.90 76.40115.48 15.40 130.90 76.311-17.65
Right Hand Index (mm) 1176 44896  4306t421s 2055 6662 4208639 11.76 44896  4267%30.08
Left Hand Length (mm) 185.00  228.00 205.17%9.65 17.50 219.00 19157%2072 17.50 22800  19837%1751
Left Hand Breadth (mm) 23.30 103.50 78.47%19.93 17.90 12680  7g.85%16.53 17.90 12680  77.66%18.28
Left Palm Length (mm) 1230 13300  g399¥2304 1510 16180 g790%1g65 1230 16180  g509%21.01
Left Palm Width (mm) 2260 10000  7704%1915 2320 12940 7g04%1498 2260 12940 7754%9715
Left Hand Index (mm) 11.44  53.08 38.33t9 04 8.91 48743  g4o9fsse; 891 48743  z131%3306
Min = Minimum, Max = Maximum, S.D = Standard Deviation, N = Number of Subjects
Table 2: Independent sample T-test comparing male and female hand dimensions
Variables Levene's Test for Equality of Variances t-test for Equality of Means

F-value P-value Inference  df 95% Cl ofthe MD  SEMD t-value P-value Inference

Difference
Lower Upper

Age (years) 1.80 0.18 EVA 19800 018 210 114 049 233 0.02 Significant
Right Hand Length (mm) 0.44 051 EVA 19800 717 1670 1193 242 494 <001  Significant
Right Hand Breadth (mm) 14.69 0.00 EVNA 15645 -451 454 002 229 0.01 0.99 Not Significant
Right Palm Length (mm) 17.41 0.00 EVNA 18569 -10.33 1.32 -451 295 -1.53 0.13 Not Significant
Right Palm Width (mm)  5.70 0.02 EVNA 18768 -511 476 -0.18 250 -0.07 0.94 Not Significant
Right Hand Index (mm)  2.17 0.14 EVA 198.00 -7.23 9.59 118 4.26 0.28 0.78 Not Significant
Left Hand Length (mm)  2.45 0.12 EVA 198.00 9.10 18.11 1361 229 5.95 <0.01 Significant
Left Hand Breadth (mm)  3.77 0.05 EVA 198.00 -3.49 6.73 162 259 0.63 0.53 Not Significant
Left Palm Length (mm)  13.09 0.00 EVNA 189.76 -9.84 1.85 -400 296 -1.35 0.18 Not Significant
Left Palm Width (mm) 6.23 0.01 EVNA 187.18 -5.80 3.79 -1.00 243 -0.41 0.68 Not Significant
Left Hand Index (mm) 1.05 0.31 EVA 198.00 -15.17 3.24 -5.96 467 -1.28 0.20 Not Significant

M.D = Mean difference, SE.M.D = Standard Error of Mean Difference, df = degree of freedom, F-value = Fischer’s value, P-value = Probability value, EVA = Equal Variance
Assumed, EVNA = Equal Variance Not Assumed, CI = Confidence Interval

Table 3: Paired sample T-test comparing theright and left hand dimensions of the subjects

Parameters (mm) Sex Paired Differences T-test for equality of means
95% CI of the Difference MD SEMD df tvaue P-value Inference
Lower Upper
Hand Length (right vs. left) Male -6.18 1.18 -250 1.86 99 -1.35 0.18 Not Significant
Female -4.36 271 -0.82 1.78 99 -0.46 0.64 Not Significant
Hand Breadth (right vs. left) Male 0.73 229 151 0.39 99 3.85 <0.01 Significant
Female 0.72 551 312 121 99 2.58 0.01 Significant
Palm Length (right vs. left) Male -2.21 0.83 -0.69 0.77 99 -0.90 0.37 Not Significant
Female -1.11 0.75 -0.18 0.47 99 -0.39 0.70 Not Significant
Palm Width (right vs. left) Male -1.78 0.16 -0.81 0.49 99 -1.66 0.10 Not Significant
Female -2.57 -0.70 -1.63 0.47 99 -3.48 <0.01 Significant
Hand Index (right vs. left) Male -3.14 12.99 493 4.06 99 1.21 0.23 Not Significant
Female -11.09 6.66 -2.21 447 99 -0.50 0.62 Not Significant
2.3 Statistical analysis 2.4 Data Analysis

Descriptive statistics was used in establishing cutoffs, while
paired and unpaired (independent) t-test was used to test for
differences (side and sex) in the measured parameters.
Discriminant function analysis (DFA) was used to classify
the measured parameters into group membership with a
prediction model established for sex determination
(estimation). Confidence interval was set at 95%, hence P<
0.05 was considered statistically significant. All these were
achieved with the aid of the statistical package for the social
sciences (SPSS; IBM version 23, Armonk, New York,
USA).

This study considered sex estimation from hand dimensions
using discriminant function analysis (DFA). Data obtained
were presented according to type. Data was presented in
Table (1 — 10); with descriptive statistics (as meaniSD)
presented in Table 1, while the test of mean difference (MD)
for sex and side differences using independent (guided by
Levene’s test) as well as paired sample T-test was presented
in Table 2 and 3 respectively. Discriminant function analysis
(DFA) was presented in (Table 4 - 9), with percentage
predictability for group membership (summary) presented in
Table 10.
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Table 4: Tests of equality of group means

Parameters Wilks F dfl df2  P-valuelnference
Lambda

Right Hand Length  0.890 24370 1 198 <0.001 Significant
(FE?gngi Hand Breadth 1.000 0.000 1 198 0.994 Not Significant
ggﬁi Palm Length  0.988 2330 1 198 0.129 Not Significant
g?;i Palm Width ~ 1.000 0.005 1 198 0.943 Not Significant
I('\r’?g;?wi Hand Index ~ 1.000 0076 1 198 0.782 Not Significant
(Ln;fTLand Length  0.848 35415 1 198 <0.001 Significant
(Ln;fTi-iand Breadth  0.998 0391 1 198 0533 Not Significant
(LerT%Dalm Length  0.991 1817 1 198 0.179 Not Significant
(LrngLalm Width 0.999 0170 1 198 0.681 Not Significant
EerfTE-Iand Index 0.992 1631 1 198 0.203 Not Significant
mm

Table 5: Table tests of equality in population covariance matrices and
canonical correlation

Box'sM equality in Eigen values

covariance Function Eigen Canonical
value Correlation

Box'sM 1782317 1 0.500 0.577

E

Approximately  30.688

dfl 55

df2 126,601.891

P-value <0.001

Table 6:Wilks' lambda test for predictability into group membership

Test of Wilks X2 df  P-value Inference

Function(s) lambda

1 0.667 78293 10 <0.001 Significant

Table 7. Canonical discriminant function coefficient structured,
standar dized and unstandar dized

Box'sM structure Matrix Standar dized Unstandar dized

coefficients canonical canonical
discriminant discriminant
function coefficients function coefficients

Variables (mm) Function®  Function Function®

Left Hand Length0.598** 0.876 0.054

Right Hand 0.496** 0.862 0.050

Length

Right Palm -0.153* -0.204 -0.010

Length

Left Palm Length -0.135* 0.009 0.000

Left Hand Index -0.128* 0.615 0.019

Left Hand 0.063* 0.608 0.033

Breadth

Left Palm Width -0.041* -0.941 -0.055

Right Hand Index 0.028* 0.901 0.030

Right Palm Width-0.007* 0.537 0.030

Right Hand 0.001* -0.566 -0.035

Breadth

(Constant) -19.671

Variables that are making; ***strong predictions; **average prediction;
*poor prediction.?Function - Pooled within-groups correlations between
discriminating variables and standardized canonical discriminant functions;
PFunction - Coefficients used for computing group membership value
Table 8:Functions at group centroids

Sex Function?
Male 0.704
Female -0.704

#Unstandardized canonical discriminant functions evaluated at group means
Table 9: Classification function coefficients

. Sex
Variables (mm) Male Female
Right Hand Length 0.920 0.849
Right Hand Breadth -0.023 0.026
Right Palm Length 0.221 0.235
Right Palm Width -0.029 -0.072
Right Hand Index 0.555 0.513

Left Hand Length 1617 1540
Left Hand Breadth -0.211 -0.258
Left Palm Length -0.071 -0.071
Left Palm Width -0.224 -0.147
Left Hand Index 0.692 0.665
(Constant) -273.073 -245.385

Table 10: Percentage predictability for group member ship

Prediction (%)  Sex Predicted group Total
member ship
Male Female
Origina® Male 168 (74.7) 57 (25.3) 225 (100)
Female 50(22.2) 175 (77.8) 225 (100)
Cross-validated® Male 157 (69.8) 68 (30.2) 225 (100)
Femade 62(27.6) 163 (72.4) 225 (100)

a73.5% of original grouped cases correctly classified;°70.5% of cross-
validated grouped cases correctly classified

Data obtained from 200 subjects were analyzed as presented
in Table 1 — 10. Subjects were of the same age bracket with
amean age of 25.75+3.63 years (male) and 24.61+3.28 years
(female).

As obtained, the mean £ SD values of the Right Hand [Right
Hand Length (RHL), Right Hand Breadth (RHB), Right
Palm Length (RPL), Right Palm Width (RPW), Right Hand
Index (RHI)] for males were 202.67+21.70 mm,
79.98+19.94 mm, 93.30£23.42 mm, 76.23£19.66 mm,
43.26+42.16 mm respectively; while the female values were
190.74+10.66 mm, 79.96+11.28 mm, 97.81+17.99 mm,
76.40+15.48 mm and 42.08+6.39 mm respectively.

Also the mean + SD values of the Left Hand [Left Hand
Length (LHL), Left Hand Breadth (LHB), Left Palm Length
(LPL), Left Palm Width (LPW), Left Hand Index (LHI)] for
male subjects were 205.17+9.65 mm, 78.47+19.93 mm,
93.99+23.04 mm, 77.04+19.15 mm and 38.33+9.94 mm
respectively; while those of the female subjects were
191.57+20.72 mm, 76.85+£16.53 mm, 97.99+18.65 mm,
78.04+14.98 mm and 44.29+45.62 mm respectively. Higher
mean values were observed for male subjects in the
following variables as compared to the female subjects
(Right Hand Length, Right Hand Breadth, Right Hand
Index, Left Hand Length and Left Hand Breadth); however,
others were higher in female subjects compared to the males
(Right Palm Length, Right Palm Width, Left Pam Length,
Left Palm Width and Left Hand Index) [Table 1].

Using unpaired (independent sample t-test) for sex
differences, with Levene’s test for equality of variance
guiding the assumptions made. Thus Right Hand Length (F
= 0.44, P = 0.51), Right Hand Index (F = 2.17, P = 0.14),
Left Hand Length (F = 2.45, P = 0.12), Left Hand Breadth
(F = 3.77, P = 0.05) and Left Hand Index (F = 1.05, P =
0.31) varied significantly as compared in box sex, thus
unequal variance was assumed, while for the rest of the
variables equal variance was assumed for the analysis of
mean difference of the variables. However, in both sex,
significant differences in hand dimensions were observed in
the following parameters. Right Hand Length (t = 4.94,
P<0.01) and Left Hand Length (t = 5.95, P<0.01), while the
rest of the variables were not significant (Table 2).
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Side differences were compared using a paired t-test. Left
Hand Length was higher than Right Hand Length and the
Left Pam Length was also higher than the Right Pam
Length in both sex, however the differences were not
statistically significant [t = -1.35; P = 0.18 (male), t = -0.46;
P =0.64 (femae)] and [t =-0.90; P = 0.37 (mde), t = -0.39;
P = 0.70 (female)] respectively. On the other hand, the Left
Palm Width was higher than the Right Palm Width in both
sex, but this time the mean difference (MD) was significant
in female subjects (t = -3.48; P< 0.01), but not significant in
the males (t = -1.66; P = 0.10). On the contrary, the Right
Hand Breadth was higher than the Left Hand Breadth in both
sex with asignificant MD [t = 3.85; P< 0.01 (male), t = 2.58;
P = 0.01 (femae€)], while for Hand Index, significant
difference was not observed in both sex [t = 1.21; P< 0.23
(male), t = -0.50; P = 0.62 (female)]; however, the Right was
Higher than the Left in males and vice versain the females.
Discriminant function analysis (DFA) was carried out using
ten (10) parameters. In Table 4, the test of equality of mean
difference of male and female values were carried out, with
two out of the eight (8) entered into the model being
significant (P< 0.001). As presented in Table 5, the Box’s M
test of equality in population covariance matrices (which
tests the null hypothesis of equal population covariance
matrices) as well as the canonical correlation; provides an
index of overal model fit. Significant difference was
observed in the Box’s M covariance matrix; hence equal
group variance cannot be assumed. This suggests a larger
discrepancy in the predictor variables. However, the
magnitude or the actual effect size of the predictors (being
the canonical coefficients) and the outcome becomes the
square of the coefficient of the canonical correlation
(0.577)%, suggests that the model can only explain 33.29% of
the grouping (discriminating) variables (i.e. the sex of the
individual). Similarly,Wilks' lambda test for predictability
into group membership as presented in Table 6 showed that
the predictor variables will make statistically significant
predictions (Wilk’s lambda = 0.667, P< 0.001). Standardized
and unstandardized coefficients were presented in Table 7,
with the unstandardized coefficients used to generate the
discriminant function equation. The discriminant function
coefficient (unstandardized) indicates the partial contribution
of each variable in the discriminant function equation. These
values provide information on the relative importance of
each variable and are therefore used to assess each
individual’s variables unique contribution to the discriminant
function equation; hence DFeqn) = (0.054 x RHL) + (0.050 x
RHB) + (-0.010 x RPL) + (0.000 x RPW) + (0.019 x RHI) +
(0.033 x LHL) + (-0.055 x LHB) + (0.030 x LPB) + (0.030 x
LPW) + (-0.035 x LHI) -19.671. Table 8 examined the group
centroids (the group mean of the predictor variables), which
is a function of group membership or classification. As
observed, the male have a group mean of 0.704, while the
females have a group mean of -0.704. Hence functions at
group centroids with a group mean near to a centroid is

predicted to belong to that group (i.e. close to 0.704 as male,
while -0.704 as female). Once the discriminant functions are
determined groups are differentiated, the utility of these
functions can be examined via their ability to correctly
classify each data point to their a priori groups. Again in
Table 9, classification function coefficients also known as
linear discriminant functions were presented. Classification
functions derived from the linear discriminant functions are
used to achieve this purpose. This is expressed as C, = Cyo+
CiuX1 + Co X o +...+ CnXin. Where Cy is the classification
score for group k and C is the Coefficient. These coefficients
are presented for each parameters accordingto sex (Table 9).
The Left Hand Length (0.60) as well as the Right Hand
Length (0.50) are the variables with the highest prediction
strength for group membership classification, with the least
being Right Hand Breadth (0.001). According to the
classification summary as presented in Table 10, 73.5% of
the hand parameters measured were ab initio correctly
classified according to sex; however, upon cross validation,
70.5% of the grouped cases therefore accurately classified.

3.RESULTS
The study has its focus on gender determination using hand
parameters (dimensions) of males and femaes of Igbo
origin, in South Eastern Nigeria. Often time, skull and pelvic
bones are used in sex determination due to the fact that they
give relatively more accurate predictions.
When a substantive amount of the human skeletal remains
are available, sex can easily be determined especially when
they arein good condition. >3
Findings made showed that male Igbos have longer hand
length with a shorter hand breadth, while females on the
contrary have shorter hand length with awider hand breadth.
Differences between sexwere significant at P< 0.05 between
the male and female right as well as the left hand length
using paired sample t-test.
Discriminant function analysis (DFA) as used evaluated the
predictability of the model of which 70.5% of the measured
parameters were correctly classified. This is relatively weak
athough can be used with caution considering other sex
discriminating parameters that may be available aside hand
parameters. However, the strength of any DFA model liesin
its ability to classify over 80% of the measured parameters
into group membership; with a better prediction for female
(36.5%) compared to the males (34.0%). Previous studies by
Eshak et al. (2011) also reported sexual dimorphism in hand
bone length among many nationalities ** . Kanchan and
Rastogi (2009) &also observed considerable sexual
dimorphism in the morphometric parameters of the hand in
Indian population. Also findings made was aso in line with
those of Manning et al. (2000) ** who observed differences
in Hand Length, Hand Breadth, Pam Length and Hand
Index between male and female *°.
On the contrary, Numanet al. (2013) reported to have
observed no gender difference in the Hand Length of Igbos
2780
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16 Hausas as well as the Yorubas. However, with the
advancement in modern technology, DNA analysis is
employed in sex determination which has greatly simplified
forensic investigations. Owing to the high cost of DNA
technology, anthropometry therefore remains a cheaper and
easily available dternative in forensic investigations
especially in developing countries.

4. DISCUSSION

The current study evaluated the hand dimensions of mae
and female Igbo subjects. Hand length (HL), Hand Breadth
(HB), Palm Length (PL), Palm Width (PW) and Hand Index
(HI) were measured. The male right HL was significantly
higher than those of the females, while the female left HL
was significantly higher than those of the males. Other
parameters measured showed varying degrees of differences,
but were not significant at P< 0.05. However, with DFA (a
better tool for sex categorization), 70.5% of the variables
were successfully grouped according to sex (which is
relatively low in its predictive power). Hence sex can be
estimated among the Igbos of South Eastern Nigeria using
hand dimensions. However, this research will be relevant to
forensic science and physical anthropology. Hence in the
absence of other body parts that can better predict sex, hand
dimensions can offer preliminary identification.
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