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Background: Identification is one of the cornerstones in forensic investigations. Prediction of
stature represents a vital parameter for reaching the partial identification of an unidentified body;
moreover, gender determination of the body can exclude half of the population. Aim of the
study: To assess the middle finger length as a predictor of stature and gender. Methods: A
cross-sectional study was conducted on a sample of medical students who attended the
Department of Forensic Medicine and Clinical Toxicology, Faculty of Medicine, Ain Shams
University, after obtaining ethical clearance from the ethical committee. Data on age, gender,
height, and middle finger length were collected. Results: The total number of participants in this
study was 200 (100 males and 100 females) aged from 18 to 25 years. There was a positive
correlation between middle finger length (MFL) and stature in both males and females. As
regards gender determination, the most sensitive variable was left middle finger length (L MFL)
with 100% sensitivity (and the most specific and accurate test was right middle finger length (R
MFL) with 65% specificity. Conclusion: The study of middle finger length can help in stature
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Abstract

and gender estimation among the Egyptian population.
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Introduction

field. It is widely known that only parts of the body

may be found in cases such as mass disasters, either
natural or in situations of war, explosions and traffic
accidents or acts of terrorism. Determination of stature
and gender to establish identity in these cases becomes
a challenging task (Kanchan et al., 2010).

Prediction of stature represents a vital factor to
obtain the partial identification of an unknown body or
separated limbs from the body (Jasuja and Singh,
2004), also determining gender of the body remains
helps in decreasing the number of victims matches as it
excludes half the population (Swami et al., 2013).

It is well-known that equations used for stature
determination in one population could not be
dependably applicable to another population. There
would be errors in calculation of stature of the very tall
or short individuals of the population (Duyar et al.,
2006).

Consequently, previous studies on stature and
gender estimation cannot be generalized to other
populations due to genetic and environmental
differences, so it becomes mandatory to have methods
for stature and gender estimation to each ethnic group
(Khan et al., 2016).

Several studies were done to determine stature
and gender from hand length and foot length but only
few studies were carried out on finger lengths.
Although, a significant correlation of the middle finger
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length with the stature and gender was revealed
(Koulapur et al., 2017).

In the present study an effort has been made to
investigate the utility of middle finger length as a
predictor of stature and gender.

Subjects and Methods

This cross-sectional study was carried out on
medical students who attended the Forensic Medicine
and Clinical Toxicology Department, Faculty of
Medicine, Ain Shams University. The study was
authorized and approved by the local research ethics
committee of the faculty of medicine, at Ain Shams
University by ethical clearance (R138/2022). All
participant students informally consented to participate
in this study.

Inclusion criteria: The current study sample
included 200 adult Egyptian students (100 males and
100 females) between 18 and 25 years old.

Exclusion criteria: Extremes of stature and those
with any deformity including hand, axial skeleton, or
lower limb.

Socio-demographic data including age and
gender was collected.

Height measurement: Participants were asked to
stand in an upright position barefooted, arms beside
their thighs and heels in contact with each other.
Shoulders, buttocks, and heels were in contact with the
wall. The head was positioned in the Frankfort plane.
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Stature (distance between the vertex and the floor) was
measured.

Finger length measurements: The subjects sit
comfortably in an upright position with their hands on
a flat surface, the fingers had to be close to each other
and extended, and the palm confronting upwards then
with a Vernier caliper the middle finger length was
measured from the proximal mid-point to the tip of the
finger. Measurements were taken from the right and
left sides.

For all participants, the same method was done.
All measurements were taken in centimeters and by
one observer to avoid bias, repeated three times and a
mean value was taken.

Statistical analysis: The collected data
statistically analyzed by using SPSS. Qualitative data
was described by using number and percent.
Quantitative data expressed as Mean and standard
deviation. Independent t-test was used as a test of
significance. Both linear regression analysis and
Spearman correlation coefficients were used to study
the relation between studied variants.

Results
The present study included 200 subjects, 100 of whom
were males and 100 were females. The age of the
studied students ranged from 18 to 25 years (20.96 £
1.89 years) as shown in table (1) and figure (1).
Regarding the stature, it ranged from 150 t0193
cm (meanz SD; 170.02 +£10.12 cm). The right middle
finger length (R MFL) ranged from 6.5 to 9.5 cm (7.94
+ 0.56 cm). The left middle finger length (L MFL)
ranged from 6.7 to 9.4cm (8.01 + 0.53) (Table 2).

In females, the R MFL ranged from 6.5 to 8.7
cm (7.66 £ 0.47 cm) and the L MFL ranged from 6.7 to
8.7 cm (mean £ SD: 7.68 £0.45cm). In males, the R
MFL ranged from 7.2 to 9.5 cm (mean £ SD: 8.22 +
0.50 cm) and the L MFL ranged from 7.7 to 9.4 cm
(8.30 = 0.42 cm). The MFL differed significantly for
both males-females’ values (P<0.05) in both hands.
The average MFL was found to be greater in males
than females (Table 3 and Figure 2).

There was positive correlation between MFL
and stature in both males and females by using
Spearman correlation coefficient (Table 4; figures 4-9).

The univariate linear regression analysis shows
that there was statistically significant association found
between stature and R MFL and L MFL. Also, the
multivariate linear regression shows that the L MFL
was found the most important predictor for stature
(Table 5).

The equation for stature estimation from R MFL was:
Stature = 67.713+ (12.885 x R MFL) (Table 6)
The equation for stature estimation from LMFL was:
Stature = 57.508+ (14.192 x L MFL) (Table 7)

The calculated values in (Table 8) represent the
threshold above which an individual is classified as
male and vice versa. The most sensitive variable that
differentiates between gender was L MFL 100%
sensitivity and the most specific and accurate test (less
false positive) was R MFL specificity 65%

ROC curves for prediction of male gender
using: right MFL (AUC = 0.790, sensitivity = 83%,
specificity = 65%); using left MFL (AUC = 0.840,
sensitivity = 100%, specificity = 55.88%) (Figure 3)

Table 1: distribution of age and gender among studied subjects

No.= 200
Mean+SD 20.96 + 1.89
Age (years)
Range 18-25
Female 100 (50.0%)
Gender
Male 100 (50.0%)
SD: standard deviation
Table 2: Distribution of stature and middle finger length (MFL) of studied subjects
No.= 200
Mean+SD 170.02 £ 10.12
Stature(cm)
Range 150 - 193
MeanzSD 7.94 +0.56
R MFL (cm)
Range 6.5-9.5
Mean+SD 8.01 +0.53
L MFL (cm)
Range 6.7-9.4

SD: standard deviation; R MFL: right middle figure length; L MFL.: left middle figure length
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Table 3: Independent t-test statistical analysis to compare MFL in male and female studied subjects
Gender
Female Male Test valuee P
No.= 100 No.= 100
Mean+SD 7.66 £ 0.47 8.22 £ 0.50 .
RMFL (cm) Range 6.5_8.7 72-95 -8.154 0.000
Mean+SD 7.68+£0.45 8.30 £ 0.42 .
L MFL (cm) Range 6787 77-94 -8.593 0.000

SD: standard deviation; R MFL: right middle figure length; L MFL: left middle figure length; P-value > 0.05: Non-
significant; P-value < 0.05: Significant; P-value < 0.01: Highly significant ***

Table 4: Spearman correlation coefficient between stature in relation to left and right MFL in male and female

samples
Stature
All Cases Males Females
r P r P r P
R MFL 0.680 0.000*** 0.628 0.000*** 0.421 0.000***
L MFL 0.723 0.000*** 0.606 0.000*** 0.352 0.003***

R MFL: right middle figure length; L MFL: left middle figure length; r: Spearman correlation coefficient; P-value > 0.05:
Non significant; P-value < 0.05: Significant; P-value < 0.01: Highly significant ***

Table 5: Univariate and multivariate linear regression analysis of the studied subjects

Univariate Multivariate

Unstandardized | Standardized Unstandardized | Standardized

Coefficients Coefficients t Sig. Coefficients Coefficients t Sig.

B SE Beta B SE Beta
(Constant) | 67.713 | 7.115 9.517 | 0.000*** | 57.358 | 8.492 6.755 | 0.000***
R('C\an)'- 12.885 | 0.894 0.716 14.415 | 0.000%** | -7.285 | 4.586 0391 | -1588 0.114*
(Constant) | 57.508 | 8.536 6.737 | 0.000***
L(E"r:)'- 14192 | 1.063 0.743 13.350 | 0.000%** | 21.470 | 4.702 1.123 4566 | 0.000%**

R MFL: right middle figure length; L MFL: left middle figure length; P-value > 0.05: Non significant*; P-value < 0.05:
Significant**; P-value < 0.01: Highly significant ***

Table 6: Regression Formula for stature estimation from RMFL in studied subjects

Unstandardized Standardized
Coefficients Coefficients t Sig.
B SE Beta
(Constant) 67.713 7.115 9.517 0.000***
R MFL(cm) 12.885 0.894 0.716 14.415 0.000%***
R MFL: right middle figure length; Y=By+BX;, Y= 67.713+ (12.885*R MFL); SE: standard error
Table 7: Regression Formula for stature estimation from LMFL in studied subjects
Unstandardized Standardized
Coefficients Coefficients t Sig.
B SE Beta
(Constant) 57.508 8.536 6.737 0.000***
L MFL(cm) 14.192 1.063 0.743 13.350 0.000***
L MFL: left middle figure length; Y=By+Bx,, Y=57.508+ (14.192*L MFL); SE: standard error
Table 8: Sensitivity and specificity of R MFL and L MFL to identify male and female in studied subjects
Variable Cut point AUC Sensitivity Specificity +PV -PV
R MFL(cm) >7.8 0.790 83.00 65.00 70.3 79.3
L MFL(cm) >7.6 0.840 100.00 55.88 72.5 100.0

R MFL: right middle figure length; L MFL: left middle figure length
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Figure 3: Sensitivity and specificity of R MFL and L
MFL to identify male and female in studied subjects.
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Figure 5: Correlation between stature and left MFL in
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Figure 2: Distribution of RMFL and LMFL in males
and females
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Figure 6: Correlation between stature and Right MFL
in male studied subjects
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Figure 7: Correlation between stature and left MFL in

male studied subjects
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Figure 8: Correlation between stature and Right MFL
in female studied subjects
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Figure 9: Correlation between stature and left MFL in female studied subjects

Discussion

Identification of human remains is a sophisticated part
in medicolegal investigation. However, DNA
technology is considered a good method in
identification, but it has its limitations as regard
financial issues and the need of a qualified technicians.
In mass disasters, finding peripheral parts of the body
is a frequent event. When an individual hand is found,
measurements,  radiological and  osteological
examination of the hand can be used to determine the
main elements of identification as stature, age and
gender (Aboul-Hagag et al., 2011).

Mathematical methods can be used for stature
and gender estimation. Hence, formulas derived from
regression analysis depending on hand dimensions are
considered reliable tools for identification (Ali et al.,
2022). However, those formulas are population specific
(Agnihotri et al., 2008).

Although few studies have been conducted in
Egypt (Habib and Kamal 2010; Paulis 2015, Sharaf El-
Din et al., 2016), it is essential to highlight that the
Egyptian population exceeds 100 million; they have
wide population diversity due to wide variation in
geographical regions and their specific characteristics;
also due to variations in socio-economic, cultural, and
environmental factors.

In the current study, the mean values of stature
and length of middle finger in male subjects is higher
than female subjects in both right and left hands, this is
in agreement with other studies in Egypt (Ali et al.,
2022 ; Paulis, 2015), India (Krishan and Sharma, 2007;
Rastogi et al. 2008), Malaysia (Moorthy and Zulkifly,
2015), Turkey (Ozaslan et al., 2012), Sudan (Ahmed,
2013) and Saudi Arabia (Kornicieva and Elelemi,
2016). This can be explained by that the fusion of
epiphyses is earlier in females than in males by two
years (Ali et al., 2022).

In our study there was a positive correlation
between the length of the middle finger and estimation
of stature for both males and females. This is in
agreement with Katwal et al. (2017) who found a
strong relation between middle finger length and
stature in males and females among a group of
Nepalese population. Also Ahuja et al. (2018) in their
study for estimation of stature from different fingers
concluded that middle finger is more reliable for the
estimation of stature. Moreover, Rastogi et al. (2008),
Rhiu and Kim (2019) and Verghese et al. (2010) found
that middle finger length can be considered as an
important method for determination of height in both
genders.
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In another study by Shivakumar et al. (2011),
they confirmed that middle finger length is strongly
correlated with stature in people of Karnataka region in
south India.

Koulapur et al. (2017) in the study performed in
North Karnataka region of India reported a strong
relationship between MFL and stature in both genders,
but the equations in our research are distinctive from
their study.

The regression equation obtained in the present
study for all cases is:

1) Stature = 57.508+ (14.192 x L MFL)

2) Stature = 67.713+ (12.885 x R MFL)

That in comparison with Koulapur et al. (2017) the
equation was:

1) Stature= 81.187+(11,188 x LMFL)

2) Stature= 80.612+ (11.272 x RMFL)

In a study performed in Egypt by Ali et al.
(2022) it was evident that stature was significantly
correlated in both genders to hand dimensions; this
study was performed in Ismailia and they recommend
further studies of other geographical regions in Egypt
in order to have a biological specific Egyptian
Standard.

Gender determination is considered a main step
in the identification of an individual especially in mass
disasters and in ethnic studies by a forensic
investigator. Sexual dimorphism can be determined by
the length of fingers so anthropometric measurements
of the hand small bone become a precious method for
gender determination (Abd-Elazeem and Yousef, 2013)

As regard gender determination in our study, the
middle finger is longer in males than in females.
Morphological gender differences in fingers length
have been illustrated in different studies as in Aboul
Hagag et al. (2011), Habib and Kamal (2010) and
Kanchan et al. (2010). The mean of middle finger
length in the present study was 7.66 + 0.47 in RMF in
females and 8.22 + 0.50 in males while the mean in
LMF in females was 7.68 = 0.45 and in males was 8.30
+ (0.42 that in comparison with Iroanya et al. (2020) in
which the mean values were RMF 7.48+0.65 in
females and 8.1 + 0.64 in males while LMF 7.5 £+ 0.67
in females and 8.17+0.67 in males and this slight
variation can be attributed to influence of population
and ethnic variability.

In Hafez and Shahin (2021) study, they found
that finger length is a good discriminator of gender and
it is superior to fingers ratio or hand index.

Identification of gender in the present study by
middle finger length was evaluated by ROC curve
analysis and determination of the AUC. A cut off point
> 7.8 in right hand and > 7.6 in left hand were
indicative of males while a cutoff point < 7.8 in right
hand and < 7.6 in left hand is indicative of females.

These are in partial agreement with previous
studies as Abd-Elazeem and Yousef (2013) in which
they concluded that the study of fingers length could
help in gender determination among Egyptian
populations and they reported that left middle finger
was the most accurate and specific with 83%
specificity and 79% sensitivity, while right middle

finger with specificity 69% and sensitivity 78%. These
values are different from our study results in which left
middle finger specificity 55.88% and sensitivity 100%
while right middle finger with specificity 65% and
sensitivity 83%.

Although the extent of variability between
studies and population groups in gender determination
from finger length, our research confirms the
observations of others that finger length can be a
predictor of gender.

Conclusion

In the current study, the length of middle finger
was found as an effective tool in determination of
stature in both genders, regression equations were
obtained to assess stature from length of middle finger,
also we found that middle finger length can be utilized
as an indicator of gender.

Recommendations

Further studies using larger sample size in
different areas in Egypt are mandatory in order to
validate the utilization of middle finger length in
gender and stature determination for forensic
investigations.
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