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Abstract

Introduction: There are many features in humans which exhibit@esimorphism. A unique feature showing this
gender differentiation is the ratio of lengths nfléx and ring fingers. Sexual dimorphism in finggrgths has been
studied across the globe, wherein ethnic and raeiaétions in digit ratio have been reported. Guidywas conducted
in the central Indian population, where no suchdgtwas done till nowAim: To study the prevalence of sexual
dimorphism in central Indian population using ratib phalangeal and metacarpal length of index ang fingers.
Methodology: This is a retrospective radiological study dondlefhhand of 42 males and 49 females of age 20syear
and above. The lengths of phalanges and metacarpeidex and ring fingers were measured on X fdys and their
ratios were taken and analyzed statisticaRgsult: There were no statistically significant variatiooisserved in the
ratios of the index and ring fingers between the $&xes in the data taken from central Indian paijmn.
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I ntroduction

Human hand has been studied since ancient times
because of intriguing study of palmistry which deal
with morphological features of hand and has been th
subject of interest not only in India but also asrdhe
world. Interest in hand also developed as the finge
lengths were found to exhibit sexual dimorphism.
Although there are many obvious anatomical and
morphological differences between males and females
a unique feature of sexual dimorphism has been iseen
the ratio of lengths of index and ring fingers afnl.
Various researchers have worked on index and ring
finger length ratios in different populations and
affirmed the existence of sexual dimorphism. Weehav
taken this study in central Indian population whace
such work was done till now. As per the variouslss,

the lengths of ring and index fingers is almostadn
females while in males the ring finger is longef. [The
gender differences tend to be larger for the riggotd
than for the left [2,3,4]. The differentiation afyits and
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gonads has been attributed to the HOX genes which
therefore indicate that the pattern of digit depehent

is related to the function of gonads. There arelistu
which say that sexual dimorphism in ratios of secon
and fourth digits (2D:4D) becomes apparent 2 yeérs
age and is established as early as by the 14th week
gestation [2] Also there are studies burdening the cause
this dimorphism to the exposure of low levels of
testosterone and high levels of oestrogenduringfoet
life [5]. Also there are studies correlating thigitiratio

with metabolic syndromes like breast cancer, and
cardiovascular risk factors [6]. This radiograpktady
was done on a small random sample of central Indian
population and on left hand to exclude any
environmental influences.

Materials and M ethods

This retrospective radiological study was done iN.L
Medical College, Bhopal (M.P.) representing a small
random sample of central Indian population. Thelptu
was conducted on 91 adults (male- 42, Female-49) of
age group 20 yrs and above. The skiagram of orily le
hand of the subject was considered to exclude dfias
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any external environmental influences. Subjectsh wit
hand deformity or bony pathology of hand were
excluded. The lengths of phalanges of 2D & 4D fisge
were taken on the X-ray film from the base of the
proximal phalanx to the tip of the distal phalamith
midpoint of the base as proximal reference poitite T
ratio of the measured phalangeal length of indegefi

to ring finger was calculated. Similarly the lengtbf
metacarpals of index and ring fingers were also
measured on the X- ray film from the mid of theda$
metacarpal to its tip and their ratios calculated.

Observations

Research Article

The digit ratio (2D:4D) was interpreted as 1.00thié
index finger and ring finger were equal; less thado,

if index finger was shorter than ring finger andremo
than 1.00, where index finger was longer than ring
finger. The data was entered in Microsoft Excel
worksheet. Descriptive statistics and student tt wess
applied. Level of significance was kept at 5%.
(p<0.05).The Studertttestwas done to see significant
differences in means of Index/ring finger phalaraféo
and Index/ring finger metacarpal ratio in both $eaes.

In a sample size of 91 adults comprising of 42 m&E6.15%) and 49 females (53.85%), the mean indeg/finger
metacarpal ratio in males was found to be 1.13 wiitandard deviation of 0.107 (Table-1). In fermdlds ratio was
found to be 1.17 with a standard deviation of 0.(R&ble-2). The mean index/ ring finger phalanga#b in males was
found to be 0.924 with standard deviation of 0.@#fl in females the ratio was 0.952 with standardatien of
0.099.The Student test was done to see significant differences innweaf Index/ring finger phalange ratio and
Index/ring finger metacarpal ratio in both the sexXdo significant difference (p=0.14) was foundviestn the means of
Index/ring finger phalange ratio in males and fessallhe difference in the mean values of Index/fimger metacarpal
ratio in males and females was not found to bésstally significant (p=0.09)

Table-1: 2D and 4D metacarpal and phalangeal lengths and their ratios among M ales

Males- N=42 Mean SD Range

2D metacarpal length 7.06 0.53 6.11-- 8.46
4D metacarpal length 6.30 0.93 5.23--9.04
2D/ 4D metacarpal ratio 1.13 0.11 0.74--1.24
2D phalange length 8.11 0.63 6.81--9.17
4D phalange length 8.81 0.79 5.59--10.26
2D/4D finger phalange ratio 0.92 0.08 0.85--1.37

*2D: Index Finger; 4D: Ring Finger

Table- 2: 2D and 4D metacar pal and phalangeal lengths and their ratios among females

Females- N=49 Mean SD Range

2D metacarpal length 6.62 0.65 5.66--8.54
4D metacarpal length 5.66 0.52 4.69--7.31
2D:4D metacarpal ratio 1.17 0.13 0.95--1.59
2D phalange length 7.56 0.39 6.49--8.95
4D phalange length 8.00 0.71 5.68--9.66
2D:4D phalange ratio 0.95 0.10 0.86--1.35

*2D: Index Finger; 4D: Ring Finger
Discussion

Human hand consists of a palm and five digits (four
fingers and a thumb) — the bones forming the pakn a
known as metacarpals which are five in number aad a
subdivided into base, shaft and head. The digés i.
fingers and thumb are formed by small tubular bones
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which are known as phalanx - each finger contdinset
phalanges i.e. proximal, middle and distal while th
thumb consists of only two phalanges i.e. proxiarad
distal. Various studies have shown that index ang r
fingers have almost the same lengths in femaledewh
the ring finger is longer than the index fingerntales

[1]. In terms of ratio , Index and ring finger lehgatio

is less in males as compared to females (the 2D:4D
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ratio) [7,8] This sexual dimorphism has been burdened
to the exposure to testosterone during early integine
life[5]. The knowledge of existence of sexual
dimorphism exhibited by 2D:4D ratio has been since
longand can play a vital role in forensic studies t
ascertain gender on the basis of hand. Many préaspec
and retrospective studies have been under takerewhe
in researchers have used various techniques toungeas
the phalangeal lengths and 2D:4D ratios. The
techniques that have been used to measure thenéengt
of these digits include (1) direct measurementeafths

of finger from hands by vernier calipers [8,9](2)
indirect measurement of finger length from
photocopies/scans [5] and radiographs of hands J10]
and (3) distal extent measurement of the fingef®s
There are radiographic studies showing 2D:4D
phalangeal measurements but the contribution of
metacarpals has not been studied. We conducted this
study on the central Indian population for sexual
dimorphism in 2D:4D phalanges and also to show
whether the ratio of metacarpals of these fingers
showed any gender differences. The mean of 2D:4D
phalangeal length ratio in males was 0.924 and in
females it was 0.952 and the difference in thetesa
was found to be statistically non significant (a0, ,
however these values suggest that the 2D:4D rdtio o
phalanges is less in males and significantly less i
females in ourstudy. We also compared the 2D:4D
metacarpal lengths in both sexes and this ratio alss
found to be statistically non significant (p=0.08)jnce

no study has been conducted on metacarpals, tis ra
cannot be commented upon.

Some studies have attributed the ratio differences
between the right and left hands to handedness and
relative speed of hand performarité]. We conducted
this study on left hands to eliminate the above
mentioned factors. Gobrogge et al have statedthsat
digit ratios are influenced by genetic and non-stiar
environmental effects. Evolutionary relevance hise a
been attributed to variation in 2D:4D because ef it
association with fitness componerjti?]. Oladipo et
alstudied the digit ratio in two ethnic groups aféfian
population, and found the existence of sexual
differences but no ethnic variation. In 2013, they
showed sexual dimorphism in the ethnic groups of
South Nigerian population, with males showing highe
values than femalesP(< 0.05) [13]. But they did not
study correlation between various parameters. Haeet
et al conducted a study on 2D:4D digit ratio in iges
Indian population and concluded presence of sexual
dimorphism in the digit ratios.However they meadure
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the lengths of the digits by direct measuremennhgisi
vernier calipers[14]. Jain et al studied sexual
dimorphism in 2D:4D digits in north Indian poputati
and they also found the existence of gender difitezre
but their method of evaluation was also limitedliect
measurement by scale and by scanner [15]. There was
no radiological assessment done in both theseestudi
Agnihotri et al conducted study in 2015 on Indo-
Mauritian population. They measured ratios between
the lengths of second, third, forth and fifth dsgitf both
hands and concluded that all finger length had
significant sex differences (p-value <0.05) except
2D:5D and 3D:5D. The 2D:4D ratio was most decisive
ratio with predictive accuracy = 0.6 [16].

Mularczyk et al in their study on polish populatiaith

a sample size of 115, concluded that 2D:4D values i
both hands were lower in males than in females with
stastically significant difference in the right lbbafp <
0.05) [17]. Our study which was conducted in cdntra
Indian population included only left hand of the
sampled 92 subjects and it showed no statistically
significant difference in the 2D:4D ratios of maled
female. This can be attributed to the fact thaifferént
population group was studied and the hypothesis by
some of the studies that right hand tends to shawem
significant ratio difference than left hand [18].

Conclusion

The study conducted on the ratio of phalanges atid r
of metacarpal lengths of second and fourth digits i
central Indian population showed no statistically
significant variation between the two sexes. Aheat
studies done on different set of populations, feh@vn
sexual dimorphism, whereas our study based onalentr
Indian population did not show such variation. Sitize
results in central Indian population are contraaigto
those evident in other regions and our study béieg
first to be conducted in this particular populatiave
conclude that further studies are needed to establi
firm grounds.
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