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Abstract  

Introduction: There are many features in humans which exhibit sexual dimorphism. A unique feature showing this 
gender differentiation is the ratio of lengths of index and ring fingers. Sexual dimorphism in finger lengths has been 
studied across the globe, wherein ethnic and racial variations in digit ratio have been reported. Our studywas conducted 
in the central Indian population, where no such study was done till now. Aim: To study the prevalence of sexual 
dimorphism in central Indian population using ratio of phalangeal and metacarpal length of index and ring fingers. 
Methodology: This is a retrospective radiological study done on left hand of 42 males and 49 females of age 20 years 
and above. The lengths of phalanges and metacarpals of index and ring fingers were measured on X rays films and their 
ratios were taken and analyzed statistically. Result: There were no statistically significant variations observed in the 
ratios of the index and ring fingers between the two sexes in the data taken from central Indian population. 
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Introduction 

Human hand has been studied since ancient times 
because of intriguing study of palmistry which deals 
with morphological features of hand and has been the 
subject of interest not only in India but also across the 
world. Interest in hand also developed as the finger 
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 seen in 
the ratio of lengths of index and ring fingers of hand. 
Various researchers have worked on index and ring 
finger length ratios in different populations and 
affirmed the existence of sexual dimorphism. We have 
taken this study in central Indian population where no 
such work was done till now. As per the various studies, 
the lengths of ring and index fingers is almost equal in 
females while in males the ring finger is longer [1]. The 
gender differences tend to be larger for the right hand 
than for the left [2,3,4]. The differentiation of digits and  
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gonads has been attributed to the HOX genes which 
therefore indicate that the pattern of digit development 
is related to the function of gonads. There are studies 
which say that sexual dimorphism in ratios of second 
and fourth digits (2D:4D) becomes apparent 2 years of 
age and is established as early as by the 14th week of 
gestation [2] . Also there are studies burdening the cause 
this dimorphism to the exposure of low levels of 
testosterone and high levels of oestrogenduringfoetal 
life [5]. Also there are studies correlating this digit ratio 
with metabolic syndromes like breast cancer, and 
cardiovascular risk factors [6]. This radiographic study 
was done on a small random sample of central Indian 
population and on left hand to exclude any 
environmental influences. 

Materials and Methods 

This retrospective radiological study was done in L.N. 
Medical College, Bhopal (M.P.) representing a small 
random sample of central Indian population. The study 
was conducted on 91 adults (male- 42, Female-49) of 
age group 20 yrs and above. The skiagram of only left 
hand of the subject was considered to exclude bias of 



 August, 2016/ Vol 4/Issue 8                                                                                                                  ISSN- 2321-127X 

                                                                                                                                                                 Research Article   

 

International Journal of Medical Research and Review                           Available online at: www.ijmrr.in  1299 | P a g e  

 

any external environmental influences. Subjects with 
hand deformity or bony pathology of hand were 
excluded. The lengths of phalanges of 2D & 4D fingers 
were taken on the X-ray film from the base of the 
proximal phalanx to the tip of the distal phalanx, with 
midpoint of the base as proximal reference point. The 
ratio of the measured phalangeal length of index finger 
to ring finger was calculated. Similarly the lengths of 
metacarpals of index and ring fingers were also 
measured on the X- ray film from the mid of the base of 
metacarpal to its tip and their ratios calculated. 

The digit ratio (2D:4D) was interpreted as 1.00, if the 
index finger and ring finger were equal; less than 1.00, 
if index finger was shorter than ring finger and more 
than 1.00, where index finger was longer than ring 
finger. The data was entered in Microsoft Excel 
worksheet. Descriptive statistics and student t test was 
applied. Level of significance was kept at 5%. 
(p<0.05).The Student t testwas done to see significant 
differences in means of Index/ring finger phalange ratio 
and Index/ring finger metacarpal ratio in both the sexes.  

Observations 

In a sample size of 91 adults comprising of 42 males (46.15%) and 49 females (53.85%), the mean index/ ring finger 
metacarpal ratio in males was found to be 1.13 with a standard deviation of 0.107 (Table-1). In females this ratio was 
found to be 1.17 with a standard deviation of 0.123 (Table-2). The mean index/ ring finger phalangeal ratio in males was 
found to be 0.924 with standard deviation of 0.076 and in females the ratio was 0.952 with standard deviation of 
0.099.The Student t test was done to see significant differences in means of Index/ring finger phalange ratio and 
Index/ring finger metacarpal ratio in both the sexes. No significant difference (p=0.14) was found between the means of 
Index/ring finger phalange ratio in males and females. The difference in the mean values of Index/ring finger metacarpal 
ratio in males and females was not found to be statistically significant (p=0.09) 
 
Table-1: 2D and 4D metacarpal and phalangeal lengths and their ratios among Males 

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 metacarpal 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 palm are 
known as metacarpals which are five in number and are  
subdivided into base, shaft and head. The digits i.e. 
fingers and thumb are formed by small tubular bones  

which are known as phalanx - each finger contains three 
phalanges i.e. proximal, middle and distal while the 
thumb consists of only two phalanges i.e. proximal and 
distal. Various studies have shown that index and ring 
fingers have almost the same lengths in females, while 
the ring finger is longer than the index finger in males 

[1]. In terms of ratio , Index and ring finger length ratio 
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 intra-uterine 
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 to 
ascertain gender on the basis of hand. Many prospective 
and retrospective studies have been under taken where 
in researchers have used various techniques to measure 
the phalangeal lengths and 2D:4D ratios. The 
techniques that have been used to measure the lengths 
of these digits include (1) direct measurement of lengths 
of finger from hands by vernier calipers [8,9] ; (2) 
indirect measurement of finger length from 
photocopies/scans [5] and radiographs of hands [10] ; 
and (3) distal extent measurement of the fingertips [9]. 
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 these ratios 
was found to be statistically non significant (p=0.14) , 
however these values suggest that the 2D:4D ratio of 
phalanges is less in males and significantly less in 
females in ourstudy. We also compared the 2D:4D 
metacarpal lengths in both sexes and this ratio was also 
found to be statistically non significant (p=0.09). Since 
no study has been conducted on metacarpals, this ratio 
cannot be commented upon.  
 
Some studies have attributed the ratio differences 
between the right and left hands to handedness and 
relative speed of hand performance [11]. We conducted 
this study on left hands to eliminate the above 
mentioned factors. Gobrogge et al have stated that the 
digit ratios are influenced by genetic and non-shared 
environmental effects. Evolutionary relevance has also 
been attributed to variation in 2D:4D because of its 
association with fitness components [12]. Oladipo et 
alstudied the digit ratio in two ethnic groups of Nigerian 
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 higher 
values than females (P < 0.05) [13]. But they did not 
study correlation between various parameters.  Geetha 
et al conducted a study on 2D:4D digit ratio in western 
Indian population and concluded presence of sexual 
dimorphism in the digit ratios.However they measured 

the lengths of the digits by direct measurement using 
vernier calipers [14]. Jain et al studied sexual 
dimorphism in 2D:4D digits in north Indian population 
and they also found the existence of gender difference 
but their method of evaluation was also limited to direct 
measurement by scale and by scanner [15]. There was 
no radiological assessment done in both these studies. 
Agnihotri et al conducted study in 2015 on Indo-
Mauritian population. They measured ratios between 
the lengths of second, third, forth and fifth digits of 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 population with 
a sample size of 115, concluded that 2D:4D values in 
both hands were lower in males than in females with 
stastically significant difference in the right hand (p < 
0.05) [17]. Our study which was conducted in central 
Indian population included only left hand of the 
sampled 92 subjects and it showed no statistically 
significant difference in the 2D:4D ratios of male and 
female. This can be attributed to the fact that a different 
population group was studied and the hypothesis by 
some of the studies that right hand tends to show more 
significant ratio difference than left hand [18]. 

Conclusion 

The study conducted on the ratio of phalanges and ratio 
of metacarpal lengths of second and fourth digits in 
central Indian population showed no statistically 
significant variation between the two sexes. All other 
studies done on different set of populations, have shown 
sexual dimorphism, whereas our study based on central 
Indian population did not show such variation. Since the 
results in central Indian population are contradictory to 
those evident in other regions and our study being the 
first to be conducted in this particular population, we 
conclude that further studies are needed to establish 
firm grounds. 
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