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ABSTRACT
	
Several studies have shown the importance of anthropometric measurements as a veritable tool 
in forensic science, crime detection, as well as a means of studying variations in human popu-
lations. The present study focused on using digit lengths and ratio to determine sports skills. A 
total of 270 female subjects comprising of sports and non-sports participants were measured. 
Seventy of which were non-footballer athletes, 100 were footballer athletes, and 100 were non-
sports participants. The second and fourth digits of their right and left hands were measured 
using a digital vernier caliper. The data obtained from the participants were analyzed by SPSS. 
Subjects who participated in football also possessed athletic skills, hence both have similar 
traits. This study has shown that athletic and football skills are similar, as the values obtained 
from the above parameters were not significant at p<0.05. The results showed that digit ratio is 
not a good tool for determining sport skills, as compared to digit lengths (2D and 4D). No dif-
ference was observed between the digit ratio of the sports participants and those of non-sports 
participants. Digit lengths (2D and 4D) were found to be significant determinants of sports, 
with sports groups showing significantly shorter digits. Therefore, the findings of this study 
suggest an association between digit lengths and sporting abilities. 

KEY WORDS: Football; Female footballer athletes; Female non-footballer athletes; Second to 
fourth digit ratio and Nigeria.

INTRODUCTION

Digit ratio is the ratio of the length of the different digits or fingers typically measured from the 
midpoint to the bottom crease where the finger joins the hand to the tip of the finger.1-4 Second 
and fourth digit ratio (2D:4D) is the ratio of the length of the second digit to that of the fourth 
digit. The fourth digit is the ring finger of the human hand and the second most ulnar finger 
located between the middle finger and the little finger. While the second digit is the index finger, 
which is the first finger and the second digit of the human hand.2,5

	 A number of authors have reported correlation between second to fourth digit ratio 
and ethnic diversity, as well as between 2D:4D and gender and testosterone level.6 It was found 
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that females have longer second digit as compared to the fourth 
digit and higher 2D:4D, while the reverse is the case for males.7-9 
This is also associated with height and weight.10 Data from nine 
native populations from different international regions indicated 
large variations in mean 2D:4D between the populations. High 
2D:4D were recorded for participants of native England, Spain 
and Poland, while intermediate 2D:4D values were recorded for 
participants from Hungary, Germany and India; a low 2D:4D 
values were observed for participants from South Africa, Ja-
maica and those of Finland. Males tend to have a lower 2D:4D 
compared to females. Many females from the low 2D:4D popu-
lations had lower ratios than males from the high 2D:4D popula-
tions.6

	 In Nigeria, there was no significant difference in digit 
ratio between the Yoruba and Igbo ethnic groups, but a signifi-
cant difference in digit ratio between the males and the females 
of each ethnic group has been reported, as the males have higher 
digit ratio compared to the females.11 However in another study, 
the Urhobo and Igbo ethnic groups of Nigeria were compared, 
the result indicated that digit ratio varies according to ethnic 
group. Among the Igbos and Urhobos, males have shorter digit 
ratio than the females.12 

	 Low 2D:4D has been reported to be associated with 
faster skiing speed on a timed downhill slalom run, even after 
the effects of sex, age and skiing experience were removed.13 
The 2D:4D digit ratio is regarded as a physiological marker for 
the prenatal concentration of the sex hormones; testosterone and 
estrogen which organizes the architecture of the body and brain, 
and the distribution of the hormones receptors.14

	 When testosterone increases in later life it activates 
these pre-existing structures, because pre-natal testosterone 
is stable. It follows that it can be adequately measured at any 
time as opposed to blood or saliva testosterone which fluctu-
ates diurnally and can be significantly influenced by many vari-
ables.15,16 This was first indicated by the clear sexual dichotomy 
of 2D:4D, with men having lower ratios compared to women. 
This coincides with the occurrence that women prenatally have 
a higher ratio of estrogen to testosterone while men prenatally 
have a higher ratio of testosterone to estrogen and therein lays 
the significance of digit ratio. A low digit ratio is associated with 
high prenatal testosterone and low estrogen while a high digit 
ratio is associated with low prenatal testosterone levels and high 
estrogen levels. The specific reason for this sex hormone influ-
ence upon 2D:4D digit ratio is that: “Testosterone appears to 
stimulate the prenatal growth of the fourth digit while estrogen 
promotes the growth of the second digit”.17 Further evidence for 
this digit specific relationship with prenatal sex hormones comes 
from the finding that the fourth digit appears to be more sensi-
tive to androgens than the second digit; this is evident because 
it is far more likely to have hair growing on the middle segment 
(phalanx 2) of the digit. Hair on this same segment of the second 
finger is far less likely. Hair growth in this position is dependent 
on testosterone and more specifically the metabolically active 

form of testosterone, dihydrotestosterone (DHT). Winkler and 
Christiansen found hair growth on the phalanx 2 of fingers to be 
positively related to testosterone. The phalanx 2 hair growth is 
the least on the second finger of the whole hand which suggests 
that it is less sensitive to testosterone and more sensitive to es-
trogen.18

	 It has also been found that there is difference between 
which hand is being measured. The concentrations of vari-
ous hormones in men and women have been found to be more 
strongly represented in the right hand than in the left hand.17,19

	 It may be that digits lengths on the right hand are more 
sensitive to early androgen exposure than those on the left.20-23 
The occurrence of the lateralization of hands in the expression 
of testosterone/estrogen concentrations taken from the ventral 
surface of the hands, showed lower ridge counts and pattern in-
tensity in right hand compared to left where testosterone is low, 
as in women,24-26 and higher ridge counts and pattern intensity 
in the right hand compared to the left hand when testosterone 
concentrations are high, as in males.27

	 These ‘dermatoglyphic’ patterns are fixed before the 
nineteenth week in-utero, therefore suggesting relationships 
between prenatal androgens and the formation of the epidermis 
and dermis upon the hands. Hormones other than testosterone 
and estrogen that have been found to be associated with digit 
ratio also show hand lateralization. Concentrations of luteiniz-
ing hormone and prolactin which are positively correlated with 
2D:4D digit ratio, are also expressed more strongly in the right 
hand.17

	 The biological occurrence that links 2D:4D to prenatal 
sex hormone is when a fetus is exposed to prenatal testosterone 
from two sources: The fetal testes and the adrenal glands. The 
main source of prenatal estrogen comes from the placenta and 
the adrenal glands through the aromatase conversion of testos-
terone from the maternal blood stream.28 The developmental dif-
ferentiation of fetal gonads is greatly influenced by these fetal 
sources of steroids.29 The differentiation of the fetal gonads is 
controlled by the homeobox or Hox genes.30 In particular, the 
posterior most Hox-d and Hox-a genes are strongly expressed 
in the urino-genital system including the gonads; however, these 
genes are also required for the growth and differentiation of dig-
its and toes.20 This common control of the differentiation of dig-
its and gonads has allowed aspects of gonadal functions such as 
the production of testosterone and estrogen to affect the develop-
ment of the digits.

	 Variation in digit ratio has also been attributed to differ-
ences in the distribution, frequency and sensitivity of androgen 
and estrogen receptors.19 Therefore, 2D:4D can be more specifi-
cally said to repress. 

	 Recently, in an attempt to examine whether circulat-
ing concentrations of sex hormones and sex hormones binding 
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globulin (SHBG) measured in adulthood was associated with 
2D:4D, Muller and colleagues noted weak associations between 
any adult circulating concentration of sex hormone or SHGB 
and 2D:4D. Their results contributed to the growing body of evi-
dence indicating that 2D:4D is unrelated to adult sex hormone 
concentrations.31

	 Published data on sporting ability and 2D:4D has main-
ly focused on male participants. The 2D:4D ratio has been re-
ported to be negatively correlated with testosterone levels and 
positively associated with estrogen levels in adults.32 Studies by 
other researchers 4,6,33,34 have shown that in humans, finger length 
ratio of the index and ring finger (2D:4D) is a sexually dimor-
phic trait. The ratio between the length of the index and the ring 
digit (2D: 4D) may correlate within utero testosterone levels be-
cause, it is sexually dimorphic. From previous studies it could be 
said that professional players have a significantly lower 2D: 4D 
(derived from left and right 2D: 4D) compared with controls.35,36

MATERIALS AND METHODS

Electronic digital calipers (with a resolution of 0.01 mm, an ac-
curacy of 0.03 mm and a repeatability of 0.01 mm) was used to 
measure the subjects’ right and left digit lengths. The subjects 
were given verbal briefing on the nature of the research, mode of 
measurement and procedure. Subjects with normal digits were 
selected at random and no known history of anomalies at differ-
ent stadia and football training fields were seen. 

	 A total of 270 female subjects all in Rivers State were 
selected. This comprised of 70 non-footballer athletes, 100 foot-
baller athletes, and 100 non-sports participants. The participants 
with band of crease at the base of the digit, the second most 
proximal crease were measured. After informed consent was 
obtained from the subjects, measurements were made with the 
digital caliper and the two parameters that were measured in-
clude the right and left second and fourth digits. All measure-
ments were taken in millimeters with caliper.

	 The non-footballer athletes and footballer athletes were 
taken as the sports participants.

RESULTS

Table 1 shows the mean values of 2D, 4D and Digit ratio (2D: 
4D) for the female non-footballer athletes and female footballer 
athletes. The mean values obtained for both right and left digit 
length (2D and 4D) of non-footballer athletes were R2D, R4D: 
68.89±5.63 mm, 69.59±5.68 mm, L2D, L4D: 68.98±5.13 mm, 
69.71±5.65 mm and the digit ratios (2D: 4D) were R2D: 4D; 
0.990±0.044, L2D:4D; 0.988±0.037. The mean values ob-
tained for the right and left digit length (2D and 4D) of foot-
baller athletes were R2D, R4D: 68.34±5.64, 68.75±5.33, L2D, 
L4D: 68.36±5.96 and 68.69±5.50 and the digit ratios (2D: 4D) 
were R2D: 4D; 0.990±0.050, L2D:4D; 0.995±0.044. The values 
obtained for the non-footballer athletes and footballer athletes 

were similar as there were no significant difference observed 
(p>0.05). This suggests that athletic skill and football skill are 
similar. Those who can play football probably possess athletic 
skills. 

	 Table 2 is for mean 2D, 4D and 2D: 4D of females 
who were good in athletics (non-footballer athletes) and those 
who were not good in any sports (non-sports participants). 
The mean values obtained for both right and left digit lengths 
(2D, 4D) of non-sports participants were R2D, 4D: 71.69±6.39 
mm, 72.05±6.49 mm, L2D, 4D: 70.90±6.88 mm, 71.64±6.29 
mm and the digit ratios were R2D: 4D; 0.995±0.033, L2D:4D; 
0.989±0.035. When the mean values obtained for the female 
non-footballer athletes and the female non-sports participants 
were compared, it was found that the non-sports females had 
longer second and fourth digit length than their counterparts 
who are good in athletics (non-footballer athletes) (p<0.05). The 
difference were significant in both hands of the groups (p<0.05). 
The digit ratio (2D: 4D) was however, not significantly differ-
ent (p>0.05). Thus (2D: 4D) may not be useful in differentiating 
non-footballer athletes from non-sports females.

	 Observations in table 2 were similar to those of Table 
3. When the mean values of the female footballer athletes were 
compared with those of non-sports participants, significant dif-
ferences were observed in 2D and 4D in both hands of the two 
groups with female footballer athletes showing shorter 2D and 
4D lengths (p<0.05) than non-sports participants females. The 
2D: 4D ratio was however, not significantly different between 
the groups (p>0.05). Observations from the present study have 
shown that females with sport skill (non-footballer athletes and 
footballer athletes) possess similar traits and hence similar sec-
ond and fourth digits lengths. These observations were the same 
in both hands. Their digit ratios were equally similar, although 
not a good indices when comparing different sport skills.

DISCUSSION

From this study, it was observed that digit ratio in females can-
not be a good criterion in distinguishing sports participants from 
non-sports participants because no significant difference was 
observed between the two. This is consistent with the finding of 
Sudhakar et al37 who noted among males, but not female swim-
mers a significantly (p<0.05) lower 2D:4D ratio.

	 Also from the similarities in low digit ratio of sports 
participants, it could be deduced that footballer athletes can also 
participate in athletics due to their low digit ratio. On the other 
hand, digit length can be used to distinguish between sports and 
non-sports participants, as sports participants presented low sec-
ond and fourth digit length compared to non-sports participants. 
Similarly, low second and fourth finger lengths were related 
to increased female sports ability and it may predict potential 
sports ability. This is in agreement with the findings of Arthur 
and colleagues; Bouchardm, Malina et al.5,38 The present study 
revealed that females with sports skills possessed similar second 
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Table 1: Descriptive Statistics and Z-test Comparing 2D, 4D and Digit Ratio 
(2D:4D) for Female Non-Footballer Athletes and FemaleFootballer Athletes at 
p<0.05.

Parameters Non-footballer athletes  
Mean±SD

Footballer athletes 
Mean±SD Z- test

R2D (mm) 68.89±5.63 68.34±5.64 0.63

R4D (mm) 69.59±5.68 68.75±5.33 0.97

R2D:4D 0.99±0.044 0.99±0.050 0.00

L2D (mm) 68.98±5.13 68.36±5.96 0.73

L4D (mm) 69.71±5.65 68.69±5.50 1.17

L2D:4D 0.99±0.037 1.00±0.044 0.11

n=70 n=100

R=Right, L=Left, D=Digit, SD=Standard deviation, n=Sample size

Table 2: Descriptive Statistics and Z-test Comparing 2D, 4D and Digit Ratio 
(2D:4D) for Female Non-football Athletes and Non-Sports Females at p<0.05.

Parameters  Non-footballer athletes
  Mean±SD

Non-sports female
  Mean±SD Z- test

R2D (mm) 68.89±5.63 71.69±6.39 3.02

R4D (mm) 69.59±5.68 72.05±6.49 2.62

R2D:4D 0.99±0.044 1.00±0.033 0.79

L2D (mm) 68.98±5.13 70.90±6.88 2.08

L4D (mm) 69.71±5.65 71.64±6.29 2.09

L2D:4D 0.99±0.037 0.99±0.035 0.18

n=70 n=100

R=Right, L=Left, D=Digit, SD=Standard deviation, n=Sample size

Table 3: Descriptive Statistics and Z-test Comparing 2D, 4D and Digit Ratio (2D:4D) for Female Football 
Athletes and Non-Sports Females.

Parameters Female footballer athletes 
Mean±SD

Non- sports females      
Mean±SD Z- test Significant difference

R2D (mm) 68.34±5.64 71.69±6.39 3.93 Yes

R4D (mm) 68.75±5.33  72.05±6.49 3.93 Yes 

R2D:4D 0.990±0.050 0.995±0.033 0.79 No 

L2D (mm) 68.36±5.96 70.90±6.88 2.79 Yes 

L4D (mm) 68.69±5.50 71.64±62.29 3.53 Yes 

L2D:4D 0.995±0.044 0.989±0.035 1.09 No

 n=100  n=100

R=Right, L=Left, D=Digit, SD=Standard deviation, n=Sample size

and fourth digit lengths and similar traits, which is also in agree-
ment with the findings of Manning and Bundred.39 Hence, a rel-
evant criteria in sports selection among female non-footballer 
athletes.

	 Researchers have also reported significant negative 
correlations between digit ratios and sporting abilities in female 
non-football athletes.13,35,40

	 Using a precise radiographic phenotype,40 provided evi-
dence that low 2D:4D is related to increased running and sport-

ing ability in women. The authors postulated that 2D:4D is a 
predictor of potential sports ability and that the understanding of 
the mechanisms underpinning this relationship would give im-
portant insights into musculoskeletal fitness, health and disease. 
This report is not in agreement with our finding since digit ratio 
is not a potential predictor of sporting abilities but digit lengths 
(2D and 4D).

	 The observed differences in the findings above may be 
due to the nature of sport played, wide range of ethnic diversity 
of digit ratios,40 digit lengths as well as method of measurement 
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applied. However, in sporting activities, athletic skills are re-
quired; that is why a good footballer must know how to run in 
addition to his kicking and dribbling abilities in order to win or 
outsmart his/her opponent during competition. 

CONCLUSION

This study was done to determine the second and fourth digit 
ratio of female sports and non-sports participants in Rivers State 
of Nigeria, and to establish a relationship between sporting abili-
ties. The findings of this study suggest an association between 
digit lengths and sporting abilities.
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