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RESUMEN 

El objetivo de este estudio fue determinar la 
variación y asociación del índice digital (2D: 4D) de 
los atletas sobre la mano derecha (2D: 4DD), mano 
izquierda (2D: 4DI), el valor medio (2D: 4DM) y la 
asimetría (2D: 4DA) con diferentes disciplinas 
deportivas. 1178 atletas de 25 disciplinas deportivas 
y 29 países se agruparon en cuatro categorías de 
deportes: Resistencia (n = 267, 22,7%), Potencia (n= 
354, 30,1%), Balón (n= 344, 29,2%) y Combate (n= 
213, 18,0%). La medición directa de la longitud de 
los dedos 2D:4D de ambas manos se realizó 
utilizando calibradores digitales electrónicos de 
precisión. Las proporciones de dígitos se calcularon 
para ambas manos. Los principales resultados fueron: 
Entre los grupos con la muestra agrupada por sexos, 
utilizando el ANOVA bidireccional, se encontraron 
diferencias significativas entre el grupo Balón en 
comparación a los tres grupos para 2D:4DL y 
2D:4DM. El grupo de deportes de Pelota fue dividido 
en Oposición vs Cooperación y se observó 
diferencias en 2D:4DI, con mejor promedio en 
oposición. Estos hallazgos sugieren que los deportes 
de pelota se diferencian de otros deportes en relación 
con 2D:4D; principalmente en 2D:4DL y 2D:4DM. 
La no diferencia en 2D:4D entre los grupos de 
Resistencia, Potencia y Combate. Estos resultados 
tienen varias implicaciones importantes en la 
detección y selección de talentos y ayudarán a tomar 
decisiones sobre los programas de formación. 

 

 

Palabras clave: Índice Digital 2D:4D, Deportes de 
Rendimiento, Talentos Deportivos; Clasificación de 
Deportes. 
 

 

 

 

 

 

 

 

  

ABSTRACT 

The aim of this study was to determine the variation 
and association of digit ratios (2D:4D) of athletes on 
right hand (2D:4DR), left hand (2D:4DL), the mean 
value (2D:4DM) and the asymmetry (2D:4DA) with 
different sport disciplines. 1178 athletes from 25 
sports disciplines and 29 countries were grouped into 
four sport categories: Endurance (n= 267, 22.7%), 
Power (n= 354, 30.1%), Ball (n= 344, 29.2%) and 
Combat (n= 213, 18.0%). Direct measurement of 
finger lengths of 2D and 4D fingers for both hands 
were performed using precision electronic digital 
calipers. Digit ratios were estimated to both hands. 
The main results were: Between groups with the 
pooled-sex sample, using the two-way ANOVA, 
significant differences were found among the Ball 
group in relation to the three groups for 2D:4DL and 
2D:4DM. The Ball sports group was split into 
Opposition vs Cooperation and differences are made 
in 2D: 4DI, with better mean in opposition. These 
findings suggest that the Ball sports differ from other 
sports in relation to 2D:4D; mainly in 2D:4DL and 
2D:4DM. The non-difference in 2D:4D between the 
Endurance, Power. These results have several 
implications important in the talents detection and 
selection and, will help to make decisions on training 
programs.   
 

 
Keywords: Ratio 2nd:4th finger, Sports 
Performance, Sports Talent, Sports Classification. 
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INTRODUCTION 
Specific knowledge of physiological and 
psychological capabilities is essential to understand 
the demands of different sports disciplines (Degens et 
al., 2019). No less important is to know the 
appendicular anthropometric traits, especially when 
identifying and classifying young athletes with the 
potential to be successful at the highest level of 
performance (Baker et al., 2013). The ratio between 
the finger lengths of the index finger (2D) to the ring 
finger (4D) is the digit ratio (2D:4D), it has been 
linked to sports achievements and high performance 
(Kilduff et al., 2011; Manning & Taylor, 2001). 
 
In the last decades, evidence has accumulated that 
associates the ratio 2D:4D, physical abilities and 
psychological characteristics in the sport. Likewise, it 
was reported the mean (R+L/2; 2D:4DM) and 
asymmetry (R-L; 2D:4DA), with the prenatal 
influence of sex steroids (Lutchmaya et al., 2004). 
It’s variation sexually dysmorphic has been widely 
studied for more than six decades (Phelps, 1952), 
finding variations in 2D and 4D length between the 
two sexes with a predominance of female until 
puberty (~ 13 years), reversing after in favor of male 
(Manning & Fink, 2018). However, the stability of 
the 2D:4D with the growth is still under study, since 
there are contradictory studies on the matter, 
although sexual dysmorphia (male <female) remains 
regardless of allometric growth (Manning & Fink, 
2018).  
 
Several theories have been proposed to explain 
lateralization, finally, all of them although in a 
different way, include the role of testosterone (T) on 
brain patterns in utero, thus, it can lastly be deduced 
that this hormone might masculinize both the 
physiology, anatomy, and behavior of an individual 
(Fink et al., 2004). A study, in 65 children it was 
evidenced the relationship of dominance with 
prenatal testosterone , measured in amniotic fluid, 
concluding that high levels of prenatal testosterone 
were strongly related to the left hemisphere 
dominance (Lust et al., 2011). 
  
Anatomical patterns such as the 2D:4D are prenatally 
organized and strongly influenced by levels of 
androgenic steroid hormones (Lutchmaya et al., 
2004). T is clearly linked with muscular performance 
(Kilduff et al., 2013), and therefore with athletic 

abilities (Cheung & Grossmann, 2018). Muscular 
performance plays a decisive role when reaching the 
objective in sports competition (Aikawa et al., 2020). 
Muscle strength, a basic physical ability regularly 
developed in athletes regardless of level and sporting 
experience, is related to 2D:4D in both women and 
men (Arazi & Eghbali, 2019). It has been observed a 
negative relationship between muscle power output 
(e.g., jump tests or reaction times) and 2D:4D (Hsu et 
al., 2018; Tambe et al., 2017). In addition, several 
studies have shown the correlation between 
cardiorespiratory fitness markers and 2D:4D (Hill et 
al., 2012; Holzapfel et al., 2016). Though the 
physiological capacities and abilities: strength, 
power, aerobic capacity, and others, are related to 
2D:4D; is need more studies in this line of research.  
 
These abilities help to classify sports to know which 
physical and psychological abilities connect most 
strongly with the relationship between 2D:4D and 
athletic prowess. Various approaches have been 
proposed for a sports classification (Frick et al., 
2017; Matveev, 1991) e.g., one divides the sports into 
open- and closed-skill, which is based on the ability 
to suppress inappropriate actions both planned and in 
progress (Frick et al., 2017; Wang et al., 2013). Other 
is based on the muscle strength component which has 
a broad sports number groups, from those sports with 
static muscle contractions to those with higher 
dynamic contractions (Mitchell, Haskell et al., 2005). 
Matveev's (1991) classification is based on the 
demanding physical capacities and abilities for each 
sport, dividing them into four groups: Endurance, 
Power, Ball, and Combat. Many authors have 
evaluated the association between 2D:4D with 
different physiological, physical, and psychological 
abilities, within specific sport modality (for example, 
Frick et al., 2017; Hsu et al., 2015; de la Cruz-
Sánchez et al., 2015; Longman et al., 2011) . 
 
Therefore, the aim of the present study was 
determining the variation and difference between 
2D:4D with different sport disciplines classified in 
four sports groups according to the Matveev's 
classification. We could not assure certainty what 
association was like, although it was assumed that the 
sports demanding greater physical and psychological 
skills would have the most marked and negative 
differences in digit ratios 2D:4D. 
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MATERIAL AND METHODS 
This cross-sectional study was approved by the 
Bioethics Committee of the University of Caldas 
(CBCS-020-15. Act 015-15). Additionally, based on 
the Declaration of Helsinki (AMM, 2013) and 
Resolution 8430 of the Ministerio de Salud de 
Colombia, participants signed informed consent, and 
for minors informed consent from parents or 
representatives of their sports delegation. 
 
Sample 
 
A non-probability sample selected for convenience 
obtained 1178 athletes (67.2% males), 1073 (91.1%) 
Colombians and 105 (8.9%) participants from 29 
countries and five continents (Africa 5.7%, Asia 
9.5%, Europe 36.2%, Latin America 37.1%, North 
America 11.4%). The Mage= 23, ±9.5 years [min=13 - 
max=73]. Data were obtained during different 
competition periods in Colombia (Medellín, Cali, 
Palmira, and Bogotá). The sample comprised 25 
sports disciplines which were sorted into four groups 
(Matveev, 1991): Endurance (Athletics long 
distances 52.1%, Cycling route 30.7%, Swimming 
long distances 4.1%, Skating races 1.9%, Triathlon 
11.2%). Power (Athletics sprint 69.8%, Cycling track 
7.3%, Swimming sprint 5.1%, Skating 4.2% 
Weightlifting 11.0%, Finswimming 2.5%). Ball 
(Badminton 6.1%, Basketball 23.8%, Baseball 1.2%, 
Soccer 7.6%, Soccer Hall 7.3%, Rugby 8.1%, 
Softball 4.1%, Squash1.5%, Tennis 5.2%, Table 
Tennis 3.5%, Volleyball 31.7%). Combat (Boxing 
10.3%, Fencing 24.9%, Hapkido 18.8%, Judo 9.4%, 
Karate-do 8.9%, Wrestling 18.8%, Taekwondo 
8.9%). The Ball Sports were subdivided into 
Opposition Sports: badminton, tennis, squash, table 
tennis, and Volleyball. Cooperation Sports: 
basketball, baseball, soccer, futsal, rugby. 
 
Inclusion and exclusion criteria 
 
Were included those with: (a) sport age of <5 years 
(b) having competed, at least nationally according to 
their competition standard. As 2D:4D is a stable 
characteristic, ex-athletes of international level 
attending the mentioned events were also evaluated. 
(c) Athletes with malformations, amputations, or 
traumatic injuries were excluded, as an appropriated 
measurement of the fingers is reduced. 
 

Sociodemographic variables 
 
Trough an ad-hoc questionnaire, the following were 
recorded: date of birth, sports age, the dominance of 
the hand, country or state it represents, sport and 
modality, scholarship (number of years approved) 
and the highest level reached. Stature and body mass 
were acquired by self-report, and BMI was calculated 
from the collected data. For all groups studied, right-
hand dominance was prevalent above 90%. 
 
Finger measurements 
 
The length of the index and ring fingers of each hand 
was measured directly from the palms of the hands 
with Vernier-Sata® electronic digital micrometer 
calipers (model: SATA 91511) with an accuracy of 
0.01 mm, following the technique described by 
Manning (1998). This technique was used since most 
of the data was collected directly at the competition 
or training sites. 2D:4D were estimated by dividing 
the length of the index finger by the length of the ring 
finger of each hand. The mean (2D:4DM) between 
hands was calculated by adding the 2D:4DR plus 
2D:4DL and dividing by 2. The asymmetry 
(2D:4DA) between hands was calculated by 
subtracting the 2D:4DL from the 2D:4DR. Two 
repeated measurements were obtained on each athlete 
by trained professionals. Intra and inter-rater 
reliability were calculated against a criterion rater 
(Level III ISAK), finding small systematic errors 
<1.0% intra-rater and <1.5% inter-rater. We follow 
the same procedure made by Ramos et al. (2021). 
 
Statistic analysis 
 
The data treatment was carried out in three phases: 
coding, debug, and filtering of the data through a 
Microsoft Excel 2020 sheet (Redmond, WA, USA). 
The entire statistical study was performed using the 
SPSS statistical package version 24 (IBM Inc., 
Chicago USA). (1) An exploratory inferential 
analysis of the data to detect outliers, and measures 
of central tendency and dispersion were obtained. 
The Kolmogorov-Smirnov test to determine the 
distribution and the Levene´s test to evaluate 
homoscedasticity were used with p> .05. A Brown 
Forsythe test was conducted in case the 
homoscedasticity criterion was not met. (2) A 
statistical significance was established at p <0.05. 
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The effect size was estimated with eta squared (ηp2) 
considering low .01 values, between .02 and .06 
medium, and > .06 high. Pearson’s correlations were 
performed to explore relationships between 
anthropometric variables and digit ratios. (3) Means 
compared analysis One-way ANOVA was used to 
analyze differences in anthropometric variables by 
sex separately, using sports groups as a factor. A 
student t-test (two-tailed) was used when were 
needed comparing the means of two groups (e.g., 
between sex).  A two-way ANOVA [4 (sport group) 
x 2 (sex)] was used for multiple comparisons of 
finger variables. A post hoc Fisher’s LSD test was 
performed to find the main differences and standard 
errors (SE) between sports groups by sex group and 
vice versa. 
 
RESULTS 
Descriptive statistics 
 
There were 1,178 participants in the data set, 386 
women (32.8%), and 792 men (67.2%). Regards to 
the sports groups, there were 267 participating in 
Endurance sports: 34% women and 66% men; while 
354 participated in Power sports: 22% women and 
78% men, 344 did so in Ball sports: 28% women and 
72% men, and finally 213 participated in Combat 
sports: 21% women and 79% men. 
The total sample (Mage= 23.0, ±9.6) the oldest sports 
group was Endurance (Mage= 26.8, ±10.4), while the 

youngest were Power and Combat (Mage= 20.9, ±9.1; 
Mage= 20.7, ±7.9, respectively). The descriptive data 
of age and anthropometric variables are reported for 
each sex in Table 1. Women and men presented 
differences in anthropometric variables across the 4 
groups; the main findings were as follows, women: 
height [F(3, 382)= 11.06, p< .001], body mass [F(3, 
382)= 17.79, p < .001], and BMI [F(3, 382)= 11.65, 
p< .001], in men were: height [F(3, 788)= 49.19, p< 
001], body mass [F(3, 788)= 55,73, p< .001], and 
BMI, [F(3,788)= 16,25, p< .001]. As expected, the 
differences among sports groups in anthropometric 
variables are the product of specific characteristics of 
each sport modality (Leone et al., 2002). 
 
The total sample (Mage= 23.0, ±9.6) the oldest sports 
group was Endurance (Mage= 26.8, ±10.4), while the 
youngest were Power and Combat (Mage= 20.9, ±9.1; 
Mage= 20.7, ±7.9, respectively). The descriptive data 
of age and anthropometric variables are reported for 
each sex in Table 1. Women and men presented 
differences in anthropometric variables across the 4 
groups; the main findings were as follows, women: 
height [F(3, 382)= 11.06, p< .001], body mass [F(3, 
382)= 17.79, p < .001], and BMI [F(3, 382)= 11.65, 
p< .001], in men were: height [F(3, 788)= 49.19, p< 
001], body mass [F(3, 788)= 55,73, p< .001], and 
BMI, [F(3,788)= 16,25, p< .001]. As expected, the 
differences among sports groups in anthropometric

 
                                Table 1. Descriptive data M (±) of the Anthropometric variables according to Sports Groups 
 

 Endurance(267) Power(354) Ball(344) Combat(213) 
Women(n) (90) (155) (97) (44) 
Age[years] 23.9(8.8) 19.5(8.6) 24.6(9.9) 19.6(4.7) 

Body height[cm] 161.9(7.6) 167.0(8.6) 168.3(9.7) 163.3(7.6) 
Body mass[kg] 53.7(7.9) 60.5(11.5) 65.3(13.1) 59.2(8.0) 

Body-mass index[Kg/m2] 20.5(2.3) 21.6(3.1) 22.9(3.4) 22.1(2.1) 
Men(n) (177) (199) (247) (169) 

Age[years] 28.4(11.0) 21.9(9.5) 23.3(8.8) 20.9(8.6) 
Body height[cm] 171.2(7.4) 176.7(9.0) 180.0(10.6) 170.7(9.8) 
Body mass[kg] 63.0(7.4) 72.1(13.3) 75.7(13.0) 63.9(12.1) 

Body-mass index[Kg/m2] 21.5(2.1) 23.0(3.4) 23.2(3.3) 21.8(2.9) 
 
 
variables are the product of specific characteristics of 
each sport modality (Leone et al., 2002). 
 
Entire Sample 
When the means (±) of the whole sample considered 
together was evaluated, it was observed that the 

length of 2DR= 71.58(±5.69), while in the 4DR= 
75.43(5.87), in the left hand, the 2DL= 72.38(5.69), 
and 4DL= 75.10(6.05). Regarding the digit ratios, the 
following values were found: 2D:4DR= 0.950(0.04), 
2D:4DL= 0.964(0.04), 2D:4DM= 0.957(0.03) and 
2D:4DA= -0.015(0.04). 
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Ball sport split: Opposition and Cooperation 
 
Ball Sport was split between Opposition and 
Cooperation (see table 2). The 2D:4D l (left) showed 
differences between opposition and cooperation Ball 
sport, better in sport Opposition.   
 
Table 2. Digit Lengths Ball Sport split between Opposition and 
Cooperation  
 

 Opposition  
M(SD) 

Cooperation 
M(SD) t d 

2D:4DR 0.949(0.04) 0.954(0.03) -1.13 -0.12  
2D:4DL 0.967(0.03) 0.976(0.04) -2.02* -0.22  
2D:4DM 0.958(0.03) 0.965(0.03) -1.95 -0.21  
2D:4DA -0.018(0.04) -0.022(0.04) 0.82 0.09  

    Note: R: Right, L: Left, A: Asymmetry is the difference= R-L.  
*p> .04 
 
 
Differences among sports groups pooled 
 
Table 3 showed the differences among the groups 
derived by two-factor ANOVA's with independent 
variables group (4 levels) and sex (2 levels), and 
dependent variables 2D or 4D or 2D:4D, which 
determined significant differences among sports 
groups in some variables of digit ratios. Post hoc 
Fisher's LSD analysis allowed found that the Ball 
group was significantly different from the other three 
groups (i.e., Endurance, Power and Combat). These 
last three did not establish significant differences 
among them. 
 
 
Sports groups differences in 2D:4D by sex 
  
Table 4 showed the differences between group sport 
segmented by sex. Post hoc Fisher's LSD test 

revealed that in men, the 2D:4DL of the three sports 
groups Endurance, Power and Combat differed 
significantly from the Ball group: [Ball-Endurance, 
p= < .001; Ball-Power, p= .006; Ball ̶ Combat, p= 
.003]. Similarly, in 2D:4DM, the Endurance and 
Power groups differed significantly from the Ball 
group: [Ball-Endurance, p= .012; Ball-Power, p= 
.027]; while, Combat showed only a trend [Ball-
Combat, p= .076]. Likewise, 2D:4DA was 
significantly different between the Combat and Ball 
groups: [Ball-Combat, p= .015], and a trend was 
observed between Endurance and Ball [Ball-
Endurance=  ̶ 0.008, SE= 0.004, p= .056]. No 
significant differences among groups were observed 
in 2D:4DR in the men subsample.  
 
On the contrary, the women subsample exhibited in 
2D:4DR significant differences between the groups 
of Ball and Endurance [Ball-Endurance, p= .028], 
while Power and Combat showed a trend in this 
variable [Ball-Power, p= .095; Ball-Combat, p= 
.067]. In contrast, in 2D:4DL, the women of the Ball 
group differed from their pairs of Power and Combat: 
[Ball-Power, p= <.001; Ball-Combat, p= .002]. And 
there established a trend regards to Endurance: [Ball-
Endurance, p= .090]. In 2D:4DM the three groups: 
Endurance, Power and Combat were significantly 
different with respect to Ball, [Ball-Endurance, p= 
0.019; Ball-Power, p= .003; Ball-Combat, p= .003]. 
The 2D:4DA only showed a trend between 
Endurance and Power, p = .065. 

 

 
Table 3. Digit lengths and ratios among sports groups with the pooled sample M(±) 

 
 Endurance 

(n= 267) 
Power 

(n= 354) 
Ball 

(n= 344) 
Combat 
(n= 213) F p ηp2 

2D:4DR 0.947(0.03) 0.949(0.04) 0.953(0.04) 0.948(0.04) 2.24 .081 0.006 
2D:4DL 0.962(0.03) 0.962(0.04) 0.972(0.04) 0.959(0.03) 8.25 <.001 0.021 
2D:4DM 0.955(0.03) 0.956(0.03) 0.963(0.03) 0.954(0.03) 6.51 <.001 0.016 
2D:4DA -0.015(0.04) -0.012(0.04) -0.020(0.04) -0.011(0.04) 2.15 .092 0.005 

    Note: R: Right, L: Left, A: Asymmetry is the difference= R-L 
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Table 4. Digit ratios among sports groups segmented sample by sex. 
 Endurance (267) Power (354) Ball (344) Combat(213) F p ηp2 
Women(n) (90) (155) (97) (44)    
  2D:4DR 0.950(0.04) 0.954(0.04) 0.962(0.04) 0.950(0.03) 2.24 .081 0.006 
  2D:4DL 0.970(0.03) 0.964(0.03) 0.979(0.04) 0.959(0.03) 8.25 <.001** 0.036 
  2D:4DM 0.960(0.03) 0.959(0.03) 0.971(0.03) 0.954(0.02) 6.50 <.001** 0.031 
  2D:4DA -0.020(0.05) -0.009(0.04) -0.017(0.05) -0.009(0.04) 2.39 0.243 0.011 
Men(n) (177) (199) (247) (169)    
  2D:4DR 0.945(0.03) 0.946(0.04) 0.949(0.04) 0.948(0.04) 0.52 .665 0.002 
  2D:4DL 0.959(0.03) 0.960(0.04) 0.970(0.04) 0.959(0.04) 4.29 <.005** 0.016 
  2D:4DM 0.952(0.03) 0.953(0.03) 0.959(0.03) 0.954(0.03) 2.46 .044* 0.009 
  2D:4DA -0.013(0.04) -0.015(0.04) -0.021(0.04) -0.011(0.04) 2.65 0.063 0.010 

Note: M(±)., 2D:4D: ratio of the second-to-fourth finger length; R=Right, L=Left, M=Mean; A=Asymmetry.  
ηp2= effect size eta squared. **=p<0.01; *=p<0.05 

   
 
DISCUSSION 
We examined whether at least one of the 2D and 4D 
measurement could differentiate sports groups. We 
found that: (1) In the total sample, eliminating the 
effect of sex, the Ball group in relation to the other 
three groups (Endurance, Power, and Combat) 
presented the highest values in all 2D and 4D length. 
(2) The Endurance, Power, and Combat groups, 
which mostly include individual-based sports, did not 
found significant differences among them, suggesting 
that additional to endurance running, other 
physiological and/or psychological abilities associate 
with 2D:4DL and 2D:4DM. (3) By sex, it was 
indicated that in the women, the lowest values in 
2D:4DR, 2D:4DL, 2D:4DM, and the highest in 
2D:4DA were found in the Combat group. While, the 
men, 2D:4DR, 2D:4DL, 2D:4DM presented the 
lowest values in the Endurance group, again, only 
2D:4DL and 2D:4DM achieved significant 
differences in the Ball group. (4) It was confirmed 
that sexual dimorphism is also observed in athletes 
for all measurement.  
 
Sex differences in 2D:4D within sports groups 
 
The Power and Ball groups obtained significant 
differences in 2D:4DR by sex. In the Combat group, 
not significant differences were found, which 
warrants further follow-up. Meanwhile, within the 
Endurance group, men obtained lower values than 
women, but not significantly in all variables, except 
in 2D:4DA. Our results were accord with Manning et 
al. (2007), when observing in men endurance athletes 
the significantly lower than women values (2D:4DL-
M). Other studies have negatively related 2D:4D to 
VO2max in men, mainly on the right hand, since the 
highest VO2max values have been perceived in 

Endurance sports, with a sexually dimorphic 
expression in favor of men  (Lombardo & Otieno, 
2020; Sandbakk et al., 2018). 
 
Differences in 2D:4D among sports groups pooled 
When it was compared 2D:4D digit ratios among the 
four sports groups, independently of the sex effect, 
there were significant differences among the four 
groups in 2D:4DL-M. Also, it was found that the 
Power group yielded the lowest value in 2D:4DA and 
the highest in 2D:4DR-L-M. Studies with sample of 
tennis athletes have reported higher 2D:4D in Ball 
sports than those found in the present study (Hsu et 
al., 2015). The fact that most of the sports modalities 
of Ball group are team-based sports involve varying 
degrees of development in psychological, social 
skills (Arias et al., 2016); physical, and physiological 
abilities, such as aerobic power, anaerobic power, 
muscular power (Degens et al., 2019). In contrast, 
Endurance, Power, and Combat groups which are 
frequently individual sports, their athletes have other 
physiological, for example, greater muscular strength 
and anaerobic energy participation (Longman et al., 
2011); and psychological skills, for example, 
sensation- and/or thrill-seeking behaviors, motivation 
or concentration (Kociuba et al., 2017; Olmedilla et 
al., 2018). 
 
When comparing different sports branches, many 
studies to date have only focused on 2D:4DR and 
2D:4DL (Kociuba et al., 2017; Lombardo et al., 
2018; Tambe et al., 2017), and very few have 
examined 2D:4DM and 2D:4DA. The Ball group 
showed significant differences with the other three 
groups in 2D:4DM, which must be analyzed in 
context with the result in the 2D:4DL, whose value 
was significantly higher in the Ball group. Similarly, 
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this led to the 2D:4DA to have a difference among 
the Ball group with the Endurance and Combat 
groups.  The fact that the Ball group behaves 
differently with respect to the other three groups 
could be explained for characteristics of the team-
based sports must develop cooperative and prosocial 
behavior (Koziel et al., 2016), and this trait is related 
to certain hormone levels. There is a strong link that 
relates low T levels to the less-developed social 
cognitive traits (Crespi, 2016). 
 
Two probable explanations could be suggested in the 
2D:4D within the Ball sports compared to other 
sports disciplines. The first and least likely to arise is 
that the Ball sports might somehow modify the 
2D:4D throughout age, if it is compared that the 
Endurance, Power, and Combat. Some studies have 
linked the 2D:4D changes in school-age children, 
higher on the left hand than the right one (Williams et 
al., 2003). However, Manning & Fink (2018), in a 
recent work, observed in children and adults (≈n> 
89,000) that 2D:4D is not dependent on age.  
 
The second is that somehow a mechanism not totally 
understood so far. The prenatal hormonal profile 
related to androgens and estrogens have effects on 
specific physical and psychological capacities in ball 
sports, such as muscle coordination, which is 
dependent on neuromuscular development (e.g., 
agility) and/or psychological traits such as 
cooperative and prosocial behavior typical of team 
sports (Pepping & Timmermans, 2012). Also, sports 
Ball have social skills or muscular coordination that 
are priority (Koziel et al., 2016; Ré, et al., 2016).  
However, this is in the realm of assumption and will 
require prospective studies to confirm these 
hypotheses. These differences between team-based 
vs. individual-based sports, e.g., athletes involved in 
the combat sports,  have some psychological traits, 
such as “sensation seeking” and activities implying 
high physical risk (Koziel et al., 2016) and develop 
physical skills such as grasping or striking (Barley et 
al., 2019).   
 
Sports groups differences in 2D:4D by sex  
 
The post hoc analysis tests showed strong differences 
in 2D:4DL across the four sports groups in both 
sexes. For 2D:4DR has observed only in women a 
significant difference between the Ball and 

Endurance group. In women and men, the Combat 
and Power groups share physical abilities that would 
differentiate them from the Ball group. For example, 
muscle power, in both Combat sports (Hübner-
Wozniak, et al., 2004) and Power sports (Longman et 
al., 2011) is largely decisive for victory. Very few 
studies have reported data comparing different sports 
in 2D:4D digit ratios in female athletes (Kociuba et 
al., 2017). This study found that the lowest values in 
2D:4DR in women were found in the Combat and 
Endurance groups, while the highest was in the Ball 
group. It can be argued that women have other 
factors than endurance running that could be 
influenced by prenatal androgens or estrogens 
exposure., e.g., muscle strength (Shen et al., 2016), 
muscular force-velocity (Hull, et al., 2015) and 
cognitive abilities (Kempel et al., 2005). While in 
men, the Endurance and Ball groups showed the 
lowest and highest respectively, while Power and 
Combat, however, without significant differences. 
The relationship between running and 2D:4DR has 
been reported consistently across a broad range of 
studies (Hönekopp & Schuster, 2010; Koziel et al., 
2016). 
 
Several important limitations need to be considered. 
The variable of maximum sports achievement did not 
reach enough records in the self-report form and the 
missing data did not allow them to be included in the 
analysis thus that an association between the finger 
variables and different performance standards was 
not possible to obtain. The elite athletes could be 
analyzed in contrast with non-athletes. Also, new 
studies about of relationship psychological and motor 
abilities in experimental conditions could be showed 
results for talent identification in each sport. 
Likewise, to study other samples, for example 
referees and assistants may be novel (Aguirre-Loaiza 
et al., 2020). Finally, prospective studies are required 
that be able to control, a greater extent, the variables 
physiological and psychological implied in each sport 
modality to analyze their association with 2D:4D. 
These results contribute to the coach’s analysis, 
equally about making decision talent detection and 
selection (Ayala-Zuluaga et al., 2015). 
 
 
CONCLUSIONS 
Consequently, our results indicate that the 2D:4D 
showed differences of the Ball Sport group, regards 
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Endurance, Power, Combat Sport groups. This 
difference persisted even within subsamples of sexes. 
At the same time, the split in Ball Sport Group 
(Opposition vs Cooperation) showed differences in 
2D:4D left, favourable to Opposition Sport  
 
Conflict of Interests 
 
The authors declare that they have no conflict of 
interest with the content of this article. 
 
ACKNOWLEDGMENTS 
We are grateful to all athletes and coaches.  
 
FUNDING SUPPORT  
This study was supported by the Universidad de 
Caldas: N°11595 / I-DF-007 de 15/07/2016, código 
1159516.  
 

REFERENCES 

1. Aguirre-Loaiza, H., Holguín, J., Arenas, J., 
Núñez, C., Barbosa-Granados, S., & García-
Mas, A. (2020). Psychological characteristics 
of sports performance: Analysis of 
professional and semiprofessional football 
referees. Journal of Physical Education and 
Sport, 20(4), 1861–1868. 
https://doi.org/10.7752/jpes.2020.04252 

2. Aikawa, Y., Murata, M., & Omi, N. (2020). 
Relationship of height, body mass, muscle 
mass, fat mass, and the percentage of fat with 
athletic performance in male japanese college 
sprinters, distance athletes, jumpers, 
throwers, and decathletes. The Journal of 
Physical Fitness and Sports Medicine, 9(1), 
7-14. doi:10.7600/jpfsm.9.7 

3. Arazi, H., & Eghbali, E. (2019). The 
relationship between second-to-fourth digit 
ratio (2D:4D), muscle strength and body 
composition to bone mineral density in 
young women. Kinesiology, 51(2), 238-245. 
doi:10.26582/k.51.2.8 

4. Arias, I., Cardoso, T., Aguirre-Loaiza, H., & 
Arenas, J. A. (2016). Características 
psicológicas de rendimiento deportivo en 
deportes de conjunto: diferencias entre 
modalidad y género [Psychological 
characteristics of sports performance in team 

sports: differences between modality and 
gender]. Psicogente, 19(35), 25–36. 
https://doi.org/10.17081/psico.19.35.1206 

5. Ayala-Zuluaga, C.-F., Aguirre-Loaiza, H., & 
Ramos-Bermúdez, S. (2015). Academic and 
athletic experience of South American 
coaches. Revista Brasileira de Ciencias Do 
Esporte, 37(4). 
https://doi.org/10.1016/j.rbce.2015.09.001 

6. Baker, J., Kungl, A., Pabst, J., Strauß, B., 
Büsch, D., & Schorer, J. (2013). Your fate is 
in your hands? handedness, digit ratio 
(2D:4D), and selection to a national talent 
development system. Laterality: 
Asymmetries of Body, Brain and Cognition, 
18(6), 710-718. 
doi:10.1080/1357650X.2012.755992 

7. Barley, O., Chapman, D., Guppy, S., & 
Abbiss, C. (2019). Considerations when 
assessing endurance in combat sport athletes. 
Frontiers in Physiology, 10(205), 1-9. 
doi:10.3389/fphys.2019.00205 

8. Cheung, A., & Grossmann, M. (2018). 
Physiological basis behind ergogenic effects 
of anabolic androgens. Molecular and 
Cellular Endocrinology, 464, 14-20. 
doi:10.1016/j.mce.2017.01.047 

9. Crespi, B. (2016). Oxytocin, testosterone, 
and human social cognition. Biological 
Reviews of the Cambridge Philosophical 
Society, 91(2), 390-408. 
doi:10.1111/brv.12175 

10. De la Cruz-Sánchez, E., García-Pallarés, J., 
Torres-Bonete, M., & López-Gullón, J. 
(2015). Can our fingers alone raise us up to 
the sky? analysis of the digit ratio association 
with success in olympic wrestling. Collegium 
Antropologicum, 39(3), 515-519. 
https://www.ncbi.nlm.nih.gov/pubmed/26898
044 

11. Degens, H., Stasiulis, A., Skurvydas, A., 
Statkeviciene, B., & Venckunas, T. (2019). 
Physiological comparison between non-
athletes, endurance, power and team athletes. 
European Journal of Applied Physiology, 
119(6), 1377-1386. doi:10.1007/s00421-019-
04128-3 



462 
 

 
               Journal of Sport and Health Research                                                                                               2022, 14(3):453-464 

 
 

 
 J Sport Health Res                                                                                                                                                ISSN: 1989-6239 

12. Fink, B., Manning, J., Neave, N., & Tan, U. 
(2004). Second to fourth digit ratio and hand 
skill in austrian children. Biological 
Psychology, 67(3), 375-384. 
doi:10.1016/j.biopsycho.2004.03.012 

13. Frick, N., Hull, M., Manning, J., & 
Tomkinson, G. (2017). Relationships 
between digit ratio (2D:4D) and basketball 
performance in australian men. American 
Journal of Human Biology, 29(3), e22937. 
doi:10.1002/ajhb.22937 

14. Hill, R., Simpson, B., Manning, J., & 
Kilduff, L. (2012). Right–left digit ratio 
(2D:4D) and maximal oxygen uptake. 
Journal of Sports Sciences, 30(2), 129-134. 
doi:10.1080/02640414.2011.637947 

15. Holzapfel, S., Chomentowski, P., Summers, 
L., & Sabin, M. (2016). The relationship 
between digit ratio (2D:4D), VO2max, 
ventilatory threshold, and running 
performance. International Journal of Sports 
Sciences and Fitness, 6(1), 1-30.  

16. Hönekopp, J., & Schuster, M. (2010). A 
meta-analysis on 2D:4D and athletic 
prowess: Substantial relationships but neither 
hand out-predicts the other. Personality and 
Individual Differences, 48(1), 4-10. 
doi:10.1016/j.paid.2009.08.009 

17. Hsu, C., Fong, T., Chang, H., Su, B., Chi, C., 
Kan, N., & Hsu, M. (2018). Low second-to-
fourth digit ratio has high explosive power? 
A prepubertal study. Journal of Strength and 
Conditioning Research, 32(7), 2091-2095. 
doi:10.1519/JSC.0000000000002435 

18. Hsu, C., Su, B., Kan, N., Lai, S., Fong, T., 
Chi, C., . . . Hsu, M. (2015). Elite collegiate 
tennis athletes have lower 2D: 4D ratios than 
those of nonathlete controls. Journal of 
Strength and Conditioning Research, 29(3), 
822-825. 
doi:10.1519/JSC.0000000000000681 

19. Hübner-Wozniak, E., Kosmol, A., 
Lutoslawska, G., & Bem, E. (2004). 
Anaerobic performance of arms and legs in 
male and female free style wrestlers. Journal 
of Science and Medicine in Sport, 7(4), 473-
480. doi:10.1016/S1440-2440(04)80266-4 

20. Hull, M. J., Schranz, N. K., Manning, J. T., 
& Tomkinson, G. R. (2015). Relationships 
between digit ratio (2D:4D) and female 
competitive rowing performance. American 
Journal of Human Biology, 27(2), 157-163. 
doi:10.1002/ajhb.22627 

21. Kempel, P., Gohlke, B., Klempau, J., 
Zinsberger, P., Reuter, M., & Hennig, J. 
(2005). Second-to-fourth digit length, 
testosterone and spatial ability. Intelligence 
(Norwood), 33(3), 215-230. 
doi:10.1016/j.intell.2004.11.004 

22. Kilduff, L., Cook, C., Bennett, M., Crewther, 
B., Bracken, R., & Manning, J. T. (2013). 
Right-left digit ratio (2D:4D) predicts free 
testosterone levels associated with a physical 
challenge. Journal of Sports Sciences, 31(6), 
677-683. 
doi:10.1080/02640414.2012.747690 

23. Kilduff, L., Cook, C., & Manning, J.. (2011). 
Digit ratio (2D:4D) and performance in male 
surfers. Journal of Strength and Conditioning 
Research, 25(11), 3175-3180. 
doi:10.1519/JSC.0b013e318212de8e 

24. Kociuba, M., Kozieł, S., Chakraborty, R., & 
Ignasiak, Z. (2017). Sports preference and 
digit ratio (2D:4D) among female students in 
Wroclaw, Poland. Journal of Biosocial 
Science, 49(5), 623-633. 
doi:10.1017/S0021932016000523 

25. Köroğlu, Y., Aksoy, C., Atar, O., & Koç, H. 
(2016). An examination of the relationship 
between 2d:4d finger length proportions and 
anaerobic power in athletes. European 
Journal of Applied Sciences, 8(4), 203-208. 
doi:10.5829/idosi.ejas.2016.8.4.10226 

26. Koziel, S., Kociuba, M., Ignasiak, Z., & 
Chakraborty, R. (2016). Is sports choice and 
participation related to 2D:4D? A study 
among adult male students in Wrocław, 
Poland. Collegium Antropologicum, 40(2), 
105-110.  

27. Leone, M., Lariviere, G., & Comtois, A. S. 
(2002). Discriminant analysis of 
anthropometric and biomotor variables 
among elite adolescent female athletes in 
four sports. Journal of Sports Sciences, 



463 
 

 
               Journal of Sport and Health Research                                                                                               2022, 14(3):453-464 

 
 

 
 J Sport Health Res                                                                                                                                                ISSN: 1989-6239 

20(6), 443-449. 
doi:10.1080/02640410252925116 

28. Lombardo, M., & Otieno, S. (2020). The 
associations between digit ratio, aerobic 
fitness, physical skills, and overall physical 
fitness of elite youth distance runners. 
American Journal of Human Biology, 
e23448, 1-12. doi:10.1002/ajhb.23448 

29. Lombardo, M., Otieno, S., & Heiss, A. 
(2018). College-aged women in the united 
states that play overhand throwing sports 
have masculine digit ratios. PloS One, 13(9), 
e0203685. doi:10.1371/journal.pone.0203685 

30. Longman, D., Stock, J., & Wells, J. (2011). 
Digit ratio (2D:4D) and rowing ergometer 
performance in males and females. American 
Journal of Physical Anthropology, 144(3), 
337-341. doi:10.1002/ajpa.21407 

31. Lust, J., Geuze, R., van de Beek, C., Cohen-
Kettenis, P., Bouma, A., & Groothuis, T. 
(2011). Differential effects of prenatal 
testosterone on lateralization of handedness 
and language. Neuropsychology, 25(5), 581-
589. doi:10.1037/a0023293 

32. Lutchmaya, S., Baron-Cohen, S., Raggatt, P., 
Knickmeyer, R., & Manning, J. (2004). 2nd 
to 4th digit ratios, fetal testosterone and 
estradiol. Early Human Development, 77(1-
2), 23-28. 
doi:10.1016/j.earlhumdev.2003.12.002 

33. Manning, J. Trivers, R., Thornhill, R., & 
Singh, D. (2000). The 2nd:4th digit ratio and 
asymmetry of hand performance in jamaican 
children. Laterality (Hove), 5(2), 121-132. 
doi:10.1080/135765000396744 

34. Manning, J. (2011). Resolving the role of 
prenatal sex steroids in the development of 
digit ratio. Proceedings of the National 
Academy of Sciences - PNAS, 108(39), 
16143-16144. doi:10.1073/pnas.1113312108 

35. Manning, J., & Fink, B. (2018). Sexual 
dimorphism in the ontogeny of second (2D) 
and fourth (4D) digit lengths, and digit ratio 
(2D:4D). American Journal of Human 
Biology, 30(4), e23138-n/a. 
doi:10.1002/ajhb.23138 

36. Manning, J., & Hill, M. (2009). Digit ratio 
(2D:4D) and sprinting speed in boys. 
American Journal of Human Biology, 21(2), 
210-213. doi:10.1002/ajhb.20855 

37. Manning, J., & Taylor, R. (2001). Second to 
fourth digit ratio and male ability in sport: 
Implications for sexual selection in humans. 
Evolution and Human Behavior, 22(1), 61-
69. doi:10.1016/S1090-5138(00)00063-5 

38. Manning, J., Kilduff, L., Cook, C., Crewther, 
B., & Fink, B. (2014). Digit ratio (2D:4D): A 
biomarker for prenatal sex steroids and adult 
sex steroids in challenge situations. Frontiers 
in Endocrinology, 5(9), 5. 
doi:10.3389/fendo.2014.00009 

39. Matveev, L. P. (1991). Teoría y metodología 
de la cultura física. (1st ed.). Moscú: 
Fizkultura i Sport.  

40. Mitchell, J., Haskell, W., Snell, P., & Van 
Camp, S. (2005). Task force 8: Classification 
of sports. Journal of the American College of 
Cardiology, 45(8), 1364-1367. 
doi:10.1016/j.jacc.2005.02.015 

41. Olmedilla, A., Torres-Luque, G., García-
Mas, A., Rubio, V., Ducoing, E., & Ortega, 
E. (2018). Psychological profiling of 
triathlon and road cycling athletes. Frontiers 
in Psychology, 9(825), 1-8. 
doi:10.3389/fpsyg.2018.00825/full 

42. Pepping, G., & Timmermans, E.  (2012). 
Oxytocin and the biopsychology of 
performance in team sports. 
TheScientificWorld, 2012, 1-10. 
doi:10.1100/2012/567363 

43. Phelps, V. (1952). Relative index finger 
length as a sex-influenced trait in man1. 
American Journal of Human Genetics, 4(2), 
72-89.  

44. Pokrywka, L., Rachoń, D., 
Suchecka‐Rachoń, K., & Bitel, L. (2005). 
The second to fourth digit ratio in elite and 
non‐elite female athletes. American Journal 
of Human Biology, 17(6), 796-800. 
doi:10.1002/ajhb.20449 

45. Ramos, S., García, A., Ayala, C., & Aguirre-
Loaiza, H. (2020). Índice de longitud digital 



464 
 

 
               Journal of Sport and Health Research                                                                                               2022, 14(3):453-464 

 
 

 
 J Sport Health Res                                                                                                                                                ISSN: 1989-6239 

2D:4D en deportes de pelota [2D:4D Digital 
Length Index in Ball Sports]. Retos, (39), 
284-288. 
https://doi.org/10.47197/retos.v0i39.78257 

46. Ré, A., Cattuzzo, M.., Henrique, R., & 
Stodden, D. (2016). Physical characteristics 
that predict involvement with the ball in 
recreational youth soccer. Journal of Sports 
Sciences, 34(18), 1716-1722. 
doi:10.1080/02640414.2015.1136067 

47. Sandbakk, Ø, Solli, G. S., & Holmberg, H. 
(2018). Sex differences in world-record 
performance: The influence of sport 
discipline and competition duration. 
International Journal of Sports Physiology 
and Performance, 13(1), 2-8. 
doi:10.1123/ijspp.2017-0196 

48. Shen, D., Ma, Z., Wang, L., Huo, Z., Lu, H., 
Zhao, J., & Qian, W. (2016). Digit ratio 
(2D:4D) and handgrip strength in a chinese 
population of han ethnicity. Early Human 
Development, 103, 141-145. 
doi:10.1016/j.earlhumdev.2016.09.014 

49. Schorer, J., Rienhoff, R., Westphal, H., & 
Baker, J. (2014). Digit ratio effects between 
expertise levels in american football players. 
Talent Development, 5(2), 113-116.   

50. Tambe, M., Turankar, A., Lingawar, S., 
Dhokane, N., Pophali, N., Kherde, P., & 
Bajaj, V. (2017). Influence of digit ratio 
(2D:4D) on reaction time and athletic sprint 
performance: A short term pilot study. 
MedPulse International Journal of 
Physiology, 5(2), 17-21. 
doi:10.26611/103523 

51. VWang, C., Chang, C., Liang, Y., Shih, C., 
Chiu, W., Tseng, P., . . . Juan, C. (2013). 
Open vs. closed skill sports and the 
modulation of inhibitory control. PloS One, 
8(2), e55773. 
doi:10.1371/journal.pone.0055773 

52. Williams, J., Greenhalgh, K., & Manning, J. 
(2003). Second to fourth finger ratio and 
possible precursors of developmental 
psychopathology in preschool children. Early 
Human Development, 72(1), 57-65. 
doi:10.1016/s0378-3782(03)00012-4 

53. WMA, W. M. A. (2013). Declaración de 
Helsinki de la AMM - Principios éticos para 
las investigaciones médicas en seres 
humanos. In World Medical Association, Inc. 
https://doi.org/10.1001/jama.2013.281053 

54. Wood, A. G., Barker, J. B., Turner, M., y 
Thomson, P. (2018). Exploring the effects of 
a single rational emotive behavior therapy 
workshop in elite blind soccer players. Sport 
Psychologist, 32(4), 321–332. 
https://doi.org/10.1123/tsp.2017-0122 

55. World Health Organization. (2011). World 
Report on Disability. 
http://www.who.int/about/ 

56. World Health Organization. (2018). Global 
action plan on physical activity 2018–2030: 
more active people for a healthier world. 
World Health Organization. 

 

 

 

 

 


