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ABSTRACT 

Introduction: Range of motion (ROM) is widely used in the diagnosis of musculoskeletal disorders and in the evaluation of 

treatment prognosis. The 2D:4D ratio is the ratio of the second finger to the fourth finger. 

Objective: The aim of our study is to investigate whether there is a possible relationship between ROM and finger length. 

Method: In our study, 120 asymptomatic individuals (37.50% female) with a mean age of 33.73±14.12 years and a mean body 

mass index of 24.66±4.60 kg/m2 were included. After voluntary consent was obtained, ROM was measured using a goniometer 

and 2D:4D ratio was measured using a digital caliper. The IBM SPSS Statistics for Windows software (version 22.0; IBM, 

Armonk, NY) was used to analyze the data.  

Results: In this study there was no any significant correlation between 2D:4D digit ratio for right hand and the other variables 

(p=0.127-0.902). There was a significant correlation between 2D:4D digit ratio for left hand and the weight (r=-0.288;p=0.001), 

and the body mass index (r=-0.282; p=0.002,). The stepwise multiple regression analysis demonstrated that the weight was 

significant and independent factor of the 2D:4D digit ratio for the left hand with 4.9% of the variance.  

Conclusion: The lack of a study examining the relationship between ROM and 2D:4D ratio in the existing literature reveals 

the importance of the study data. Our suggestion is that the relationship with the 2D:4D ratio can be examined by measuring 

ROM measurements in patients and healthy individuals. 

Keywords: Range of Motion, 2D:4D Digit Ratio, Goniometer, Digital Caliper. 

ÖZET 

Giriş: Eklem hareket açıklığı (EHA), kas-iskelet sistemi bozukluklarının tanısında ve tedavi prognozunun 

değerlendirilmesinde yaygın olarak kullanılmaktadır. 2D:4D oranı ikinci parmağın dördüncü parmağa oranıdır. 

Amaç: Çalışmamızın amacı EHA ile parmak uzunluğu arasında olası bir ilişkinin olup olmadığını araştırmaktır. 

Yöntem: Çalışmamıza yaş ortalaması 33,73±14,12 yıl, vücut kitle indeksi ortalaması 24,66±4,60 kg/m2 olan 120 

asemptomatik (%37,50 kadın) birey dahil edildi. Gönüllü onam alındıktan sonra ROM gonyometre kullanılarak ölçüldü ve 

2D:4D oranı dijital kumpas kullanılarak ölçüldü. Verileri analiz etmek için IBM SPSS İstatistikleri Windows yazılımı (versiyon 

22.0; IBM, Armonk, NY) kullanıldı. 

Bulgular: Bu çalışmada sağ el için 2D:4D parmak oranı ile diğer değişkenler arasında anlamlı bir ilişki saptanmadı (p=0,127-

0,902). Sol el için 2D:4D parmak oranı ile ağırlık (r=-0,288;p=0,001) ve vücut kitle indeksi (r=-0,282; p=0,002) arasında 

anlamlı korelasyon vardı. Aşamalı çoklu regresyon analizi, ağırlığın sol el için %4,9 varyansla 2D:4D rakam oranının anlamlı 

ve bağımsız bir faktörü olduğunu gösterdi. 

Sonuç: Mevcut literatürde EHA ile 2D:4D oranı arasındaki ilişkiyi inceleyen bir çalışmanın bulunmaması, çalışma verilerinin 

önemini ortaya koymaktadır. Bizim önerimiz hasta ve sağlıklı bireylerde ROM ölçümleri ölçülerek 2D:4D oranı ile olan 

ilişkinin incelenebilmesidir. 

Anahtar Kelimeler: Eklem Hareket Acıklığı, 2D:4D Rakam Oranı, Gonyometre, Dijital Kumpas. 

INTRODUCTION 

The hand, an indispensable tool in our daily lives, seamlessly integrates motor and sensory capabilities 

to facilitate a wide array of movements crucial for our everyday activities. Its intricate combination of 

motor and sensory parameters enables us to perform tasks with precision and efficiency, underscoring 
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its pivotal role in our daily routines. Anchored by the shoulder, elbow, and wrist joints, the hand 

functions as a dynamic interface between our body and the surrounding environment, allowing us to 

grasp, manipulate, and interact with objects in our surroundings (1). Furthermore, the hand is not merely 

a functional tool but also a symbol of dexterity and craftsmanship, embodying a complex amalgamation 

of muscles, bones, and neurovascular structures that set it apart from other anatomical features (2).  This 

complexity highlights the hand's significance in our upper extremity functionality, prompting extensive 

research into its anatomical, physiological, and functional aspects (3). Finger ratio studies, particularly 

those examining the 2D:4D digit ratio, have emerged as a focal point of inquiry within the scientific 

community (4–6). During prenatal development, the differential influence of sex hormones, namely 

estrogen and testosterone, shapes the growth patterns of the second (2D) and fourth (4D) digits, 

respectively. Consequently, variations in the 2D:4D ratio have been linked to gender-specific traits, with 

lower ratios often associated with male characteristics and higher ratios with female characteristics (7). 

While gender-based trends prevail, individual variations underscore the intricate interplay of genetic 

and hormonal factors, contributing to the diversity observed in digit ratios (8). Recent literature studies 

have investigated the relationship between finger length ratio and various factors. It has been observed 

that male infants have lower 2D:4D digit ratios on the left and right hand than female infants. In addition, 

a decrease in finger ratios was observed in families with consanguineous relationships, regardless of the 

gender of the infants   (9). It was determined that male infants of mothers with longer 2D length in the 

right hand were heavier and had a larger head diameter  (10).  

Moreover, researchers have extended their inquiries to encompass the wrist, recognizing its pivotal role 

in both stability and mobility within the upper extremity (11–13). By measuring the 2D:4D digit ratios 

of university students in Northeast England who played sports at least once a week or participated in 

university sports teams, it was shown that individuals with a low 2D:4D digit ratios had higher levels of 

sporting ability and achievement (14). In addition to finger ratio research, studies have also been 

conducted on the wrist researches including our study (15,16). Bunnell's description of the wrist as a 

"keystone joint" underscores its significance in maintaining structural integrity while facilitating a wide 

range of movements essential for daily activities (3). Among these movements, the concept of range of 

motion (ROM) holds particular significance, serving as a fundamental measure in the assessment of 

musculoskeletal health and function. Defined as the extent of movement achievable at a joint, ROM 

provides valuable insights into joint flexibility, integrity, and overall functional capacity (17). Despite 

its clinical relevance, there remains a notable gap in the literature regarding the intercourse among finger 

length ratios, such as the 2D:4D ratio, and wrist ROM. 

In light of this gap, our study seeks to address this space by investigating the potential correlation 

between finger length ratios and wrist ROM, thereby contributing to a deeper understanding of the 

intricate interplay between digit morphology and upper extremity function. Specifically, we aim to 

examine whether variations in the 2D:4D digit ratio correlate with differences in wrist ROM, particularly 

focusing on radial and ulnar deviation as well as flexion and extension.  

Hypotheses 

Building upon existing literature and theoretical frameworks, we have formulated the following 

hypotheses to guide our investigation: 

H1: Individuals with a longer second digit (2D) relative to the fourth digit (4D), indicative of a lower 

2D:4D ratio, will exhibit increased radial deviation and flexion of the wrist joint. Conversely, those with 

a shorter 2D relative to 4D, corresponding to a higher ratio, will demonstrate heightened ulnar deviation 

and extension. 

H2: Moreover, we postulate that a longer 2D relative to 4D will be associated with greater radial 

deviation and flexion, whereas a shorter 2D will correlate with reduced ulnar deviation and extension. 

These hypotheses serve as a framework for our study, guiding our exploration of the potential influence 

of digit ratios on wrist ROM. Through empirical research, we aim to elucidate the underlying 

mechanisms driving these relationships and contribute to knowledge in this area. 
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METHOD 

Our research involved a cohort of 120 male and female volunteers who provided informed consent prior 

to participation. Approval for the study, designated as 2023/26, was granted by the Non-Interventional 

Clinical Research Ethics Committee of Malatya Turgut Özal University. 

The study design comprised a single group, with a gender distribution of 37.5% female and 62.5% male 

among the volunteers. 

Inclusion and Exclusion Criteria 

Participants with a history of wrist, hand or finger surgery, those receiving physical therapy or 

rehabilitation, or any congenital or acquired deformities were not included in the study. 

Demographic Assessment 

Demographic information including age, height, weight, gender, presence of chronic diseases, 

psychological disorders, smoking status, occupation, marital status, and number of children, if any, was 

collected through structured questioning. 

Measurements Conducted 

Wrist Flexion Measurement: 

Definition: Wrist flexion angle refers to the decrease in wrist angle when the wrist is in a neutral position. 

Procedure: Goniometric measurements were performed using a standard universal goniometer with 1-

degree accuracy. The pivot point of the goniometer was placed on the ulnar styloid process, with the 

forearm supported in pronation and the hand and wrist hanging freely. The fixed arm of the goniometer 

was parallel to the ulna, while the movable arm was aligned with the 5th metacarpal bone. Participants 

were instructed to flex their wrists downward until the end point of the movement, and the corresponding 

angle was recorded (17). 

Wrist Extension Measurement: 

Definition: Wrist extension angle refers to the increase in wrist angle when the wrist is in a neutral 

position. 

Procedure: Similar to wrist flexion measurement, goniometric measurements were taken with the 

participant's forearm in pronation. The participant was asked to extend their wrist upward until the end 

point of the movement, and the angle was recorded [17](Figure I) 

Wrist Radial Deviation Measurement: 

Definition: Wrist radial deviation angle indicates the decrease in wrist angle towards the radial bone 

side from the midline when the wrist is in a neutral position. 

Procedure: Goniometric measurements were conducted with the participant seated, forearm pronated, 

and palm resting on the table. The pivot point of the goniometer was placed proximal to the 3rd 

metacarpal joint, and participants were instructed to deviate their wrist towards the radial side until the 

end point of the movement, with the angle recorded (17,18) (Figure II) 

Wrist Ulnar Deviation Measurement: 

Definition: Wrist ulnar deviation angle indicates the decrease in wrist angle towards the ulnar bone side 

from the midline when the wrist is in a neutral position. 

Procedure: Similar to radial deviation measurement, goniometric measurements were taken with the 

participant's forearm pronated. Participants were instructed to deviate their wrist towards the ulnar side 

until the end point of the movement, with the angle recorded (17,18).  

 



Investigation of the Relationship of Wrist Range of Motion with 2D:4D Ratio in Healthy Individuals       Bağcı Uzun G, et al. 

95 
Acta Medica Ruha - International Journal of Medicine and Health Sciences 

2D and 4D Finger Length Measurement: 

Procedure: Digit ratios were gauged using digital calipers with 0.01 mm accuracy. Participants were 

asked to place their hands on a flat surface with their palms facing upwards. Measurements were taken 

as from the proximal pleat of the metacarpophalangeal junction to the fingertip. Measurements were 

obtained for both left and right  hands, and 2D:4D digit ratios were calculated (19,20).  

All measurements were performed thrice to minimize errors in wrist range of motion and 2D:4D digit 

ratio assessments (Figure III). 

Our pictures of our measurements are given as Figure I, Figure II, Figure III. 

 

Figure I: Measurement of flexion and extension, which are the ranges of motion of the wrist joint 

  
a: For flexion and extension measurement, which are the ranges of motion of the wrist joint, the hand is suspended from the 

table with the palm of the hand facing downward and the hand is positioned in the neutral position for measurement, b: For the 

extension measurement, the participant is asked to perform an upward extension for the hand previously positioned on the table 

and joint motion measurement is taken at the end point. c: For flexion measurement, the participant is asked to flexion 
downward for the hand previously positioned on the table and joint movement measurement is taken at the end point. 

 

Figure II: Measurement of radial and ulnar deviation of wrist range of motion 

 
a: For the measurement of radial and ulnar deviation, which are the ranges of motion of the wrist joint, the hand is adjusted 

with the palm facing the table and the hand is positioned in the neutral position, b: For the radial deviation measurement, the 

participant is asked to deviate the hand to the radial side for the hand previously positioned on the table and the joint motion 

measurement is taken at the end point, c: For the ulnar deviation measurement, the participant is asked to deviate the hand to 
the ulnar side for the hand previously positioned on the table and joint motion measurement is taken at the end point. 

Figure III:   2D:4D measurement of finger lengths 
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a: To measure 2D:4D finger length, the hand is placed on a hard surface with the palm facing upwards, b: 2D measurement of 

finger length, c: 4D measurement of finger length. 

Statistical Analysis 

IBM SPSS Statistics for Windows (version 22.0; IBM, Armonk, NY) was employed for data 

analysis.The initial examination of the variables involved the use of analytical procedures (Kolmogorov-

Simirnov/Shapiro-Wilk test) as well as visual methods (histograms, probability plots) to determine 

normalcy. Data that was regularly dispersed was subjected to parametric analysis. Ratios (%) were 

utilized to display categorical data, whereas mean±standard deviation, standard error of mean, and 95% 

confidence intervals were used to represent continuous variables. Pearson product-moment correlation 

coefficients were employed to investigate relationships among 2D:4D digit ratios for the right and left 

hands and other variables (wrist flexion-extension-radial deviation-ulnar deviation; height, 0weight, age, 

and body mass index). Strong correlation was denoted by correlation coefficients larger than 0.5, 

moderate correlation by coefficients among 0.3 and 0.5, and weak correlation by coefficients between 

0.2 and 0.3. A significant threshold of p<.05. A stepwise multiple linear regression analysis was 

employed to define which variables had the biggest effects on the left and right hands' 2D:4D digit ratios. 

Regression model variables that showed significant correlations with 2D:4D digit ratios were included. 

To find and deal with outliers, Cook's distance and the centered leverage value were also applied. 

RESULTS 

Participating in the study were 120 asymptomatic persons (37.50% female), whose average age was 

33.73±14.12 years and their average body mass index was 24.66±4.60 kg/m^2. In Table 1, descriptive 

statistics were displayed. 

The 2D:4D digit ratio for the right hand did not significantly correlate with any other variables (p=0.127-

0.902). As a result, Table 2's regression equation lacked any variables. 

The left hand's 2D:4D digit ratio did, however, showed a significant connection with weight (r=-0.288; 

p=0.001) and body mass index (r=-0.282; p=0.002, Table 2). Weight and body mass index were included 

as independent variables in the regression model to examine potential factors impacting the 2D:4D digit 

ratio in the evaluation of the left hand's 2D:4D digit ratio. Weight was found to be a significant and 

independent predictor of the left hand's 2D:4D digit ratio by stepwise multiple regression analysis, 

explaining 4.9% of the variance (Table 3). 

The explanatory variable (weight) and coefficients were used to create the regression equation formula 

for the dependent variable (2D:4D digit ratio for the left hand). The following is the regression equation 

formula for the left hand's 2D:4D digit ratio: 

2D:4D digit ratio for left hand: 1.021 + (-0.001 * Weight) 
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Table 1. Descriptive statistic of variables 

 Minimum Maximum Mean Std. Error Std. Deviation 

2D:4D digit ratio      

for right hand 0.79 1.10 0.93 0.004 0.053 

for left hand 0.75 1.10 0.95 0.006 0.075 

Right hand      

Flexion 74.00 86.00 79.54 0.219 2.407 

Extension 64.00 74.00 68.81 0.214 2.345 

Radial deviation 14.00 84.00 21.30 0.761 8.339 

Ulnar deviation 24.00 71.00 31.13 0.542 5.947 

Left hand      

Flexion 8.00 85.00 77.34 1.030 10.614 

Extension 34.00 76.00 67.98 0.457 5.012 

Radial deviation 14.00 34.00 20.05 0.251 2.752 

Ulnar deviation 23.00 36.00 29.90 0.287 3.152 

Height 149.00 196.00 172.48 0.945 10.360 

Weight 50.00 130.00 73.19 1.613 17.676 

Age 20.00 75.00 33.73 1.289 14.128 

Body mass index 16.02 41.50 24.66 0.420 4.606 

 

Table 2. Relationship among 2D:4D digit ratios for right and left hands and other variables 

 Flexion Extension Radial 

deviation 

Ulnar 

deviation 

Height Weight Age Body mass 

index 

Right p=0.342 

r=0.087 

p=0.127 

r=0.140 

p=0.902 

r=0.011 

p=0.871 

r=0.015 

p=0.776 

r=-0.026 

p=0.224 

r=-0.112 

p=0.752 

r=0.029 

p=0.239 

r=-0.108 

Left p=0.119 

r=-0.152 

p=0.188 

r=0.121 

p=0.282 

r=0.099 

p=0.830 

r=0.020 

p=0.053 

r=-0.177 

p=0.001* 

r=-0.288 

p=0.058 

r=-0.173 

p=0.002* 

r=-0.282 

*: Correlation is significant at the 0.05 level (2-tailed). 

Table 3. Stepwise multiple linear regression model of 2D:4D digit ratio for left hand and weight 

Coefficientsa 

Model Unstandardized Coefficients Standardized Coefficients t p 

B Std. Error Beta 

1 (Constant) 1.021 0.032  31.875 <0.001 

Weight -0.001 0.000 -0.242 -2.541 0.013 

a. Dependent variable: 2D:4D digit ratio for left hand 

 

DISCUSSION 

The aim of this study was to evaluate any possible  among range of motion (ROM) and 2D:4D digit 

ratios. A cohort of 120 people was included, with 62.5% male and 37.5% female. The cohort's average 

age was 33.73±14.12 years, and its average body mass index (BMI) was 24.66±4.60 kg/m². Goniometers 

and calipers were employed to measure the ROM and finger lengths, respectively. Although 2D:4D digit 

ratios have been the subject of much investigation in the past , (12,21–26).  no study has looked at how 

they relate to ROM. This gap was filled by our study, which emphasized the originality and importance 

of our findings. 

Demirel et al. found no significant gender or BMI-related differences in ROM, a conclusion supported 

by our findings (18). For the right hand, no substantial connections was found among 2D:4D digit ratios 

and other variables (p=0.127-0.902). However, for the left hand, a significant correlation was found 

among 2D:4D digit ratios and weight (r=-0.288; p=0.001) and BMI (r=-0.282; p=0.002). Pasanen et al. 

highlighted a weak correlation (r = -0.15) between hand grip strength and 2D:4D digit ratios, suggesting 

an association with muscle fitness (27). Although our work did not establish a direct link among ROM 

and 2D:4D ratios, it could have implications for muscle fitness if such a relationship existed. 

Akbulut et al. indicated that ROM is influenced by various factors including age, gender, obesity, and 

certain medical conditions. They emphasized the role of sports in enhancing ROM, thus promoting 

quality of life and reducing the risk of injury (28). Ceylan et al. realised that no substantial association 

among 2D:4D ratios and shooting performance in basketball players, contrasting with Adamczyk et al.'s 
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findings regarding combat sports (29). These discrepancies underscore the complexity of the 

relationship among 2D:4D ratios and sports performance. 

CONCLUSION 

In conclusion, our study identified an important correlation among left hand 2D:4D ratios and BMI but 

found no association with wrist ROM. Future research could explore this relationship further, 

particularly in patient populations. Our findings have implications for various disciplines, including 

anthropology and anatomy. 

Limitations and Suggestions for Future Research 

Despite its contributions, our work has limitations. ROM data were limited to the wrist, warranting 

exploration in other body parts. Future studies could diversify samples and streamline measurement 

processes to enhance applicability. 
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