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Abstract: Background: The acute angle produced medially when the axis of the forearm deviates laterally from 

the long axis of the humerus, with the arm extended and the palm facing forward, is referred to as the carrying 

angle. Variations in the angle have clinical as well as pathological significance. Aims and Objectives: This 

study was conducted to evaluate the elbow carrying angle in normal males and females and its relationship with 

length of second and fourth digit of same side and also analyse the data to find out any correlation between 

carrying angle, gender variance due to in utero difference in androgen exposure and ratio of length of ipsilateral 

second and fourth digit within the study population. Methods: 195 subjects with age varying from 12 to 32 

years were studied. Carrying angle was measured using goniometer. Length of second and fourth digit was 

measured from distal palmar crease to tip of finger. Results: The result of the study showed that carrying angle 

is more in females than males on both sides. Lower values of carrying angle seen in males is strongly 

associated with longer ring finger and higher values of carrying angle seen in females associated with a longer 

index finger. There was only a moderately positive correlation between the carrying angle and fingertip lengths. 

Conclusion: Carrying angle is greater in women than in men. The second distal fingertip is longer in women 

and the fourth distal fingertip is longer in men. There is a moderate positive correlation between the carrying 

angle and the distal extent of fingertip. In utero androgen exposure has an indirect effect on finger length. 
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Introduction 

Measurement of the angle between forearm and 

arm was first done by Potter [1]. The angle 

between arm and forearm when forearm is in full 

extension and supination is defined as the 

carrying angle. This angle disappears when 

forearm is in pronation. This angle has been 

found to be 0° to 25° [2]. Carrying angle is 

considered as a secondary sexual characteristic 

and has shown to be greater in women than in 

men. Olecranon-Coronoid angle shows sexual 

dimorphism [3]. Carrying angle is partly due to 

more distal position of the tip of medial lip of the 

trochlea [4]. A curved ridge joins the prominence 

of coronoid process and olecranon, the obliquity 

of the shaft of the ulna to this ridge accounts for 

carrying angle at elbow [5]. 

 

It has been suggested in recent studies that gender 

difference of carrying angle and its relation with 

ratio between second digit (2D) and fourth digit 

(4D) length (2D/4D ratio) is an indicator of in 

utero androgen exposure [6-8]. It has been 

hypothesized that 2D/4D ratio reflects 

prenatal androgen levels and the individual’s 

sensitivity to androgens [9]. Knowledge of the 

carrying angle can be useful for reduction of 

fractures, as the most common complication 

of supracondylar fractures is loss or increase 

in carrying angle resulting in cosmetic 

deformity. Aim of the present study was to 

find out any correlation with 2D/4D ratio and 

carrying angle in males and females. 

 

Material and Methods 

The study was performed on volunteer 

students and patients of Al-Ameen dental 

college and Al-Ameen nursing college, 

Vijayapur, Karnataka, India. Study was 

conducted on a total of 195 subjects out of 

which 126 were males and 69 were females. 

Age of the subjects ranged from 12-32 years. 

All subjects were informed of the study 

protocol and an informed verbal consent was 

taken from all participants of the study. Study 

was performed on right handed subjects. 
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Subjects with upper limb anomalies, deformities 

were excluded from the study. Subjects were 

placed in supine position on a horizontal flat 

table. Forearms were positioned with full 

extension and supination (Figure-1). Carrying 

angle was measured using a goniometer as 

proposed by Atkinson and Elftman [10]. Length 

of second and fourth digit were measured on the 

palmar surface from metacarpophalangeal crease 

to the tip of finger using a ruler. Carrying angle 

and digit length were measured on both right and 

left sides at the same time. Digit length was 

measured with hand in neutral position. Digit 

length was calculated and expressed as <1 or >1 

or as equal while tabulating the measurements 

with length of second digit as numerator and 

length of fourth digit as denominator and 

expressed as 2D/4D ratio. 

 
Fig-1: Carrying angle measurement 

 
 

 

Results 

Table-1: Subjects 

Total 195 

Males 126 

Females 69 

 

 

Table-2: Right Side 

Ratio Total Male Female 

2D/4D < 1 143 97 46 

2D/4D > 1 22 10 12 

2D = 4D 30 19 11 
 

Table-3: Left Side 

Ratio Total Male Female 

2D/4D < 1 120 84 36 

2D/4D > 1 30 14 16 

2D = 4D 45 29 16 

 

 

Table-4: Carrying Angle – Right Side 

(Minimum 5° ; Maximum 17°) 

Range Total Male Female 

5° - 10° 114 86 28 

11° - 15° 71 39 32 

16° - 20° 10 1 9 

 

 

Table-5: Carrying Angle – Left Side 

(Minimum 5° ; Maximum 15°) 

Range Total Male Female 

5° - 10° 128 92 36 

11° - 15° 67 34 33 

16° - 20° 0 0 0 

 

  

Table-6: Carrying Angle And 2D/4D Ratio 

(Right Side) 

Carrying 

Angle 
2D < 4D 2D > 4D 2D = 4D 

5° - 10° 87 7 20 

11° - 15° 46 15 10 

16° - 20° 10 0 0 

 

 

Table-7: Left Side 

Carrying 

Angle 
2D < 4D 2D > 4D 2D = 4D 

5° - 10° 82 13 33 

11° - 15° 38 17 12 

16° - 20° 0 0 0 

 

 

Discussion 

Upper limb bones are like the rings of an 

articulated chain. Radius and Ulna articulates 

with humerus, carpal bones with radius, 

metacarpal bones with phalanges. Position of 

this chain or any angulation in this upper limb 

bony arrangement which is analogous to a 

chain would affect the distal extent of 

fingertips. Present study was designed to 
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investigate this effect of carrying angle on second 

and fourth finger length expressed as a ratio. 

Lateral deviation of the hand has been found to 

favour prominence of second distal fingertip and 

medial deviation of hand found to favour 

prominence of fourth distal fingertip [11]. Hence 

digit length was measured with hand in neutral 

position. Findings suggested that Androgen 

Receptor (AR) is a negative modulator of WNT 

5a expression in digits. Fourth finger has higher 

levels of AR and Estrogen Receptor (ER) than 

second finger [12-13]. AR and ER activities 

influence the 2D/4D ratio by modulating levels of 

skeletogenic gene expression and cell 

proliferation in a digit specific manner.  

 

Another interesting fact was reported that the 

intrauterine timing of phalangeal growth 

regulation by AR and ER correlates with the 

timing of masculinization or feminization of brain 

by the steroids. It was also observed that several 

genes have role in the development of brain and 

different sexually dimorphic structures [14-15]. 

So, 2D/4D ratio which was proposed as a 

reflection of prenatal androgen exposure is found 

to be caused by androgen and estrogen signaling 

[16].  

 

Contrary to this view, Kratochvil and Flegr 

suggested that gender did not have a significant 

effect on the 2D/4Dratio and that the difference 

between genders resulted from a shift along the 

common allometric line with non-zero intercept 

[17]. Napier reported that second finger was 

smaller than fourth finger in both gender but the 

incidence of fourth finger being longer than 

second was much lower in women [18]. Our 

results indicated a statistically significant 

positive correlation between carrying angle 

and 2D/4D ratio at lower values of carrying 

angle of its normal range. As carrying angle 

increases the correlation between carrying 

angle and 2D/4D ratio becomes less 

statistically significant. There was only a 

moderate correlation.  

 

We found that carrying angle to be greater in 

females compared to males. However greater 

carrying angle in females did not significantly 

correlate with 2D/4D ratio. We believe that 

difference between genders in terms of 2D/4D 

ratio is due to difference in carrying angle 

rather than due to in utero exposure to 

androgens. However, difference in carrying 

angle could be due to difference in 

morphological arrangement of bones at elbow 

joint which might be influenced by in utero 

exposure to androgens. Thus differences in 

2D/4D ratio are an indirect effect of carrying 

angle and not directly influenced by in utero 

exposure to androgens. 

 

Conclusion 

Digit ratio and elbow carrying angle is 

sexually dimorphic and can be used as 

window for in utero exposure to androgens. 

2D:4D ratio is <1 in males and 2D:4D ratio >1 

in females. However association of this with 

carrying angle is strong at lower values of 

carrying angle as seen in males and tends to 

be weak at higher values of carrying angle as 

seen in females. 
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