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The average human male face differs from the average female face in size and shape of the jaws, cheek-

bones, lips, eyes and nose. It is possible that this dimorphism is determined by sex steroids such as

testosterone (T) and oestrogen (E), and several studies on the perception of such characteristics have been

based on this assumption, but those studies focussed mainly on the relationship of male faces with

circulating hormone levels; the corresponding biology of the female face remains mainly speculative. This

paper is concerned with the relative importance of prenatal Tand E levels (assessed via the 2D : 4D finger

length ratio, a proxy for the ratio of T/E) and sex in the determination of facial form as characterized by 64

landmark points on facial photographs of 106 Austrians of college age. We found that (i) prenatal

sex steroid ratios (in terms of 2D : 4D) and actual chromosomal sex dimorphism operate differently on

faces, (ii) 2D : 4D affects male and female face shape by similar patterns, but (iii) is three times more

intense in men than in women. There was no evidence that these effects were confounded by allometry or

facial asymmetry. Our results suggest that studies on the perception of facial characteristics need to

consider differential effects of prenatal hormone exposure and actual chromosomal gender in order to

understand how characteristics have come to be rated ‘masculine’ or ‘feminine’ and the consequences of

these perceptions in terms of mate preferences.
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1. INTRODUCTION
In many species, including humans, testosterone (T)

production and metabolism mobilize resources that

encourage males to attract and compete for mates.

Testosterone affects a number of facial features. In

pubertal males, a high testosterone-to-oestrogen (T/E)

ratio is thought to facilitate the lateral growth of the cheek-

bones, mandibles and chin, the forward growth of the

bones of the eyebrow ridges and the lengthening of the

lower face leading to a more robust face shape (Farkas

1981; Enlow 1996). The influence of oestrogen (E) leads

to a more gracile facial shape with high eyebrows, less

robust jaws and fuller lips.

Hormone markers are also present in females. The

signalling value of many female body features is linked to

age and its related E/T ratio. Johnston & Franklin (1993)

have hypothesized that a female face rated attractive may

be displaying hormone markers (high E/low T) that serve

as reliable indicators of fecundity. Pubertal bone growth

(brow ridges and lower jaw) is stimulated by androgens

(Tanner 1978) and lip fullness parallels E-dependent fat

deposits elsewhere on the female body (Farkas 1981).

Studies examining the perception of hormone markers

in male and female faces have produced apparently

incompatible results. For example, although a number of

experimenters have demonstrated that some women

favour a male face with a large jaw, and prominent brow

ridges and cheek-bones (Grammer & Thornhill 1994;
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Scheib et al. 1999), other studies have reported that some

British and Japanese females prefer a more female-looking

male face with a shorter than average lower jaw (Perrett

et al. 1998; Penton-Voak et al. 1999). Still others have

found that a mixture of mature features (large lower jaw,

prominent cheek-bones and thick eyebrows) and neote-

nous features (large eyes and small nose) is the

configuration of male faces women rate most highly

(Cunningham et al. 1990). Some of these inconsistencies

across studies are thought to result from the different

procedures used to generate the male facial stimuli (for

further discussion see Penton-Voak & Chen 2004).

While facial characteristics in the articles cited were

typically measured as single distances or ratios, there is

much insight to be gained by treating this shape as a whole

(which is, after all, how it is perceived by the viewer of the

opposite sex). Methods for this kind of analysis have not

yet been introduced into the study of human attractive-

ness, and it seemed appropriate to incorporate them into

the investigation of these developmental endocrinological

hypotheses as well. Geometrics morphometrics method-

ology (GMM) is a group of analytical methods for the

multivariate statistical analysis of Cartesian coordinate

data of landmark point locations. These methods preserve

complete information about the relative spatial relation-

ships of landmarks throughout an analysis and, by utilizing

the properties of Kendall’s shape space, allow for the

visualization of group differences and individual

variations.
q 2005 The Royal Society
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In the present study we make use of the GMM for the

study of possible associations between human finger

length patterns (2D : 4D) and variation in facial shapes

of males and females. The 2D : 4D ratio shows a pattern of

mean difference by sex that appears to be established at a

very early age and is correlated with T concentrations

(Manning et al. 1998; Ronalds et al. 2002). Many studies

provide indirect evidence that T stimulates prenatal

growth of the fourth finger while E promotes the growth

of the second finger (see for review Manning 2002). A low

2D : 4D ratio (fourth finger longer than the second) may

thus act as a marker for a uterine environment high in T

and low in E, and such a ratio is more often seen in males.

Conversely, a high 2D : 4D ratio may serve as a marker for

a uterine environment low in T and high in E, more often

found in females. A recent study also provided direct

evidence for the association between 2D : 4D and prenatal

sex steroids. Lutchmaya et al. (2004) obtained radio-

immunoassays of foetal testosterone (FT) and foetal

estradiol (FE) from routine amniocentesis. They

measured 2D : 4D ratios at age 2 years and found a

negative correlation with FT/FE ratio independent of sex.

As 2D : 4D is thought to be a pointer to the early

hormonal environment (i.e. the T/E ratio), we expected a

low 2D : 4D (as a result of high T) to correspond to a

somewhat more robust (‘male-like’) facial shape, whereas

high 2D : 4D (as a result of high E) could correspond to a

more gracile (‘female-like’) facial shape. We further

hypothesized that this holds true for both males and

females in a similar way, so that effects of early exposure to

sex steroids are different from the classic list of sexually

dimorphic features. If this hypothesis were true, it would

(i) lend support to the effects of prenatal androgens

(as indicated by 2D : 4D ratio) on facial shape, and

(ii) contribute to the debate over the causal relations

between hormones and facial features and attributions

regarding such characteristics.
2. MATERIAL AND METHODS
(a) Participants

Our sample comprised 106 volunteers from undergraduate

courses at the University of Vienna (50 males and 56 females).

The mean age of the sample was 22.8 years (range 18–38,

s.d.Z4.0). These participants were selected from an original

sample of 260 volunteers after excluding all those who were

not exclusively heterosexual (by self-report), who were not

right-handed, or who had suffered from any kind of injuries to

the fingers. Likewise, images not meeting the standardization

criteria (explained below) were excluded. Participants were

informed of the purpose of the present study and gave their

informed written consent.

(b) Procedure

(i) Data recording

We measured the lengths of the second and fourth digits of

the left and right hands from the tip of the finger to the ventral

proximal crease from photocopies. Where there was a band of

creases at the base of the digit, we measured from the most

proximal of these. It is known that these measurements can be

made with high repeatability from photocopies of the hand

and that they correlate strongly with 2D : 4D calculated from

total digit length measured from X-rays of the fingers

(Manning et al. 2000). All measurements were made to
Proc. R. Soc. B (2005)
0.01 mm with digital vernier calipers (although the actual

reference points cannot possibly be located to that precision).

Colour digital images of each participant’s face were taken

with a digital single-lens reflex camera at high resolution in

TIFF file format under standardized light conditions (Hedler

Studio Lights, Hedler GmbH) and in frontal view. Partici-

pants were advised to remove any facial adornment, to look

directly into the camera (in place of a more osteological

standardization, such as the Frankfort Horizontal) and to

present a neutral facial expression. Images apparently failing

to meet these criteria, such as images of persons smiling, were

excluded from the analysis (for other exclusions see above).

Camera distance was kept constant at 3 m; the slight optical

distortions of true facial form entailed in this finite spacing are

ignored in the analysis that follows.

(ii) Facial shape analysis

The shape of each face was defined by manually setting 64

predetermined feature points (‘landmarks’) on each image.

While this represents no standard anthropometric scheme

(indeed, there is no such point scheme for facial photo-

graphs), it seems to us to be reasonable and thorough;

the nearest comparable somatometric method may be

Knussmann’s (1988). From these points, 32 could be

unambiguously identified in every case at positions that

could plausibly be claimed to correspond from face to face on

biological or perceptual grounds. The remaining landmarks

lie on curves (e.g. the outline of the jaw or the lips) that are

homologous among individuals but along which no exact

landmark positions can be identified in the direction along

the curve (figure 1a). These points were thus treated as

semi-landmarks (Bookstein 1997; Gunz et al. 2005). At a

semi-landmark, only the coordinate perpendicular to the

curve comes from the actual data; its position along the curve

is estimated by the ‘sliding landmark’ algorithm so as to

remove any information from the analysis that is an artifact of

landmark spacing. Such semi-landmarks can be treated as

homologous landmarks in the subsequent statistical analysis.

The 64 landmarks of the 106 faces—a total of 13 568

coordinates—were analysed using the geometric morpho-

metric toolkit, which is based on the landmark coordinates

themselves rather than on calculated or measured distances

among the landmarks. The mathematical theory and

biological application of geometric morphometrics are well

understood (Bookstein 1991, 1996; Marcus et al. 1996;

Dryden & Mardia 1998; O’Higgins 2000; Slice 2005), and its

statistical properties have been proven superior to those of

distance or angle-based methods (Rohlf 2000a,b, 2003). The

first step in the geometric morphometric analysis is the

so-called Procrustes superimposition of the raw landmark

coordinates. All landmark configurations are translated to

the same origin (centroid), scaled to the same size (centroid

size (CS), which is the square root of the sum of the variances

of the x-coordinate and the y-coordinate within each case)

and rotated to minimize the variance of within-landmark

position summed over all landmarks in the configuration

(Rohlf & Slice 1990). The resulting Procrustes coordinates

(figure 1b) capture shape information only and can be used

for subsequent multivariate statistical analyses. One major

advantage of geometric morphometrics is that statistical

results like multivariate regressions and principal components

emerge in terms of landmark coordinates and can thus be

visualized as shapes or shape changes in the original space. In

this paper we exploit the latter version, showing the effects of

http://rspb.royalsocietypublishing.org/


Figure 1. (a) An example face with 64 predefined landmarks. The grey-filled circles indicate classical landmarks that can be
identified unambiguously, the white-filled circles are semi-landmarks that lie on a curve (see §2), and the forehead boss points
(solid black) are used for visualization only and are not included in the statistical analyses. (b) All 106 landmark configurations
superimposed by the Procrustes fit. These coordinates are the basis for further statistical analysis.

low 2D:4D ratio high 2D:4D ratio
0.831 0.899 0.967 1.035 1.103

–4 s.d. –2 s.d. average +2 s.d. +4 s.d.

Figure 2. Visualization of the shape regression on 2D : 4D ratio (averaged among both hands) within males. The middle face
with an undeformed square grid is the average landmark configuration and corresponds to the average digit ratio for males. The
right grids show deformations from the mean face to faces that are predicted for higher 2D : 4D ratios (0.068Z2 s.d. and
0.136Z4 s.d., respectively, higher than the average). The left faces correspond to low 2D : 4D ratios (K2 s.d. and K4 s.d.).
The G4 s.d. values are outside the data range.
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a change both on the form and on a grid superimposed over

the average form. The grid depicted, a thin-plate spline (TPS;

Bookstein 1991), is the customary choice in this field, as its

assumptions are consistent with those underlying the

Procrustes method of superposition.

To assess the association between facial shape and 2D : 4D

ratio we performed a regression of the full vector of Procrustes

shape coordinates on the 2D : 4D ratio (one hand at a time).

The alpha level of significance of this regression was

calculated by a Monte Carlo permutation test (Good 2000)

with the generalized shape variance explained by the

regression (sum of the variances explained by 2D : 4D over

all the shape coordinates separately) as the test statistic.
3. RESULTS
(a) Digit ratio

As found in previous studies (e.g. Manning et al. 1998;

Manning 2002), males had a lower average 2D : 4D ratio

than females both on the right hand and on the left hand

and the mean differences were significant both with a

parametric t-test (2D : 4D right hand: males 0.969G0.036,
Proc. R. Soc. B (2005)
females 0.983G0.034, tZK2.16, pZ.032, two-tailed;

2D : 4D left hand, males 0.965G0.038, females

0.985G0.040, tZK2.89, pZ.004, two-tailed) and a

non-parametric permutation test (right hand: pZ.016,

left hand: pZ.003).

(b) Facial shape

Figure 2 shows the results of the shape regression on

2D : 4D ratio within males. The middle face with an

undeformed square grid is the average landmark con-

figuration. The right faces correspond to 2D : 4D ratios

that are 0.068 (2 s.d.) and 0.136 (4 s.d.), respectively,

higher than the average. The left faces correspond to low

2D : 4D ratios (K2 s.d. and K4 s.d.). The corresponding

TPS deformation grids illustrates how the picture around

the average shape has to be deformed to result in the target

landmark configuration. For instance, it directly visualizes

the compression of the lower jaw (especially the chin)

relative to the midface that is presumed to be produced by

the same features causing the higher 2D : 4D ratio. As this

study is of shape only, all local size differences have to be

seen as relative to other regions—total size remains the
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Figure 3. Shape regression within males on the 2D : 4D ratio of the left hand (upper and lower left figures), the right hand
(middle figures), and the mean 2D : 4D ratio (right figures). The three upper figures are visualizations of predicted faces for
2D : 4D ratio 4 s.d. higher than the average. Accordingly, the lower figures are predicted faces for 2D : 4D ratio 4 s.d. lower than
the average.
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same in all faces. Conversely, the left faces in figure 2

correspond to a low 2D : 4D ratio. The main shape

changes associated with the 2D : 4D ratios are the shape of

the lips and the breadth of the jaws, the zygomatic arch,

and the chin.

A Monte Carlo permutation test of the shape regression

rejects the null hypothesis of no association between facial

shape and 2D : 4D ratio with p ! 0.05. When confining

the analysis to the first five pairs of partial warps only (i.e.

the 10 dimensions in shape space with the most large-scale

shape deformations, see Bookstein 1991; Rohlf 1995), the

regression is significant with p!0.005. An additional

validation for the stability of the result is the fact that the

regressions for the left and for the right hand are very

similar (figure 3).

Figure 4 visualizes the results of the shape regression on

the 2D : 4D ratio for females. Although the deformation

grids resemble those for males in figure 3, the regression

for females is less stable and not significant. Moreover, the

shape change predicted for an increase in 2D : 4D ratio is

about three times higher in males than in females. The

vector norms of the regression slope vectors are 0.197 and

0.069, respectively: these are in units of Procrustes

distance per unit change in 2D : 4D.

Facial shape differs significantly between the sexes

(permutation test, p!0.001 after 3000 permutations).

Figure 5 illustrates the actual mean difference of facial

shape by sex as deformation grids. We did not find a

relationship between 2D : 4D ratios and body height or CS

of facial landmarks (for all four correlations of 2D : 4D with

either CS or body height within both sexes R2!0.04 and

pO0.2, F-test.). Correspondingly, the visualizations of
Proc. R. Soc. B (2005)
both 2D : 4D ratios and sexual dimorphism and associated

facial shape did not change appreciably when corrected for

body height or CS. Further, there was no significant

relationship between 2D : 4D ratio and facial asymmetry

calculated after Mardia et al. (2000) either when the

analysis was based on all landmarks and semi-landmarks or

when we used only the 30 most reliable landmarks: for all

correlations between 2D : 4D ratio and asymmetry—using

both fluctuating asymmetry and total asymmetry, within

each sex separately and over both sexes, both landmark

sets—R2!0.006 and pO0.5, F-test.
4. DISCUSSION
The aim of this study was to examine possible relation-

ships between finger length ratios (2D : 4D) and facial

shape of males and females. As reported in previous

studies (e.g. Manning 2002), we also found a sex

difference in 2D : 4D ratio with males, on the average,

having lower 2D : 4D ratio than females on both hands.

Shape regression of the facial landmark coordinates

upon 2D : 4D ratio for both male and female faces shows

that some characteristics which are considered typically

‘male’ correspond to low 2D : 4D ratios, whereas some

typically ‘female’ features correspond to high 2D : 4D

ratios. To our knowledge, this is the first investigation

regarding variation of facial shape that visualizes charac-

teristics associated with high and low levels of prenatal sex

steroids (as measured by proxy via 2D : 4D ratio).

Moreover, these effects show a different pattern than the

actual facial sexual dimorphism (as shown in figure 5) and

we found no evidence that these effects were confounded

http://rspb.royalsocietypublishing.org/
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Figure 5. Sexual dimorphism in facial shape. The two inner deformation grids are thin-plate spline visualizations of the shape
differences between the average male face (m) and the average female face (f ). To enhance the details these differences were
exaggerated by two in the outer grids.
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Figure 4. Shape regression within females on the 2D : 4D ratio of the left hand (left figures), the right hand (middle figures), and
the mean 2D : 4D ratio (right figures). The three upper figures are visualizations of predicted faces for 2D : 4D ratio 6 s.d. higher
than the average. Accordingly, the lower figures are predicted faces for 2D : 4D ratio 6 s.d. lower than the average.
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by allometry or facial asymmetry. The fact that body

height likewise was not significantly related to 2D : 4D or

CS of facial landmarks supports this view and is in line

with previous studies that also did not find a significant

relationship between 2D : 4D with age or body height

(Manning 2002; Lippa 2003).

According to Mazur & Booth (1998), early exposure to

higher levels of T is likely to produce more male-like

characteristics (masculinization) and fewer female charac-

teristics (defeminization), whereas less exposure to T

causes the reverse. These pre- and perinatal hormone

effects are claimed to organize the architecture of the brain

and body (e.g. McEwen 1988). In humans, there is,

however, only limited evidence available for this claim,

perhaps in part for ethical reasons (i.e. the assessment of

foetal sex steroids is not warranted without a clinical

indication and only longitudinal data would empirically
Proc. R. Soc. B (2005)
support the claims here). Research on human facial

characteristics, therefore, has concentrated on the corre-

lates of physical features and actual levels of sex steroids.

In particular, the link between hormones and human facial

features is a much-discussed topic in human evolutionary

biology.

Yet, there is little empirical evidence to support many of

the theories put forward. In one recent study, Swaddle &

Reierson (2002) noted that most of the previous studies on

facial appearance had not considered actual measures

of T. Swaddle & Reierson (2002) themselves used data

from men with natural T levels and also from men with

low levels of T (taken from Verdonck 1997; Verdonck et al.

1999) to manipulate facial characteristics (e.g. face height,

lower jaw) accordingly in order to isolate the effects of Ton

facial shape. Females were asked to rate the dominance

and attractiveness of these faces, and it was found that the

http://rspb.royalsocietypublishing.org/
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‘high-T’ faces produce higher dominance ratings but were

not rated more attractive. Neave et al. (2003) found that

low 2D : 4D ratios in males were significantly related to

female perceptions of male dominance and masculinity

but, again, not to attractiveness, consistent with the

supposition by Swaddle & Reierson (2002) that features

developed under the influence of testosterone do not

directly account for attractiveness but rather for male

dominance and masculinity. However, Neave et al. (2003)

did not find substantial correlations between circulating

levels of T and dominance, masculinity or attractiveness,

leading them to speculate that any association between

these features operates only at an early stage in life. More

recently, Penton-Voak & Chen (2004) investigated the

relationship between circulating levels of T and facial

appearance. They constructed composites from faces of

men with high and low T and had them rated for facial

masculinity and attractiveness. ‘High-T’ composites were

judged more masculine.

These studies suggest that human faces display the

so-called—‘hormone markers’, honest cues to fertility and

health that are known to affect judgments of facial

characteristics (e.g. Fink & Penton-Voak 2002). Common

to all such studies is the supposition that the signals which

make a male typically ‘male’ and a female typically

‘female’ should be key signals for ratings of attractiveness

in mate choice (for review see Grammer et al. 2003).

However, although there is accumulating evidence from

previous research for links between facial characteristics

and sex steroids, it is still unknown how and at what stages

of ontogeny they affect changes in facial shape. Further-

more, most studies have investigated associations between

T and male facial characteristics, while data on the

relationship between female facial characteristics and E

remain speculative since they have been studied only at the

perceptual level. For instance, some studies have found

that women with a small mouth and full lips were rated

attractive, because they are supposed to demonstrate high

E levels and thus optimal fertility hormone profiles

( Johnston & Franklin 1993; Thornhill & Gangestad

1999). Again, as for the studies on male facial appearance

we cited earlier, these conclusions on female facial

characteristics were drawn mainly without having infor-

mation on actual hormone levels and remain mainly

speculative since the relation between sex steroids and

facial appearance was not quantified. Digit ratio has been

suggested to be related to foetal growth and there is now

direct and indirect evidence that 2D : 4D is established in

utero and is negatively related to prenatal T and positively

with prenatal E (Lutchmaya et al. 2004).

In view of the data we present here, facial character-

istics that have been previously reported to be perceived as

typically ‘masculine’ or ‘feminine’ may be a composite of

at least two factors operating differently on facial shape.

The first factor is the prenatal environment’s levels of sex

steroids. It may be that T per se rather than E or T/E ratio is

the candidate, as the shape regressions on 2D : 4D ratios

are very similarly patterned for men and women but much

stronger for men. Actual chromosomal sex dimorphism

must be regarded as a separate, second factor. It is

visualized in the grids (figure 5) by the more pronounced

lower male face, presumably reflecting its extended

growth, whereas the prenatal hormonal environment

affects another dimension which is supposedly
Proc. R. Soc. B (2005)
‘robusticity’. As male faces, on average, show both

hypermorphosis (Enlow 1996; Rosas & Bastir 2002;

Schaefer et al. 2004; Bulygina et al. in press) and score

higher on robusticity than females (due to lower 2D : 4D

ratios), it is likely that the composite of both of these

characteristics together is perceived (and found in rating

studies) as ‘masculine’. We suggest that future studies on

facial characteristics and the perception of them need to

consider these differential effects on facial shape in order

to get a more accurate picture of what causal association

between hormones and facial features is actually perceived

and rated when viewing facial stimuli.
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