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Structured Abstract

Objectives — Several reports have demonstrated a relationship between
second to fourth digit ratio (2D:4D) and facial shape, suggesting that pre-
natal sex hormones play a role in the development of the craniofacial
complex. Using 3D surface imaging and geometric morphometrics, we
test the hypothesis that decreased digit ratio (indicative of increased
prenatal androgen exposure) is associated with a more masculine facial
phenotype.

Methods — 3D facial surface images and digit measures were collected
on a sample of 151 adult males. Facial landmarks collected from the
images were aligned by Procrustes superimposition and the resulting
shape coordinates regressed on 2D:4D. Variations in facial shape related
to 2D:4D were visualized with deformable surface warps.

Results — A significant statistical relationship was observed between
facial shape variation and 2D:4D (p = 0.0084). Lower 2D:4D ratio in adult
males was associated with increased facial width relative to height,
increased mandibular prognathism, greater nasal projection, and
increased upper and lower lip projection.

Conclusions — A statistical relationship between 2D:4D and facial shape
in adult males was observed. Faces tended to look more masculine as
2D:4D decreased, suggesting a biologically plausible link between prena-
tal androgen exposure and the development of male facial characteristics.

Key words: digit ratio; face shape; geometric morphometrics; sex
hormones

Introduction

Hormones are among the most important factors influencing
facial form in humans. The differential action of testosterone
and estrogen in males and females throughout the life-span is
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ultimately responsible for the sexual dimorphism
apparent in the craniofacial complex, whether
through direct action on bone and cartilage or by
affecting the growth of associated soft tissue
functional matrices (muscles and organs).
Although reduced in humans compared to other
primates, sexual dimorphism is still one of the
principal sources of facial shape variation in
modern humans (1-3). Although most apparent
in adults, the influence of sex hormones on facial
morphology likely begins early in life; sex differ-
ences in mandible shape have been reported in
infant osteological samples (4). Such morpholog-
ical sex differences are typically attributed to the
differential effects of endogenous postnatal hor-
mones and/or the action of genes residing on the
sex chromosomes. However, prenatal exposure
to exogenous sex hormones of maternal origin
may also be an important factor. The degree to
which prenatal sex hormone exposure influences
postnatal patterns of facial growth in humans is
still largely unclear.

Because direct access to prenatal sex hormone
exposure is impossible in most scenarios, the
ratio of second digit to fourth digit length (2D:4D)
is often used as a postnatal phenotypic proxy (5).
There is a large body of evidence linking 2D:4D to
the relative amounts of prenatal testosterone and
estrogen available during development (6). Lower
2D:4D, typically observed in males, tends to be
associated with a high-testosterone/low-estrogen
prenatal environment. The 2D:4D phenomenon
can be explained mechanistically by the dispro-
portionately high number of androgen and estro-
gen receptors present within the developing
fourth digit (7); depending on the balance of pre-
natal sex hormones, chondrocyte proliferation in
the fourth digit will be either disproportionately
accelerated or decreased relative to other digits.
Accordingly, a large number of correlational stud-
ies have used 2D:4D to evaluate the influence of
prenatal sex hormones on a wide variety of
human and non-human traits. To date, only a
handful of studies have focused on facial shape.

Using standard frontal photographs, Fink et al.
(8) were the first to explore the relationship
between 2D:4D and facial shape in a sample of
adults. They reported that lower 2D:4D (indica-
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tive of a high-testosterone prenatal environment)
was associated with a brachycephalic facial con-
figuration, characterized by increased breadth
relative to length. This pattern was particularly
apparent in the lower portion of the face and
was roughly similar in both males and females.
In a separate follow-up study, Meindl et al. (9)
explored this same relationship in a sample of
pre-pubertal boys; they found a pattern similar
to adults, with the face becoming more robust
and ‘masculine’ as the digit ratio decreased.
Conversely, Burriss et al. (10) found relatively no
evidence that 2D:4D correlates with specific
measurements of the lips, nose, and jaw in adult
males; in females, the correlation was limited to
nasal width. While these are promising results,
all of the aforementioned studies are hampered
by data acquisition methods that are incapable
of fully capturing the complex 3D geometry of
the human face. Two-dimensional photography
can significantly distort facial structures and lim-
its the ability to simultaneously quantify facial
structures in multiple axes. As a result, a number
of facial features suspected to be under the
influence of prenatal sex hormones have been
incompletely represented in prior studies.

Recent advances in 3D surface imaging technol-
ogy have now made it feasible to capture and
quantify the human face in large numbers of indi-
viduals (11). The focus of the current study is to
explore the relationship between 2D:4D and facial
shape, using a combination of 3D facial surface
imaging and geometric morphometrics. We pre-
dict, based on prior reports, that low 2D:4D in
adult males will be associated with a more eury-
prosopic (short, wide) facial appearance. We also
predict that mandibular prognathism, a trait typi-
cally associated with masculine facial appear-
ance, will increase as 2D:4D decreases.

Materials and methods
Study sample

A sample of 151 adult male individuals partici-
pated in this study. These participants represent
a subset of subjects recruited as part of a larger
study of normative craniofacial variation (12).



Additional information about the parent study
can be found at: https://www.facebase.org/
facial _norms. All subjects included in this study
were between 18 and 40 years of age, were of
recent western FEuropean derivation (self-
reported), and were unrelated. The mean age of
the male sample was 26.55 years (SD = 6.16).
Exclusion criteria for participating in the study
included any history of craniofacial surgery or
head trauma or any personal/family history of
any condition that might affect the structure of
the head or face. Individuals with conspicuous
injuries to the digits under observation and indi-
viduals with facial hair were also excluded, as
the latter can interfere with 3D facial imaging
and the identification of facial landmarks. All
aspects of this study received institutional ethics
approval.

Digit measurements

The second and fourth digits were measured on
the left and right hand of each subject directly
with 150-mm sliding calipers (GPM, Switzer-
land). Each digit measurement was taken in a
uniform manner. Subjects were asked to extend
their digits until straight, but not over hyperex-
tended, in the palm-up position. The tip of one
arm of the caliper was then placed at the crease
demarcating the metacarpophalangeal joint of
the second digit; if there was more than one
crease, the proximal-most crease was used. The
tip of the other arm of the caliper was then
made to contact the central portion of the distal

Fig. 1. Example of a 3D facial
surface with anatomical land-
marks identified. Landmark
abbreviations: n (nasion); prn
(pronasale); sn (subnasale); Is
(labiale superius); sto (stomion); li
(labiale inferius); sl (sublabiale);
gn (gnathion); ch (chelion) cph
(crista philtri); sbal (subalare); t
(tragion); al (alare); ex (exocanthi-
on); en (endocanthion).

Weinberg et al. Digit ratio and face shape

tip of the distal phalanx. Care was taken not to
use too much pressure so as to deform the soft
tissue. The process was repeated for the 4th
digit. The direct measurement of digits has been
shown to have a high degree of precision in
previous studies (13,14). The 2D:4D ratio was
calculated from the raw measurements. Calcu-
lated ratios from the left hand were included in
the present analysis, as previous reports have
shown similar patterns of facial shape both
hands (8).

Image acquisition and landmark collection

3D facial surface images were captured using a
3dMD imaging system (3dMD, Atlanta GA),
using established protocols (15). The 3dMD sys-
tem uses digital stereophotogrammetry to cap-
ture the geometry and skin texture of faces in
less than 2 ms (16). The resulting point cloud is
typically comprised of 20 000-40 000 points.
Measurements derived from 3dMD facial cap-
tures have been independently tested for preci-
sion and accuracy (17,18).

Each 3D facial surface was cleaned by
removing extraneous surface data from the
neck and scalp hair. The 3D surfaces were then
landmarked by a single trained investigator
using 3dMDvultus software. Twenty-two stan-
dard facial landmarks were included (Fig. 1).
These landmarks are well defined in the
anthropometric literature (19) and have been
shown to demonstrate low operator error. The
x, ¥, and z coordinate locations associated with
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the landmarks were saved for subsequent
shape analysis.

Geometric Morphometric Analysis

The x, y, and z coordinates were imported into
the morphometrics analysis program Morpho]
v1.05f (20). A Procrustes superimposition was
performed in order to align the individual land-
mark configurations to one another, resulting in
a new set of coordinates representing shape. The
relationship between left digit ratio and facial
shape for each sex was assessed using regres-
sion, with the shape coordinates as the depen-
dent variable and left 2D:4D ratio as the
independent variable. To facilitate visualization,
the shape changes associated with the regression
vector were imported into the program Landmark
v3.6 (UC Davis; http://graphics.idav.ucdavis.edu/
research/projects/EvoMorph) to generate surface
warps.

Results

The mean left 2D:4D in our adult males sam-
ple was 0.98 (SD = 0.04). Regression analysis
revealed that 1.7% of facial shape variation was
accounted for by left 2D:4D. This relationship
was determined to be statistically significant
using a nonparametric permutation test (5000
resamples; p-value = 0.0084).

Low 2D:4D ratio

The nature of the facial shape variation associ-
ated with 2D:4D is modeled as 3D surface mor-
phs in Fig. 2. In frontal view, lower 2D:4D ratio
was associated with an overall increase in facial
width relative to height. In profile, lower 2D:4D
was associated with increased mandibular prog-
nathism, greater nasal projection, increased
upper and lower lip projection, a higher position
of the labiomental sulcus, and a greater facial
depth (as measured from the central midface to
the landmark tragion). The reverse trends were
apparent for facial traits associated with higher
2D:4D. Despite the overall tendency toward
shorter and wider faces, lower 2D:4D was also
associated with a relative lengthening and nar-
rowing of the philtrum; conversely, a shorter and
wider philtrum was apparent with higher 2D:4D
in combination with the overall narrower and
longer face.

Discussion

The present results suggest that certain features
that define the male face are influenced by
androgens present during prenatal development.
Our results show that within a sample of adult
males, digit ratio covaries with specific aspects
of facial shape. As predicted, low 2D:4D was
associated with an overall tendency toward a
relatively euryprosopic facial appearance. This
finding is in partial agreement with several prior

High 2D:4D ratio

Fig. 2. The relationship between 2D:4D and facial shape represented as 3D surface warps. The center image in the top and bot-
tom row represents an average face from our sample. The facial models on either end of the continuum represent deformations
based on the regression of 2D:4D on the shape coordinates. The surface warping was created using the program Landmark v3.6
(see text for URL) by applying deformation vectors derived from the shape regression of 22 landmarks to the entire facial surface.
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reports (8,9,21), where the overall shape of the
face tended to become broader as 2D:4D
studies, however,
focused much more heavily on the lower third
of the face compared with the present analysis,
where the breadth increase was observed in the
middle and upper portions of the face. Within
these individual facial regions, the picture was
slightly more complex. For example, at the same
time the overall face increased in relative
breadth, the philtrum became both narrower
and longer as 2D:4D decreased. This suggests
that prenatal androgens may influence facial
development in a modular manner, with discrete
effects on different anatomical components of
the face.

One major advantage of the present study is
the use of 3D facial imaging methods, which
allow us to simultaneously model shape in more
than one axis. When shape was modeled with
the face viewed in profile, low 2D:4D was associ-
ated with a number of shape changes not
described in previous studies, which were lim-
ited to 2D frontal photographs. Men with lower
2D:4D tended to have more protrusive mandi-
bles, noses, and lips. These facial features have
been associated with more ‘masculine’ appear-
ance (2,22,23), supporting the role of androgens.
The co-occurrence of mandibular protrusion
with brachycephalic head/face shape is also well
documented in the orthodontic literature (24),
suggesting underlying changes within the cranial
base may be driving this pattern of integration.
Unfortunately, in the present study, our data
were limited to the facial surface.

Many of the shape features associated with
2D:4D are similar to aspects of facial shape that
distinguish males from females. Increased man-
dibular prominence, nasal projection, and facial
breadth are well-known facial feature distin-
guishing adult males from females (1,2,22-25);
that these features are also associated with lower
2D:4D suggests that prenatal androgen exposure
may partly explain their sexually dimorphic pat-
tern of expression. In another recent study, Vele-
minska et al. (23) reported that male faces were
characterized by a tendency toward hypotelo-
rism (reduction in the distance between the

decreased. These earlier
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eyes) once the effect of size was removed. Our
data suggest that within males, there was a ten-
dency toward hypertelorism with lower 2D:4D. It
is important to remember that sexual dimor-
phism in facial shape is the net result of multi-
ple factors compounded over the lifespan
interacting in complex ways. Prenatal hormone
exposure is only one such factor; others include
circulating levels of postnatal hormones (most
apparent after puberty) and the differential
effects of genes residing on sex chromosomes.
An appreciation of how all of these factors work
in concert to influence variation in facial shape
will be required to gain a more complete under-
standing of the origin of sex differences in the
human face.

Clinical relevance

Understanding the multitude of factors that
underlie variation in facial form in humans is of
practical interest to clinicians who treat patients
with dentofacial deficiencies and malformations.
Endocrine factors have long been recognized as
exerting an influence on growing craniofacial tis-
sues. We typically think of hormones as playing
a significant role during puberty, when craniofa-
cial sex differences become most apparent. This
study examines another source of endocrine
influence: exposure to exogenous maternal hor-
mones during development. We show in this
study that prenatal hormone exposure (as mea-
sured by digit ratio) is associated with specific
patterns of facial shape in adult males.
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