R.J.O. Taduran, et al., Int. J. of Design & Nature and Ecodynamics. Vol. 11, No. 4 (2016) 676—685

COMPLEX SYSTEMS IN HUMAN DEVELOPMENT:
SEXUAL DIMORPHISM IN TEETH AND FINGERPRINTS
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ABSTRACT

Human teeth and fingerprints have similar embryological origin from epithelial-mesenchymal interactions.
This study aims to determine the nature and extent of sexual dimorphism in fingerprints and teeth of twins;
investigate the influences of genetic, epigenetic and environmental factors on observed variation; identify
possible developmental associations between the phenotypes; and explore whether both systems display the
features of complex adaptive systems. Mesiodistal (MD) measurements from both primary and permanent teeth
and ridge density (RD) from three different finger areas, namely ulnar (U), radial (R), and proximal (P), from
fingerprints of the same set of monozygotic and dizygotic Australian twins (28 males and 31 females aged 8 to
10 years, and aged 13 to 16 years, respectively) were collected and analysed. Sexual dimorphism was observed
in both the primary and permanent dentitions, with the latter showing greater magnitude of differences than
the former. There was no observed sexual dimorphism in the fingerprints of the 8 to 10 year cohort, but a few
finger areas (left index U, right index R, left little R, and left little P) of the 13- to 16-year cohort exhibited
significant differences, showing that friction ridges expand over time. It was concluded that both dentition and
dermatoglyphics display characteristics of complex adaptive systems.

Keywords: complex adaptive system, dentition, tooth size, dermatoglyphics, fingerprints, human development,
mesiodistal, ridge density, sexual dimorphism.

1 INTRODUCTION
Sexual dimorphism is defined as the phenotypic or observable difference between males and females
of the same biological species. A number of studies have been conducted on sexual dimorphism in
the human dentition. In general, males have larger crown diameters than females [1,2], and sexual
dimorphism is greater in permanent than in primary dentition [2,3]. Meanwhile, studies on sexual
dimorphism in adult human dermatoglyphs reveal that males have fewer ridges than females [4,5].

The development of the human dentition and of dermatoglyphs has similar embryological origin
from epithelial-mesenchymal interactions [6]. During embryonic growth, patterning, or the estab-
lishment of groups of cells in the proper relationship to each other and to surrounding tissues, occurs.
Patterning is a longitudinal event that eventually leads to differentiation of cells to assume special-
ised functions and shapes. Primary teeth start to develop around 4 to 6 weeks in utero [6], while
ridged skin begins to form around 10 to 16 weeks in utero [7].

Human development in general is a complex adaptive process that is influenced by genetic, epige-
netic and environmental factors [8]. The genetic factors interact with epigenetic and environmental
elements at the molecular level and form complex networks within the cells, and from these dynam-
ics arise the higher level tissues. Sexual dimorphism has been suggested by some researchers to be
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governed by sex chromosomes [9,10] but there have been others who have suggested that hormones
are also important [11,12]. Dental and dermatoglyphic patterns develop in utero, and once stabilised,
their unique and persistent morphology makes them valuable models in studying sexual dimor-
phism. This study aimed to determine the nature and extent of sexual dimorphism in mesiodistal
crown measurements of teeth and ridge density counts of fingerprints of twins; to investigate the
influences of genetic, epigenetic and environmental factors; and to identify possible developmental
associations and covariance of the studied phenotypes.

2 MATERIALS AND METHODS

Twin samples were obtained from the ongoing longitudinal studies of the Craniofacial Biology
Research Group in the School of Dentistry at the University of Adelaide [13], which is one of the
four most extensive investigation of its type in the world [14]. Serial dental casts of primary and
permanent dentitions, and rolled ink prints of fingers of individuals aged 8 to 10 years and 13 to 16
years of the same cohort of monozygotic and dizygotic Australian twins (28 males and 31 females)
were collected and analysed. Dental casts showing wear, caries, or restorations and ten-prints with
smudge ink and scarred patterns in any of the fingerprints were excluded.

Mesiodistal crown diameter (MD) was measured as the distance between the mesial and distal
contact points of the tooth crown [1,15] by using a 2D imaging system. Dental casts were oriented
using an adjustable stage to obtain the correct plane or angle before taking images and a calibrated
Image J [16] software was used to digitise landmarks (Fig. 1). Measurements were obtained for
central incisors (I1), lateral incisors (I2), canines (C), first molars (M1) and second molars (M2) of
primary and permanent teeth.

Ridge density (RD) was measured by counting friction ridges diagonally on a square measuring
5 mm x 5 mm to isolate ridges within a well-defined area [4,17]. Measurements were obtained in
three different finger ridge locations, namely, distal ulnar (U), distal radial (R), and proximal (P), of
each of the ten fingerprints in both cohorts. The three areas were located by dividing the rolled prints
into four sectors, with two perpendicular axes that cross two ridges above the centre [17]. Fingers

Figure 1: Mesiodistal (MD) measurement on a permanent upper first molar from the occlusal view.
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Figure 2: Locations of fingerprint areas — distal ulnar (U), distal radial (R) and proximal (P) — on
each finger, and an enlarged 5 mm x 5 mm area to facilitate ridge density (RD) count.

were assigned with a numerical order 1-10, with finger 1 being the right thumb and finger 10 being
the left little finger (Fig. 2).

Data were statistically analysed using XLSTAT statistical software. Descriptive statistics includ-
ing means, standard deviations (SD) and coefficients of variation (CV) were computed for MD and
RD. Differences between sexes and sides were calculated using student’s unpaired t-test. Differ-
ences among fingers and finger areas were examined with analysis of variance (ANOVA). Finger
ridge differences between age groups were compared with paired t-test. Pearson’s coefficient was
calculated to examine correlations between the variables.

3 RESULTS
MD measurements and RD counts were normally distributed, and results of intra and inter-operator
repeatability tests showed that errors in methodological measurements were negligible and not likely
to bias data. Shown in Table 1 are the mean values, SD and CV of mesiodistal (MD) measurements
of primary and permanent teeth.

Highlighted in yellow background and bold text are the sexually dimorphic dental measurements,
where mean values are different between sexes at p < 0.05. Mean values of MD crown dimensions
of males were consistently greater compared to females in all teeth. Permanent dentitions displayed
greater sexual dimorphism compared to primary dentitions. There were no left-right differences
observed in MD measurements of all primary and permanent dentitions.

Shown in Table 2 are the mean values, SD and CV of ridge density (RD) counts of fingerprints of
8 to 10 years old cohort and 13 to 16 years old cohort.

All mean values of RD based on finger type and finger area were statistically different to each
other at p < 0.05. Highlighted in blue background and italics are the RD counts that were found to
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Table 3: Pearson correlation coefficients of the dental (mesiodistal
width) and dermatoglyphic (ridge density) traits.

Males Females Males Females
Finger Area Primary Permanent
Maxillary MD
Ulnar 0.20 0.16 0.16 0.13
Radial 0.12 0.11 0.11 0.08
Proximal -0.03 -0.12 -0.04 0.00
Mandibular MD

Ulnar 0.27 0.25 0.38 0.30
Radial 0.13 0.16 0.24 0.23
Proximal -0.07 -0.16 -0.11 -0.01

be statistically different on both sides. More differences were observed in the younger (8—10 years
old) cohort. The ulnar area (U) was the most irregular of all finger ridge areas in terms of left-right
discrepancies, yet it was observed to have smaller RD in the right side, which indicates thicker
finger ridges. Most of the thicker ridges in the radial (R) and proximal (P) areas were observed in
the left fingers.

Highlighted in yellow background and bold text are the sexually dimorphic dermatoglyphic meas-
urements, where mean values are different between sexes at p < 0.05. Only a few sexually dimorphic
finger ridge areas were observed to be greater from the older cohort (13—16 years old), with smaller
mean values for RD in males, which indicates thicker and fewer friction ridges within the 5 mm?
square. Based on paired t-test, all mean values of RD are different between age groups at p < 0.05,
with the older cohort showing smaller RD values compared to the younger group.

Pearson’s coefficients (r) between teeth and fingerprints are presented in Table 3. Highlighted in
yellow background and bold text are the significant correlations between dental trait MD and derm-
atoglyphic characteristic RD (ulnar, radial and proximal) at p < 0.05. Overall, the correlations
between teeth and fingerprints are low, but the RD in the ulnar area emerged with the highest coef-
ficients with MD diameter of the maxillary and mandibular dentition in both sexes.

Correlation coefficients were calculated within groups of dental and dermatoglyphic variables at
p <0.05. All MD diameters taken from different tooth types were positively correlated to each other
in the primary teeth (0.31-0.95). Only some MD measurements (71 of 231 in males, 119 of 231 in
females) were positively correlated with each other in the permanent teeth (0.40-0.84), and more
significant values were observed in females than males. Meanwhile, only some RD counts from dif-
ferent fingers and areas were positively correlated to each other (312 of 435 in young males and 252
of 435 in young females, 147 of 435 in old males and 112 of 435 in old females), with more signifi-
cant values in males and the young cohort. Greater r values were observed in the old cohort (0.35 to
0.75) compared to the young cohort (0.19 to 0.59).

4 DISCUSSION
The degree and patterning of sexual dimorphism in the dentition varies according to tooth type. Our
observation of the permanent dentition showing more pronounced sexual dimorphism than primary
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dentition agrees with previous findings [1,2]. The permanent lower canines displayed the largest
sexual dimorphism in MD measurements, similar to the results of Garn et al. [3] and Ribeiro et al.
[12] who pointed out that dental development might occur under fairly high levels of testosterone
influence, and this could explain the differences in sexual dimorphism between primary and perma-
nent teeth of same individuals.

The degree and patterning of sexual dimorphism in the dermatoglyph varies according to the fin-
ger area and finger type. In this study, there was no observed sexual dimorphism in the 8 to 10 year
old group, while fingerprints of the 13 to 16 year old group displayed sexual dimorphism in the ulnar
and radial areas of the index finger, and radial and proximal areas of the little finger. Few studies
have investigated subadult fingerprints, and our results could be preliminary empirical evidence that
friction ridges expand as individuals grow and develop, and possibly more so in males than females.
It seems that sexual dimorphism in dermatoglyphic development commences during puberty, when
a testosterone surge occurs in males [18].

There are three surges of testosterone that occur in normal male development. The first surge
begins at around the 7th to 9th week of pregnancy, following testicular differentiation, and the tes-
tosterone level is at its highest around the 14th week [19,20]. The second surge occurs after birth due
to the reduction of oestrogen produced by the placenta [18]. The third surge, as previously men-
tioned, occurs during puberty.

Primary dentition starts to develop at around 4 to 6 weeks in utero [6] and continues until around
one year after birth. Permanent dentition begins to form 14 weeks in utero and continues to develop
until at around 14 years of age [21]. Meanwhile, primary ridge formation begins at around 10 to 16
weeks and ends on the 17th week, then secondary ridges form until the 24th week in utero [7]. Our
results suggest that the first two testosterone surges have a critical role in the sexual dimorphism of
both the primary and permanent dentitions, while the third testosterone surge influences the sexual
dimorphism of the fingerprints.

Human development is a complex adaptive process [8] and the human body is a complex adaptive
system. This study has shown that both teeth and fingerprints are interconnected, yet they still have
a degree of autonomy. They share a similar embryological origin and epithelial-mesenchymal inter-
actions [6], yet they develop and interact with epigenetic and environmental factors differently. The
interactions may be unpredictable, with no central control, but they are not random, as regularities
and patterns emerge to find the best fit with the environment.

This research is the first to study both human dental and dermatoglyphic traits. Although a number
of studies have been conducted on human dentition and dermatoglyphs separately, no attempt has
been made previously to explore possible correlations between the two. This research furthers the
investigation on the complex mechanisms and interactions occurring during dental, dermatoglyphic
and general development with mesiodistal (MD) diameters of the teeth and ridge density (RD) counts
of the fingerprints. In the future, more dental and dermatoglyphic traits could be studied together.
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