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CHAPTER 1

| NTRODUCTI ON

The high variability of epidermal ridge configurations
makes dermatoglyphic traits useful morphological features
in the study of population differences. To this end, derma-
toglyphic traits have been frequently wused and population
differences 1iIn the frequencies of types of ridge patterns

have been well documented. Although at present there are

no ungquestioned genetic models for inheritance of dermato-
glyphic traits, such traits possess three characteristics
which make them excellent genetic markers. These character-
istics are their high heritability, their high degree of

individual variation and their permanence or unchanging

morphology  throughout postnatal life. The last character-

istic is valuable in that dermatoglyphic traits are not sub-
Ject to the variety of extrinsic factors that may contribute
to the expression of many morphological traits. Since the
morphogenesis of dermatoglyphic traits 1is limited solely to
the prenatal period, variation in dermatoglyphic  features
may be considered a result of the iInteraction of genetic ..
‘end environmen tal factors in prenatal life. Therefore, a
) lgey guestion i n the inte rpretation of postnatal differences
in dermatoglyphic traits is the nature of this interaction.

;{,Qe answer must include ontogenetic  determinants of dermato -

gUphic features as .well as an understanding of variation




in the morphogenesis of these features. The problem of
outlining the specific Tfeatures subject to variation 1Is

further complicated by the need to associate specific

developmental variation with a specific morphological

variant. Nevertheless, the question of whether postnatal

differences iIn dermatoglyphic traits can be associated with

specific variation in the prenatal development of epidermal

ridges remains to be answered. An important corollary of

this possible association is the potential value of dermato-

glyphics in evaluating fetal development.

In light of this question, the present investigation

itself to the developmental origins of dermato-

and White

addresses
glyphic trait differences between American Black

abortuses. In the following sections, a review of the Titer-

ature from genetical, populational, medical and development-

al perspectives 1Is presented. This 1is followed by a pre-

sentation of the specific goals of the present investig-

~ation. In the second chapter, the methods and technical

procedures employed in the present study are given. The

~third chapter presents the frequencies of ridge pattern

types for the sample. The fourth chapter examines variation

in the growth of epidermal ridge dimensions. The Tifth

Achapter presents a maturation index Tfor epidermal ridges.

Based on the above information, the sixth chapter evaluates

the association of ridge pattern with variation 1in ridge

aturity index and dimension, The seventh chapter presents

(-4
n overview discussion of the results.



General Background

The study of the complex patterns of parallel ridges
and furrows found on the digits, palms and soles of
primates, as well as on the tails of some South American
monkeys, was termed dermatoglyphics by Dr. Harold Cummins
in 1926. It has long interested human biologists. The

- First published description of finger prints was by
Nehemiah Grew in 1684. Its utility in personal identifica-
tion was first published by Henry Faulds in 1880 in a letter

to Nature. However, it was not until Galton (1892) pub-

lished his observations on finger prints that the utility

of. finger prints in personal identication and populational
comparisons was realized. The work of Henry (1900) is still

used today in personal identification.

In. general epidermal ridges on the digits, palms and
soles of children and adults can be detected by the naked
eye. They are arranged in parallel lines that are curved,
“rather than straight, and in certain areas they may be
arranged in the form of patterns. What determines the
type of pattern, 1its shape and complexity, it not known.
'It is generally believed that ridge configurations are
determined in part "by a genetic component and in part by
‘ trinsic factors associated wi th epidermal ridge develop-
ent during fetal life.

A glossary of terms that describe dermatoglyphic

atures is conyveniently provided in table 1-1.
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i
TABLE 1-1
GLOSSARY OF TECHNICAL  TERMS
Term Oefinltion

[

Configuration A specific group of epidermal ridges

and their arrangement.
Oermatoglyphics The study of epidermal ridges and
Loosely, the

Epidermal ridges
Finger prints
'Open field

Pattern

"Primary ridges

xﬁéC@ndary ridges

Triradius

ar pads

their arrangements.
ridge configurations on the digits,

palms and soles.

Linear elevations of keratin which
lie directly over primary ridges,
first visible about 17 weeks.

Strictly, the recorded impressions
of configurations on fingers,
especially frnom the :apical region.

A configuration which includes only a
gently curved arrangement of"ridges.
Lack of +a pattern.

Strictly, specific configurations
where there is discontinuity in
the parallel arrangement of ridges.

Specifically, loops and whorls.
Loosely, includes arches.

Deep linear ledges of stratum bas-
alis cells . of. the.epidermis which
first appear at 11 weeks. Associ-
ated with sweat glands. Glandular

fold.

Shallow linear ledges of stratum bas-
alis cells of the-epidermis which
first appear at 16 weeks. Furrow

fold.

The center of a delta-shaped junc-
tion of three regions, each con-
tai"ning curved streams of approx-
imately parallel ridges.

Mound-like eminences found on the
ventral,apical region of digits,
palms and soles.




Genetics. 'The mode of inheritance for various Tfeature of

; epidermal ridge configuration has been a major objective of

investigators. Galton (1892) provided the first evidence to

support a hereditary basis for ridge patterns. Work by

Wilder ('02,'04a) with +twins suggested that ridge configura-

tions were strongly determined by heredity. While Bohmer

inherit-

and Harren ("39) found no evidence to support an

ance of ridge pattern, numerous studies have suggested a

genetical basis for it {(Elderton, "20; Gruneberg, <"28;

Essen-Moeller, "41; de Wilde, °53; Mukherjee, "66; Reed

et al, "75). There 1is disagreement also on the mode of

inheritance of particular pattern types. Bonnevie  ("24)

proposed a dominant inheritance of double-cored whorls

while Mueller ("30) suggested incomplete dominance and Karl

("34) proposed recessive inheritance. More recently, Slatis

et al ("76) suggested both a dominant and semi-dominant gene

for whorls, a dominant or" recessive gene for radial loops

and a dominant gene for arches. Similarly, inheritance of

pattern direction for loops was supported by Newmann ("30)

nd not supported by Bonnevie ("24) and Karl ("34). Never-

;@_eless, most aut hors do agree that the mode of iInheritance

or pattern type is complex and not explained by Sing1e-
actor inheri tance. Instead it consists of a progression

tween different pattern types rather than being discontin-

us (Holt, '68).
Feilure to dlemonstrat '@ a discontinuous mode of inherit-

“for ridge pattern ledinvestigators to develop



quantitative methods for determination of the genetics of
epidermal ridges. Quantitative measurements on the digits
involved ridge counts between fixed points. Since one of
the fixed points was a triradius, the measurement was not

independent of pattern type. Arches, which lack a tri-

radius, always have a ridge count of zero. Loops, with

one triradius, have one count and whorls, with +two triradil,

use the higher of two counts. Bonnevie ("24) Tfirst used the
ridge count as tool to understand epidermal ridge configur-
ation. However, it was Holt ("57) who formulated the widely
accepted theory of polygenic inheritance of total ridge
count (summed ridge counts for all ten digits) with
completely additive effects. Recently, Matsuda ("73) dupli-
cated Holt"s results for the Japanese. However, the poly-
genic model of inheritance for ridge count recently has been
questioned by Weni‘nger et al (°76).

All  models for inheritance of epidermal ridge configu-
ration have been based on adult morphology. Ontogenetic
factors which affect configuration generally have been over-
- looked. Cummins ("26) referring to the ontogenetic factors
which condition ridge direction stated:

"It may be stated briefly that there appears to

be no independent germinal provision or restriction
#- governing ridge alignment per se. Apparently,

- only the ridge-forming <capacity 1s an _inherent

"~ fundament, the direction of ridges being deter-

mined through ontogenetic  factors."

Cummins' statement underlines the importance ofunder-

tanding the ontogenetic basis of populational differences



in dermatoglyphic traits.

Population studies. The study of populati on differences

in ridge patterns began with Galton (1892) when he compared

finger print samples from five populations, English, We Ish,

Jews, Negroes and Basques. Galton's objective was to dis-=

tinguish characteristic ridge arrangements within each
-~ group. However, population differences 1in ridge arrange-

ment were limited to differences iIn the frequency of the

same pattern type. Similarly, Wilder ('04b) was the first

to iInvestigate population differences 1in patterns of the

palm and sole. He came to the conclusion that there was no

population-specific ridge configurations, but rather popul-
ation differences existed only in. statistical trends.
Population studies on the frequencies of ridge pattern

types are too numerous to discuss in detail. Therefore, a

selected list of population frequencies of ridge pattern
types is given in Appendix A. A summary of population
differences 1iIn pattern type has been presented by Plato
et al. (75). 1In general, African Black populations exhibit
‘the highest mean frequencies of arches (8.8%) and loops
(64.1%) and the Ilowest mean frequencies of whorls (27.4%).
This is compared to Oriental and Australasian populations
Wwho have the Ilowest mean frequencies of arches (1.8%.and
»4%, respectively) and highest mean frequencies of whorls
6.7% and 52.7%, respectively). European populations have

high mean frequency of 1loops (59.8%) which is second only

‘African Blacks." Amerindian and Asian Indian populations



have mean frequencies of pattern types intermediate to those

mentioned above.

There is increasing use of dermatoglyphic traits in

the study of microevolution within and between various

populations. Basu et al ("76) wused dermatoglyphic traits

to evaluate microevolution in severad villages on Haiti.

Multivariate procedures have been employed by several

investigators to measure genetic distance both within a

population (Basu et al, "76; Chai, <"67; Rothhammer et al,

*73) as well as between populations (Pons, "53; Singh, °72;

Jantz, “74).

Bat-Miriam and Guttman ("63) suggested a new method

for study of r idge patterns involving simultaneous analysis

of all ten digital patterns. More recently, G r a c e

("76) examined the concentration of similar types of ridge

patterns on itndividuals.dnd:found -“that the:proportion of

individuals with a concentration of one type of pattern,

varied among four populations.

In 1936, Cummins reported the

e.g. arches,

Medical dermatoglyphics.

association of wunusual dermatoglyphics with Down"s
and Gaspard-Fonmarty

syndrome.

ﬁfonfirmation of his findings by Turpin

'45), Penrose ('49) and Walker ("57) demonstrated the

dalue of dermatoglyphics in clinical medicine. While not

2cessarily diagnostic alone, dermatoglyphics have been a

dTuable aid when clincial diagnosis was in doubt.

The association of unusual dermatoglyphics with Down"s

soon led investigators to examine the dermatoglyphic

drome






















































































































































































































































































































































































































































































































































