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The configurations of epiderma ridges that comprise dermatoglyphic
traits are, in many respects, a history of the developmenta period
during which the ridges form. In 1892 Sir Francis Galton {1] demon-
drated that epiderma ridge configurations did not change throughout
postnatd life. The fact tha ridge configurations were not affected by
environment or by age has been an important framework in genetic
sudies. In 1936, Cummins (2] reported the association of unusud der-
matoglyphics with Down syndrome. Confirmation of his findings [3-
5] demongtrated the potential value of dermatoglyphics in dinica med-
icine. While not diagnogtic done, dermatoglyphics have been a vauable
ad when dinica diagnoss was in doubt. Unusua dermatoglyphics now
have been associated with congenital defects of both genetic and en-
vironmenta  origin {6]. Schaumann and Johnson {7] have noted that
dermatoglyphics associated with congenitd defects are significant mark-
ers of prenatd events. Yet, a present little is known about the atypical
developmentd processes that have produced these associations. The
precise configuration of epidermd ridges and minutiae is determined
a a very early embryonic age, around 10 weeks podtfertilization. Ac-
cordingly, an understanding of the prenatd morphogenesis of derma-
toglyphic traits is fundamental to our interpretetion of their variation
and their relationship to birth defects.

The developmentd history of dermatoglyphic traits requires firs a
background in the norma developmenta chronology of prenatal hand.
Second, it includes an understanding’ of the development of epiderma
ridges, the basic building blocks of dermatoglyphic traits, and factors
that may influence ridge configuration. The developmentd basis of
dermatoglyphic traits is fundamentd to a better understanding of their
variation and relaionship to congenita defects.

Birth Defects Original Article Series, Volume 27, Number 2, pages 95-112
01991 March of Dimes Birth Defects Foundation



96 / Babler
THE DEVELOPING PRENATAL HAND
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Before discussng the prenatd development of dermatoglyphic traits,
it is important to have an appreciation of the developing surface to-
pography of the hand and foot, especidly as to how surface changes
corrdate with subsurface cdlular changes. This discusson will center
on hand development. Development of the foot follows a smilar chro-
nology with the exception that foot development lags behind hand
development by about 1 week.

During the 5th and 6th podtfertilization weeks, the future hand be-
comes evident as a ventrodorsdly flattened plate [8]. There is a pro-
gressive contouring of the margins of the hand plate such that the plate
appears to have a crenated margin, Sgnding the gppearance of fingers
or rays. These rays correspond to the formation of mesenchymal thick-
enings or condensations within the hand. The mesenchyma conden-
sations will develop into the skeletd and muscle components of the
hand. During the 6th week, digtinct finger rays and interdigita notches
are seen. By 7 weeks, the mesenchyma condensations within the hand
plate begin to differentiate into cartilaginous bone modds and the ex-
terna morphology of the hand demongrates the continued formation
of fingers as tissue between adjacent rays begins to dlsappear Duri ng
this period volar pads first gppear on the volar surface of the
8 weeks, gpica volar pads begin to appear, the distd phdenges of the
hand have begun to ossfy, and joints have begun to form between the
bones of the hand. By 8.5 weeks the shafts of the metacarpals have
begun to ossfy and the hand has atained an externd morphology
dmilar in proportion to the infant [9).

VOLAR PADS

The development of epiderma ridges is preceded by the formation
of localized eminences, volar pads, on the ventral gpicd region of the
digits as well as on the interdigita, thenar, and hypothenar regions of
the palms and soles. The importance of volar pads in the ontogenesis
of epidermd ridges is that the pads are the site of epiderrnd ridge
development. In addition, the configuration of epiderma ridgesis prob-
ably influenced by the mechanica processes of growth of the paJP The
volar pads are actudly dight swellings of mesenchymd tissue.

Volar pads first gppear as discrete eevations on the pam around
6.5 weeks podfertilization, followed on the digits by apicd pads about
1 week later. The first volar pads appear over the 2nd, 3rd, and 4th
interdigital aress of the pam. Other palmar pads follow shortly after
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the first three. Apicd pads are thought to follow a radioulnar gradient
of development with the apicd pad of the first digit appearing prior to
the pad of the second digit, etc. [10].

Whipple [11] found that in addition to the primary volar pads noted
above, secondary pads can be seen on the hands of adult primates.
Cummins {10] noted Smilar secondary pads in the developing hand.
Secondary pads are characterized in the human prenate by their short
duration. Secondary pad refers primarily to a large devation on the
pam, first seen around 7 weeks and disgppearing during the 7th week.
In addition, paired swellings on the proxima phdanges have been
reported between 8 and 9 weeks and a single pad at the base of the
thumb has been found to persst to 10 to 11 weeks.

Between 6.5 and 10.5 weeks, volar pads exhibit rapid growth and in
the pam individudization. Initidly, apica pads appear to be dl evenly
rounded; however, by the 9th week, the pads begin to vary both in
position and in shape. Palmar pads tend to demonstrate some individua
varigtion prior to apical pads.

The primary pads dart to regress after 10.5 weeks. This involution
continues until pads are comparable in gppearance to pads of the infant
[10]. In the process of involution, variations occur both in the persst-
ence of pads and in the shagpe of the pads. Cummins [10] noted the
ggnificance of pad regresson and the initiation of epidermd ridge
differentiation. In addition, recent embryologic studies have suggested
that palmar, plantar, and digital creases develop concurrently with volar
pads [12,13] rather than as a consequence of early flexion movements
14].

[ olar pad development on the foot follows a smilar chronology with
the exception that volar pads of the foot lags behind the hand by about
0.5 week. A tibiofibular gradient in development is present. Regression
of volar pads on the foot begins around 12 weeks.

DEVELOPMENT OF EPIDERMAL RIDGES

Numerous descriptive studies of epiderma ridge morphogenesis have
been reported. Classcal descriptions have been reported by Kélliker
and others[15-21]. Additiond studies on the origin of epidermal ridges
have established that the critical period of primary ridge differentiation
IS between 11 and 17 weeks [22-24]. These findings on ridge devd-
opment have been confirmed more recently by Blechschmidt [25], Pen-
rose and O’Hara [26], Okijima [27], and Babler {28].

Theinitia regresson of volar pads around 10-11 weeks corresponds
to the initid formation of epiderma ridges. At this time the epidermis
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isasmooath, thin layer of tissue both at the skin surface and on its deep
surface at the epidermal-derma junction (Fig. 1), and the surfaces of
adjacent epiderma cells are dready joined by strong desmosomes [26].
Epidermd ridges first appear as locadized cdl proliferations in the basa
(deep) layer of the epidermis during the 10th week podfertilization
(Fig. 2). These cdl proliferations form shalow primary ridges that
project into the superficid layer of the dermis (Fig. 3). The number of
primary ridges increases as new ridges are formed between or at the
latera surface of exigting ridges. Primary ridges proliferate rapidly to
keep pace with the increasing separation of adjacent ridges due to
generd growth of the hand. This proliferation produces the branchings
and idands, the minutiae.

The term “minutiag’ refers to the details of morphology of a angle
ridge (23] and includes branchings, interruptions of the continuity of a
ridge, and isolation of short ridge segments. Minutiae reflect the for-
mation of new ridges subsequent to the period of initid ridge formation.
Hale [23] was able to show that the tendency of ridges to multiply (and
form minutiae) was greatest during the period of maximum difference
between the increase in surface area of the hand and increase in ridge
breadth.

As primary ridges begin to develop, they define the basic ridge con-
figurations of the volar skin surfaces (Fig. 4). However, these config-
uraions develop a the epidermis-dermis interface and not on the skin
surface. As the number of primary ridges incresses, the ridges continue
to increase in dimension [28-30]. Primary ridges increase in width and
penetrate deeper into the underlying dermis.

Around 14 weeks, sweet gland anlagen appear a uniform intervas
along the apices of the ridges. The sweet gland anlagen, future swest
glands and their ducts, continue to elongate and penetrate deeper into
the dermis. The association between primary ridges and swesat glands
has resulted in the term glandular fold being used often in reference
to primary ridge. The primary ridge, or glandular fold, corresponds to
the surface ridge that we see.

At gpproximately 15-17 weeks, severa key events occur in the on-
togenesis of epiderma ridges. Around 15 weeks, the stratum corneum
gppears with the initid depodtion of keratin on the surface of the
epidermis. Secondary ridges, lacking sweet gland anlagen, also appear
at this time (Fig. 5). Secondary ridges, or furrow folds, correspond to
the furrow of the surface ridge. Concomitant with secondary ridge
formation is the termination of primary ridge formation. Accordingly,
by 17 weeks the human fetus has an epidermd ridge configuration that
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Fig. 1. Histologic thin-section through the apical padv of the third digit of a |O-week
fetus. Note the flat relief of the basal layer of the epidermis, stratum basalis, (B). P,
periderm; |, stratum intermedium.

Fig. 2. Histologic thin-section through the volar pad of the third digit of a 10.5-week
fetus. Note the localized proliferation of cells (arrow) in the basal layer of the epidermis.
This is the initial formation of a primary ridge.
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Fig. 3. Histologic thin-section through the volar pad of the third digit of an 11-week
fetus. Note evenly spaced primary ridges (PR) projecting into-the underlying dermis
and the relationship of capillaries (C) in the superficial dermis to the primary ridges.

is comparable to that of an adult. At the end of this period of time,
epidermd ridges become visible on the volar surface as fingerprints.

From 17 to 24 weeks, secondary ridges continue to proliferate until
they are in a one to one correspondence with primary ridges. It should
be noted that secondary ridges develop in a manner similar to that of
primary ridges, athough only primary ridges have sweet gland anlagen
associated with them. At 24 weeks, the epidermal ridge system has an
adult morphology (Fig. 6).

Dermd papillae begin to develop around 24 weeks. Until this time
the morphology of primary and secondary ridges is a smooth ridge of
tissue. As the depth of the secondary ridges agpproximates that of the
primary ridges, additiona changes can be seen [29]. At thistime bridg-
ing or anastomoses between primary and secondary ridges begin to
appear. The dermis between anastomitic epiderma bridges progres-
svely forms peg-like structures, the derma papillae characteristic of
the definitive dermd ridge.

The process of primary ridge formation is not a generdized event
that occurs smultaneoudly across the volar aspect of the hand. Rather,
ridge formation initiates a severd points and spreads out such that
developing ridge “fidds’ ultimately meet. The fingers are the earliest
gtes of ridge formation. Ridge differentiation spreads proximaly from
fingertip to pdm and in a radioulnar (tibiofibular) gradient [29]. Ob-
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Fig. 4. Histologic thin-section through the volar surface of the third digit of an 11-
week fetus showing the configuration of epidermal ridges (ie, the darkly stained cells,
arrow) as they project into the dermis. The plane of section is parallel to the volar
surface.

servationd data [18,21] suggest that on the finger, the center of the
aoicd pad is the firg region to demongrate primary ridge formetion.
This is followed by the appearance of ridges adong the dista periphery
of the digit and subsequently by afield of ridge development, proximal
to the gpica pad. However, Hirsch and Schweichel [31] reported that
ridge formetion initiasted aong the laterodistal portion of the digit and
proceeded in a proximomedia direction with the center of the pad
initidly being free of ridges. Once ridge formation begins, the number
of ridges proliferate from these Stes to meet adjacent ridge “fieds”



Fig. 5. Histologic thin-section through the volar surface of the third digit of a 17-week
fetus showing theinitial formation of secondary ridges (furrow folds), arrows. Epidermal
ridges now are visible on the volar surface. Note the correspondence between the surface
ridge and the primary ridge (glandular fold), PR, of the epidermal-dermal junction.
Note also the sweat gland anlagen, SG.

Fig. 6. Histologic thin-section through the volar surface of the third digit of a 21-week
fetus, Note the increasing penetration of secondary ridges (furrow folds), S, and the
continued penetration of sweat gland anlagen, SG, into the dermis. PR, primary ridge
(glandular fold).



Configurations of Epidermal Ridges | 103
FACTORS INFLUENCING RIDGE CONFIGURATION

The factors tha may influence ridge configuration are not reedily
identified. Yet, they are the keystones to understanding the biologic
bads of variation in dermetoglyphic traits. Cummins [32] noted that
“epidermd variants must be explained by a disturbance of germind
configuration determinants or by the-admission of an immediate control
of ridge direction which is not fixedly predetermined.” While the ge-
netic bads of dermatoglyphic traits has been wel established, current
ressarch suggests that the genetic component of dermatoglyphic traits
operaes indirectly on ridge configuraion through ontogenetic factors,
eg, pad topography, growth rates, and stress on the epidermis, that
influence ridge dignment.

Growth Stress

Kollman [22] was the first to examine the question of what determines
the alignment of epiderma ridges. He suggested that ridge direction
was greatly influenced by growth stresses and compressons in the de-
veloping skin. Penrose [33] extended this hypothesis to state that ridges
dign at right angles to the compression forces acting on the growing
volar surface. This concept has received consderable attention from a
mathematical perspective [cf. 34]. These incdlude measurement of the
curvature of epidermd ridges and ther configurations [35].

Volar Topography

Bonnevie [36] first noted the correspondence between the height of
avolar pad and the specid ridge configuration of its pattern. She dso
proposed that differences in pattern type were related to variaions in
thickness of the epidermis and/or cushioning, a water-logged state of
the epidermis. Hale [29] found that a critical thickness in the epidermis
was Indeed necessary for ridge morphogeness to initiate but no evi-
dence for cushioning. More importantly, he found that ridges formed
not from a mechanicd folding of the epidermis [17] but from actua
cdl proliferation.

Cummins [37], having observed the ridge configurations of congen-
italy maformed hands, r;1)roposed that direction of epidermd ridges
was determined by growth forces and the contour of volar skin at the
time of ridge formation. Wilder {38] likewise stated that inheritance of
ridge configuration was “not a direct one, but rather one which results
from its inheritance of the topography” of the volar areas. Mulvihill
and Smith [34] syntheszed data from a number of earlier workers to
further develop the Cummins topographic modd for ridge configu-
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ration. They Stated thet “ridge configurations are the immediate result
of physcd and topographica forces affecting the volar skin” during
ridge formation. Therefore, ridge configuration is dependent on the
shape of the volar pad a the time of initid primary ridge formation.

A high, round pad would result in formation of a whorl while a low
pad would result in an arch. An intermediate pad height offset to one
Sde of the digit would result in a loop configuration.

Recently, Babler [39] has provided evidence to suggest that volar
pad shape is indeed associated with ridge configuration. Although ep-
iderma ridges are not visble on the volar surface until after the 17th
week, Babler [28,39] used histologic techniques to reconstruct human
ridge configurations at the epidermal-derma junction 10 to 25 weeks
podfertilization. Results of these studies indicated that the timing of
primary ridge formation was associated with the type of ridge config-
uration. Early ridge formation was associated with a whorl-type of
pattern. Late ridge formation was associated with an arch configuration
and intermediate ridge formation with a loop. Since gpica volar pads
initiate their involution around 10.5 weeks, the relative degree of pad
regression a time of ridge formation apparently is associated with ridge
configuration. Additiondly, Babler [4?} reported that rather than pad
height being a key factor in ridge configuration, pad width rdaive to
height was the associated factor. These data aso provide developmental
evidence to support Abd’s hypothesis [41] that pad eevation had no
effect on the number of ridges. Abel had noted that populations with
different frequencies of pattern types had smilar numbers of ridges
measured from a pattern core to the lateral nail fold. Babler [40] was
also able to demondrate prenataly a direct association between apica
pad symmetry and loop direction (ulnar or radid).

Neurotrophic Factors

Bonnevie [17] suggested that there was a direct relationship between
cutaneous nerve didribution and the location of the centers of ridge
patterns. Hale [23], however, found no evidence to suggest a trophic
Interaction between peripheral nervous dements and the basdl cells of
the epidermis. Blechschmidt {25] proposed that the wvascular patterns
of the volar surface determine ridge configuration. Hirsch and Schwei-
chel [31] using eectron microscopy reported the regularity of iad
relationship bgtween caoillary-neupr)%e ?)%Qrs and deer?nal r%geaspl%ey
fdt that primary ridge formation was induced by vessd-nerve pairs
ubjacent to the epiderma-dermis junction. Accordingly, the spatia
arangement of vessd-nerve pairs a the time of primary ridge for-
mation directly influenced ridge configuration. Recently, agan using
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EM techniques, Ddl and Munger [42] supported a role for sensory
axons in modulating ridge formation, confirming Bonnevie's initid hy-
pothess. Further, they believe that some degree of the varidbility in
ridge configuration is due to the overlapping of dermatomes. Therefore,
there is mounting evidence that the neuroepithdium does play an im-
portant part in epiderma ridge development.

Ridge Bundles

Recently, de Wilde [43] suggested that ridge configuration was de-
termined long before ridges actudly appear a the epiderma-derma
interface, during the fifth and sixth week. This requires that ridge con-
figuration be determined before the separation of the digits, during the
hand plate stage. This precludes the role of volar pad topography in
influencing ridge configuration. He suggested that the topography of
the volar pad may actudly be determined by ridge configuration. Fur-
ther, ridge configuration on digits must be determined prior to for-
mation of interphalanged and metacarpophdanged creases. Within
this hypothess ridge configuration involves common devel opmenta
fidds, or ridge systems, for the hand that secondarily is subdivided into
digits. After separation of digits, ridge “bundles’ develop in a radioul-
nar sequence to invade the pam from interdigital regions. What factors
could influence ridge configuration long before ridges initidly develop
isunclear. Work by Elsdde and Wasoff [44] suggested that one answer -
may be cdl behavior. They reported that in vjtro fibroblasts ?/picdly
dign in padld fidds and diglay a pattern topology. Smilar findings
for cultured human epidermd cells have been reported by Green and
Thomeas [45]. While de Wilde's hypothes's has severd points of con-
tention, eg, the thumb ray does not initidly develop adjacent to the
remaining finger rays, it underscores two important points. First, ridge
configuration pr y isinfluenced by factors acting prior to epiderma
ridge formation. As early as 1929 Bonnevie [18] suggested that factors
that influence ridge configuration such as thickness of the epidermis
may, in many cases, have existed prior to separation of the digits. And
second, cell behavior may play some role in ridge configuration.

Skeletal Factors

Abdl [41] first showed adirect relationship between number of ridges
and length of the distal phdanges in adults. He suggested that both
were indgpendent of pattern type and size. Gl et d [46], in discussing
the Holt—Oran Syndrome, expanded on this association to suggest that
ridge configuration itself reflected the patterns of development of growth
centers of the hand itself. Recently, Babler [40,47] has examined the
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developmentd relaionships between epiderma ridges and the deve-
oping bone skeleton of the hand. He has shown a dgnificant prenatal
relationship between epidermd ridge dimenson and bone dimension
of the hand. Bone dimensions, both in length of the cartilaginous mode
and bone callar, of distal phalanges and metacarpals were Sgnificantly
correlated to digital epidetmal ridge dimensions. Specifically, bone lengths
but not widths were sgnificantly correlated to the amount of separation
between adjacent primary ridges during early fetd growth. Shape of
the diga phaanx has a Sgnificant association with paitern type. Sm-
ilarly, when fetuses were matched for the relative degree of ossfication
of bones of the hand, length of the dista phaanx was associated with
pattern type. Whorl patterns tend to be associated with shorter distal
phalanges. Relative degree of ossfication of the bones of the hand has
an asociation with ridge configuration. Whorl patterns tend to be as-
sociated with less ossfication, suggesting ether early ridge development
relative to bone maturity or delayed bone development rdative to ridge
formation. Generdly, we can conclude that bone development does
play arole in epiderma ridge configuration.

DISCUSSION

Recent work in prenatal dermatoglyphics has begun to apply our
increasing understanding of epidermd ridge development to a better
understanding of congenital defects. Generdly, these gpplications can
be subdivided into three areas prenatd dermatoglyphics, epiderma
ridge growth, and developmenta perspectives of postnatd dermato-
glyphic differences.

Prenatal Dermatoglyphlcs

Since the basic pattern of ridge configuration is determined as the
firsd primary ridges appear, methods to' study the “fingerprints’ of
young fetuses are currently being used to better understand the biologic
foundation of variation in dermatoglyphic trats. In a sudy of human
fetuses derived from ether spontaneous or eective abortions, Babler
[39] reported evidence of prenatal selection associated with digital der-
matoglyphics. He found that spontaneous abortuses free of gross or
chromosomd defects and with no confirmed clinica indicetion of ab-
normality had a sgnificantly higher frequency of arches than “normd”
fetuses derived from dective abortions. In a separate study of a group
of various abnormd fetuses, Babler [48] reported a Sgnificantly higher
incidence of arch patterns on the digits.

Suzumori [49] used the techniques of Okgima [27] to study the
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dermatoglyphic festures of human abortuses with chromosomd ab-
normdities. His observations suggest that the developmenta sequence
of ridges with chromosoma disorders was retarded by more than two
weeks as compared to age-matched normal fetuses.

Epidermal Ridge Growth

From the initid appearances of primary ridges around 11 weeks,
prenatal growth of primary ridges can be divided into three basic com-
ponents: (1) width of the primary ridge, (2) amount of penetraion
(depth) of the ridge into the dermis, and (3) spacing or separation
between adjacent primary ridges. Babler [28] demonstrated significant
population differences in the growth of specific epidermd ridge di-
mensions of both dective and spontaneous abortuses. Furthermore, he
has shown that spontaneous abortuses had significantly less growth in
primary ridge depth when matched for age [30]. No sgnificant differ-
ences In other ridge dimensons were observed. The dimensiond dif-
ferences between dective and spontaneous abortuses are important for
two reasons. Fird, ridge depth is a ridge dimension that cannot be
measured on the skin surface. Therefore, this is a soft tissue difference
not previously noted. Second, there are some data to suggest an as-
sociaion between pattern type and ridge depth [28]. In developing
fetuses, a whorl pattern tends to be associated with an increased ridge
depth while an arch patern tends to be associated with less ridge depth.
As noted above, fetuses that spontaneoudy abort tend to have a higher
frequency of arches than those aborted dectively.

We can a0 use dimensiona growth of epiderma ridges as a screen-
ing tool in examining anormd or potentidly abonorma fetuses. As
shown in Figure 7, primary ridge width tends to be linearly related to
crown-rump length, a good estimator of prenatal age, during the sec-
ond trimester. Included are the 95% confidence limits (dashed lines)
of an individud. Also shown are the reative podtion of a series of
abnorma specimens. Note that the widths of both Down fetuses fal
below the 95% confidence limits as does the width of a fetus exposed
prenatdly to rubella. Both of these abnormdities have atypica der-
matoglyphic traits associated with them [6]. Interestingly, two of three
fetuses with dleft lip and pdate (CLP) fdl outside the confidence limits.
The association of aypica dermatoglyphics with deft lip and paate is
not established. These data su%qeﬂ there may be a least some dimen-
gond effects on epiderma ridges associated with congenital defects
not previoudy recognized.

Differences between spontaneous and dective abortuses in matura
tion of epiderma ridges have aso been reported [30]. Spontaneous
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Fig.7. Linear regresson line of primary ridge width versus crown-rump length with
95% confidence limits (dashed lines) for normal fetuses. Primary ridge widths of indi-
vidual “abnormal” fetuses are plotted relative to the norm. Note two Down syndrome
fetuses as well as a rubella-exposed fetus lay below the confidence limits. CLP, cleft lip
and palate, HDP, hypoplasic distal phalanges, VSD, ventricular septal defect.

abortuses exhibit a dday in ridge maturation relative to age-matched
elective abortuses.

Developmental Approaches to Understanding Dermatoglyphic
Differences

It has become evident that the dermatoglyphic traits seen postnatally
redidicadly reflect the shgpe and deveopmentd history of the hand
during early fetd and possbly embryonic life. Increesingly, dermato-
glyphics have been used as a measure of prenatal development. Asym-
metry in dermatoglyphic traits has been used as a measure of deve-
opmentd “noise’ [50, 51). Meier et d [52] have used the devel opmental
bass of dermatoglyphics as a tool to examine postnata meaturation.
Rose [53] has reported an association between the presence of 10 digital
whorls in women having higories of multiple spontaneous abortions.
The potentid inductive role of sensory nerves in ridge formation may
suggest a common developmenta basis for nerve gplasias or disturb-
ances of dermatotopic patterns anddysplasias and aplasias of epiderma
ridges. The asociation of ridge confi%uration with aspects of bony
development within the hand suggedts that ridge configuration may be
influenced as early as the initid stages of bone formation, ie, prior to
ridge formation. Many quantitative measures of dermatoglyphics in-
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volve the counting of ridges. Yet we may ask what does a ridge count
measure? Increasing prenata research now alows us to address the
biologic bads for their variation. Findly, snce epiderma ridges reflect
the developmenta interaction at the epidermal-derma interface, spe-
cific differences in epidermd ridge development associated with der-
matoglyphic differences suggest thet ridge configurations may contain
more developmentd information than is currently recognized.

CONCLUSIONS

Our emerging undergtanding of the developmentd origins of der-
matoglyphic traits requires that we now view dermatoglyphics as aliving
hisory of prenata development. Epidermd ridge configurations not
only offer useful information on early hand morphology, but have the
potentid to be useful prenata markers of variations in development of
the innervation, skeleton, and soft tissues of the hand. Our evolving
understanding of the epiderma ridge development will greetly expand
our understanding of the developmenta factors that may produce con-
genitd maformation.
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