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ABSTRACT

The nail apparatus serves as a protective layer over the dorsal aspect of each distal phalanx of both
hands and feet. Besides protection, other functions include serving as part of defense or attack
mechanisms, scratching, and dexterity. Nail development has been a subject of interest since the
19th century, from both the phylogenetic and ontogenetic points of view. Despite the early spark of
interest, nail embryology has yet been analyzed by a relatively small number of scientists. In the
Department of Anatomy of “Carol Davila” University of Medicine and Pharmacy, we performed a
morphological analysis on 41 embryos and fetuses with gestational ages that varied between 6 and

29 weeks.

Introduction

The nail apparatus serves as a protective layer over
the dorsal aspect of each distal phalanx of both hands
and feet.! Besides protection, other functions include
serving as part of defense or attack mechanisms,
scratching, or for cosmetic purposes.”> A more
subtle utility is that the nail plate increases the sen-
sory discriminatory capacity of the tactile receptors,
and thus the dexterity, by counterbalancing the pres-
sure exerted on the volar surface of the terminal
phalanx.">*

The nail unit consists of the nail plate and four
surrounding structures: the nail matrix, the nail bed,
the proximal nail fold, and the hyponychium.” The
nail plate is the hard, slightly convex, translucent,
rectangular structure that covers the distal part of the
dorsal aspects of the digits and can further extend
past their free edge.”® The cells that constitute the
nail plate are anucleate, adherent, and flattened,
situated in planes parallel to the plane of the nail
plate."® Three cutaneous folds border the proximal
and lateral edges of the nail plate. Once the nail plate
is removed, three grooves corresponding to the nail
folds become apparent. These grooves are formed by
the adjacent epidermis folding over the nail plate.”®
The proximal nail fold has a dorsal surface, which is
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a continuation of the dorsal epidermis, and a ventral
surface adherent to the nail plate, termed the
eponychium.> The proximal nail groove is formed
by this ventral surface (toward the dorsal aspect) and
the nail matrix, which produces the nail plate,
toward the ventral aspect of the digit. The part of
the nail matrix, which extends past the proximal nail
fold and is noticeable as a paler opacity with an
arched border is termed the lunula.>® The nail bed
is the vascular surface underneath the nail plate,
extending from the nail matrix to the hyponychium.-
>? The hyponychium marks the transition from the
nail bed to the epidermis of the digits and also
extends beneath the free edge of the nail plate, ser-
ving as a protective layer.l’6

Regarding the embryological aspects, Zaias et
al.>>!'% provide in three studies detailed informa-
tion regarding the stages of evolution of the nail
unit: the earliest signs of cell differentiation in rela-
tion to the nail appear at around 8 weeks, and the
first macroscopic structures to be observed is the
nail field bordered by nail grooves, at 9 weeks of
gestation. The proximal nail groove shelters the
cells of the future matrix. The distal nail groove
separates the nail field from the epidermis on the
volar surface of the fingers. At 11 weeks, a group of
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cells emerges from the proximal nail groove and
extends proximally into the digit, differentiating
into the matrix primordium. Furthermore, in the
distal half of the nail field appears the distal ridge,
which will eventually differentiate into the hypony-
chium. At 13 weeks of gestation, the nail plate can
be observed emerging from underneath the prox-
imal nail fold, while at 20 weeks the matrix cells are
completely differentiated. By the 32nd week, the
nail unit consists of distinct structures.

Nail development has been a subject of inter-
est since the 19th century, from both the phylo-
genetic and the ontogenetic point of view. Boas
et al.'"'? compared in two studies the anatomy
of nails of mammals and the claws of reptiles.
Kolliker et al.'> and Zander et al.'* studied the
development of nails in humans. In the 20th
century, Zaias et al.>”'® and Lewis et al.'> have
turther clarified the aspects of nail embryology,
observing the structures from both macroscopic
and microscopic perspectives. Despite the early
spark of interest, nail embryology has yet been
analyzed by a relatively small number of scien-
tists. Furthermore, in the last decades, embryol-
ogy has been outclassed by concerns over
pathological  aspects regarding the nail
apparatus.”>”'® Most of the results of these pre-
vious studies, although accurate, have been sub-
jected to constraints of a yet undeveloped
technological realm. Given the continuous pro-
gress of the noninvasive methods of prenatal
diagnosis, especially 3D ultrasound, this paper
aims to clarify the macroscopic aspects of
human nails embryology.

Materials and methods

In the Department of Anatomy of “Carol Davila”
University of Medicine and Pharmacy, we per-
formed a morphological analysis on 41 embryos
and fetuses with gestational ages that varied
between 6 and 29 weeks. The gestational ages have
been established by measuring the crown-rump
length of the subjects, in comparison to Carnegie
staging system.

The specimens have been preserved in 10% neu-
tral buffered formalin solution. Previously to the
analysis, each specimen was removed from the for-
maldehyde solution and rested on a surgical tray for
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half an hour. This procedure ensures the visibility
of the small-scale features that could otherwise be
deteriorated by manually drying attempts. Due to
the fact that one fetus presented polydactyly in the
lower limbs, a total of 412 fingers and toes have
been subjected to the analysis, upon which nine
fingers and toes were excluded from the results
due to extensive deterioration, lesions or stains,
thus examining a total of 403 fingers and toes.
The specimens have been organized into five
groups corresponding to the gestational ages, as
follows: Group 1 is comprised of embryos between
6 and 8 weeks of gestation, Group 2 — between 8
and 12 weeks, Group 3 - between 12 and 15 weeks,
Group 4 - between 15 and 25 weeks, and Group 5 -
between 25 and 28 weeks of gestation.

High-resolution photos were taken of both fin-
gers and toes using a dissection-microscope for the
subjects in stages 1 and 2, while an HD camera was
utilized for stages 3, 4, and 5. We analyzed the
development of the nails in different stages of evo-
lution. We also compared the differences between
the development of the fingernails and toenails.
Median and sagittal dissections of the distal pha-
lanx of the pollex and hallux were performed on
fetuses in Group 5 in order to further clarify the
regional anatomy.

Procedures and the experiments we have done
respect the ethical standards in the Helsinki
Declaration of 1975, as revised in 2000 (5), as well
as the national law. We have obtained written con-
sent from all patients that agreed that their aborted
products of conception to be used in research pur-
pose. The study has ethical approval of
Morphological Science Department of “Carol
Davila” University of Medicine and Pharmacy.

Results

By morphologically evaluating the 41 embryos and
fetuses, we established 5 chronological stages con-
cerning the macroscopic features of a developing
nail.

Group 1

Embryos in Group 1 display the first structure that
can be observed, the nail field (Figure 1). It appears
on the dorsal surface of the distal phalanx, as a
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Figure 1. Macroscopic view of the dorsal aspect of fingernails in
embryos pertaining to Group 1, using a dissection microscope.
Note the convex, rectangular nail field bordered by the four nail
grooves.

rectangular thickening of the epithelium bordered
by four grooves. Each groove has an arched shape
with the convexity facing the nail field, and each
one continues the adjacent one. Out of the 15 speci-
mens included in Group 1, 40% of the embryos
present this feature in fingernails, as early as
7 weeks of gestation. However, the nail field is not
yet recognizable in toes. The proximal groove is the
deepest. It has an arched shape with transverse
direction, with the apex located proximally and
toward the midline of the digit. The two lateral
grooves are smaller in length and more superficial.
The distal groove is shallow at this point.

Group 2

In Group 2, the nail field of the fingers enlarges and
becomes dome-shaped, heightening the proximal
groove. The tissues that lay proximal to the nail
unit portray a swollen aspect, as well (Figure 2). At
this point, the nail complex has a clubbed nail
appearance. This phenomenon, however, is only
transitory. By the 9th week of gestation, the nail
field of the toes becomes recognizable as well, bor-
dered by equivalent nail grooves. The nail field is
however more rectangular in shape, with the longer
side perpendicular to the direction of the toes. Thus,
the lateral nail grooves are significantly shorter than

Figure 2. Fingernails (a) and toenails (b) of embryos in group 2.
A: note the dome-shaped nail field and the heightened proximal
nail groove in fingernails. B: the nail grooves are shallow and
barely noticeable in toenails (yellow arrows).

the proximal groove, especially in toes 2-5.
Furthermore, the proximal nail groove is concave
in relation to the nail field, as opposed to the convex
shape seen in fingers.

Group 3

The nail field has decreased in height in fingers of
the subjects in Group 3, as early as 12 weeks of
gestation (Figure 3). The proximal groove deepens
and narrows, hidden at this point by the proximal
nail fold. The nail plate becomes visible as a semi-
circular, flat structure with smooth appearance,
emerging from beneath the proximal nail fold.
Proximally and parallel to the distal groove appears
the distal ridge. In this stage, the ridge is hardly
noticeable, having a blunt border. Regarding the
toenails, the nail plate has not yet extended past
the proximal nail field. Likewise, the distal ridge is
not apparent.

Group 4

In fetuses in Group 4, the nail plate continues to
grow toward the distal ridge, maintaining its arched
shape and covering approximately half of the nail
field by the 16th week of gestation (Figure 4). The
distal ridge heightens and develops a sharp edge. In
some cases, one to two smaller ridges with the same
characteristics may appear parallel to it. The lateral

Figure 3. Macroscopic view of fingernails (a, b) and toenails (c, d)
in subjects pertaining to Group 3. A, B: Note the distal ridge
(asterisk), as well as the emergence of the nail plate (yellow
dotted line). Yellow arrows mark the proximal nail fold. C:
Toenail in this stage lack the aforementioned features. The red
dotted line outlines the nail field, following the path of the four
continuous nail grooves. D: Oblique-lateral view; note the convex
trajectory of the distal nail groove.



Figure 4. Fingernails (a) and toenails (b) in fetuses pertaining to
Group 4. A: Note the nail plate with its arched distal border
(yellow dotted line), covering half of the nail bed; the distal ridge
is prominent in this stage (asterisk). Figure 4.B: The nail plate
emerges from underneath the proximal nail fold (yellow dotted
line); the asterisk marks the distal ridge.

and distal grooves have become deeper and nar-
rower, having a more evident appearance. Folds of
the epidermis on both the radial and ulnar sides of
each fingernail become apparent, aiding this process.
By the 20th week, the nail plate has covered two
thirds of the future fingernail surface. The lateral
nail folds now portray a more distinguishable
appearance. In regard to the toenails, the nail plate
emerges around the 18th week mark, and the distal
ridge is distinguishable at this point (Figure 5). Both
structures present the characteristics of a 12-week
fingernail.

Figure 5. Fingernails (a, b) and toenails (c, d) of fetuses from
Group 4; 20 weeks of gestation. A, B: The distal ridge (asterisk)
maintains its height as the nail plate grows distally (yellow
dotted line). C: Fetus with polydactyly. The arrow marks the
supernumerary toe. D: Note the nail unit of the accessory toe,
undeveloped in comparison to those of the other toes. The nail
field is slightly noticeable, bordered by shallow nail grooves (red
dotted line), whereas in the rest of the toes both the nail plate
(yellow dotted line) and the distal ridge (marked with asterisks)
are visible.
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Figure 6. Pollex and hallux nail units (a) and corresponding
sagittal sections (b, c) in fetuses pertaining to Group 5. A: The
nail unit of the pollex resembles considerably the one of the
adults. In toes, the distal ridge (asterisk) is still elevated and wide
as the nail plate continues to extend. B: The proximal nail groove
(yellow arrow) and nail fold (white arrow) are easily recognizable.
Note de extending nail plate emerging from beneath the prox-
imal nail fold. C: The nail fold (white arrow) is not completely
attached to the nail plate; the proximal nail groove (yellow
arrow) is shorter in comparison to fingernails.

Group 5

Group 5 fetuses present a flattened distal ridge in
fingernails around 25 weeks, as the nail plate con-
tinues to grow (Figure 6.A.). The nail plate has a
smooth, solid structure and is noticeably thicker.
The distal groove becomes shallower and widens,
while the lateral grooves are almost entirely con-
cealed by the evolving nail plate. In this stage, the
fingernail begins to resemble the features seen in
adults. The only appreciable future modifications
consist in thickness growth and the further exten-
sion of the nail plate that will reach and afterward
cover the distal ridge. The 25-week nail plate in the
toes covers approximately half of the nail surface.
The distal ridge has lowered but remains strongly
apparent in comparison to the fingers. Upon per-
forming sagittal sections (Figure 6.B, 6.C.), the
proximal nail groove in fingers clearly possesses a
more defined appearance, with the dorsal and ven-
tral surfaces tightly attached to either aspect of the
growing nail plate. In toenails, the dorsal surface of
this groove is not yet completely affixed to the nail
plate. Furthermore, the length of the proximal nail
groove is undoubtedly larger in fingers, compared
to toes. The distances that the nail plate has reached
as well as the height of the distal ridge are easily
comparable.
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Discussion

Nails represent a narrow area of human anatomy,
in spite of their numerous and often undervalued
functions. The embryological study of the nails is
thus more a niche subject. Nevertheless, a number
of dermatologists and other specialists have asso-
ciated their names through their research with
these structures. N Zaias is most prominently asso-
ciated with the pioneering stages of the morpholo-
gical development of the nails, as a result of his
sustained analysis and numerous theses on the
theme.>>"°

The chronology of the growth and differentia-
tion stages of the nail unit in our study is consistent
with the timeline established by Zaias et al.’
However, we have faced a few exceptions regarding
the age at which these structures first appear. It is
interesting that although in the early weeks of
gestation there is a rather great discrepancy
between previous results and ours, these differences
tend to attenuate progressively and become consis-
tent with the facts known this far as the fetuses
advance in age. Concerning Group 1, we observed
that the nail field becomes evident as early as
7 weeks of gestation. This statement comes in con-
trast to several studies that determined the earliest
external changes take place at 9 or 10 weeks.-
1336917 However, the morphological appearance
of both the nail grooves and nail field in fingers is
consistent with the results of the aforementioned
papers. We also noticed that the first structure to be
recognized in toes develops at around 9 weeks.
Given the fact that several studies mention a 4-
week delay between the developments of the finger-
nails versus toenails, our observation supports a
much shorter gap between the outsets of the afore-
mentioned evolutionary steps.”>> The macroscopic
aspect of the distal ridge as described in subjects in
Group 3 is consistent with the description provided
by Zaias et al.” Regarding the structures recognized
in Group 4, the discrepancies are rather minor. We
established that both the distal ridge and the nail
plate appear at 12 weeks, while variant studies
determined the age to be 11 weeks or 13 weeks of
gestation, respectively.">>!” Zaias et al.” state that
by the 17th week, the nail plate covers almost the
entire nail bed. Our research, on the other hand,
denotes that the nail plate covers half of the nail bed

by the 16th week and two thirds by the 20th week,
thus encountering a delay.

Although most papers portray the more or less
constant a 4-week delay between the development
of fingernails and toenails, our study determined an
initial 2-week lag regarding the emergence of the
nail field, which gradually increases to 9-weeks,
with reference to the age by which the nail plate
has covered half of the nail bed."*”

A 29-week fetus with Fraser syndrome was also
included in the study. Although he presented syn-
dactyly, our analysis determined that the distal
phalanges did not have any abnormalities that
could potentially affect the development of the fin-
gernails; we expect further studies to conclude
whether distal phalanx anomalies are linked in
any manner to the potentially improper morpho-
genesis of the covering nail unit.

The disparities between our results and those of
others may be attributed to several factors, such as
the small number of subjects, the lengthy preserva-
tion in 10% neutered formalin of part of the speci-
mens that led, to some extent, or damage of the
more fragile elements. Additionally, our study
focuses exclusively on macroscopic aspects, having
to put aside the elements concerning histological
and molecular transformations. Nonetheless, we
hope that in the future, we may continue our
study in order to determine the exact embryological
stages of the fingernail and toenail development.

Conclusions

Fingernail development begins, from a macro-
scopic perspective, at 7 weeks of gestation. Four
nail grooves border the nail field. The proximal
nail groove deepens and becomes covered by a
fold of tegument, the nail fold. At 12 weeks of
gestation, the nail plate emerges from beneath the
nail fold and extends distally in order to cover the
entire nail field. Toenails undergo equivalent trans-
formations following the pattern presented in fin-
gernails. However, toenail development and
differentiation are delayed in comparison to
fingernails.
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