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Abstract

This study aimed to describe the impressive diversity of vascular plexiform structures of the hypodermal layer of human skin.
We chose the human body site with the highest concentration of dermal corpuscles, the human digit, and processed it with
the corrosion casting technique and scanning electron microscopy analysis (SEM). This approach proved to be the best tool
to study these microvascular architectures, free from any interference by surrounding tissues. We took high-definition
pictures of the vascular network of sweat glands, thermoreceptorial and tactile corpuscles, the vessels constituting the glomic
bodies and those feeding the hair follicles. We observed that the three-dimensional disposition of these vessels strictly
depends on the shape of the corpuscles supplied. We could see the tubular vascularization of the excretory duct of sweat
glands and the ovoid one feeding their bodies, sometimes made up of two lobes. In some cases, knowledge of these
morphological data regarding the normal disposition in space and intrinsic vascularization structure of the dermal corpuscles

can help to explain many of the physiopathological changes occurring during chronic microangiopathic diseases.
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Introduction

The human skin is an organ with multiple functions
(heat regulatory, secretory, immunological, mechan-
ical, sensorial) mostly driven to maintain and modify
the relationships existing between the body and its
external environment.

To accomplish this task, the skin must rely on many
specialized microscopic structures located just beneath
the corneal stratum in the dermal layer: sweat glands,
thermoreceptorial and tactile corpuscles, glomic
bodies and hair follicles (Edwards 1960; Roth 1967;
Straile 1969; Backhouse 1981; Bryce & Chizuka 1988).

This study focused on their vascular support
imaging the three-dimensional architecture of their
microvessels by corrosion casting and scanning
electron microscopy.

This technique proved the best method to investi-
gate the vascular network of the deeper skin layers
disclosing not only different structural conformations
but also subtle ultrastructural details (Murakami
1971; Hodde & Nowell 1980; Weiger et al. 1986;
Castenholz 1989; Lametschwandtner et al. 1990).

From a three-dimensional point of view, little is
known about the vascular support of the dermal
corpuscle (Pollitt & Molyneux 1990; Yamamoto
1990; Sakita et al. 1994; Nasu et al. 1998). In
addition, knowledge of the actual disposition of these
structures in space and their morphological features
can help to explain the changes occurring during many
pathophysiological conditions such as thermoregula-
tory impairment and collagenic diseases (vasculitis,
microangiopathies and Raynaud’s syndrome) (Grant
& Bland 1930; De Takats 1932; Conrad 1971).

For all these reasons, this study aimed to make a
detailed description of the microvascular structures
feeding dermal corpuscles, building up a map of their
shape and position in space.

Materials and methods

We injected a low viscosity resin (MERCOX) into a
human digit traumatically explanted from the hand
of a 56-year-old man. The entity of the trauma
precluded reimplantation of the digit and all the
procedures were undertaken in accordance with the
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ethical guidelines approved by the University of
Insubria.

The digit was maintained at 4°C before the
injection. The main digital artery was exposed under
a dissection stereomicroscope (Leica — WILD M3C)
and shortly after a 24G cannule was inserted and tied
to the vessel with silk ligature. This device was then
connected to a three-way system previously filled
with saline solution.

The injecting procedure started with a first
infusion of 10 ml heparinized solution 0.3% to
prevent blood from clotting and wash away all red
blood cells. The pressure of injection was monitored
manually paying attention not to cause any inter-
stitial oedema (empirical evidence was the swelling of
digital soft tissues). A second injection of 5 ml of
saline solution was necessary to remove all the blood
and to wash out the heparin from the vascular bed.

We proceeded with fixation of the vascular bed
with 5 ml Karnovsky solution (0.25% glutaraldehyde
and 0.25% paraformaldehyde in 0.1 M Na-cacody-
late buffer at pH 7.2) to prevent the resin leaking out
of the vascular bed and to reduce the modifications
occurring in the endothelial cells. The resin (5 ml
MERCOX and 0.2 ml benzoyl peroxide) was then
injected through the cannule until the reflux from the
venous vessel became evident and the viscosity of
the resin itself appeared slightly increased due to the
beginning of the hardening processes.

The finger was then immersed in a warm water
bath (60°C) to leave the resin to harden for about 2 h.

The digestion process consisted several baths of a
solution of potassium hydroxide (15%) changed
every 12 h at room temperature for 5 days.
Decalcification was obtained using hydrochloric
acid (3%).

The cast, cleared from tissues, was dissected under
a dissection microscope (WILD M3C - Leica)
before the SEM preparation procedure.

The resulting casts were rinsed in distilled water
(to prevent deposition of KOH or HCI salt),
dehydrated in graded alcohol, critical point dried in
an Emitech K850 CPD apparatus and mounted by
silver paste and metallic bridges (Lametschwandtner
et al. 1980) on aluminium stubs.

The mounted specimens were then coated with
10 nm gold in an Emitech K250 sputter-coater and
observed with a Philips XIL-30 FEG scanning
electron microscope operating at 10—15 kV.

Results

In the hypodermal layer of the palmar side, the blood
vessels are arranged in many different microvascular
three-dimensional architectures that we can easily
associate with the anatomical structures located
there: the sweat glands, thermoreceptorial corpuscles

and cutaneous sensory receptors, many glomic
corpuscles and hair follicles.

We can describe the vascular supply of each of
these systems starting from its three dimensional
structures as seen by scanning electron microscopy.

An overview

Looking at the microvascular structure of the skin
transversally sectioned, we can readily distinguish
three vascular layers (Figure 1): one corresponding
to the dermal papillae made up of digitiform spiral
vessels, the vascular sheet of the dermal-epidermal
junction and finally the microvascular specializations
of the hypodermal layer. These are related to the
corpuscles sited in this region and are represented by
the sweat gland thermoreceptorial and tactile cor-
puscles, glomic bodies and hair follicles.

Sweat glands

In the human hand the sweat glands are mostly located
in the palmar side of the skin, and are supplied by a
dense capillary three-dimensional structure.

These vessels form a tubular-shaped structure
around the gland faithfully reproducing the shape of
both the gland itself and its excretory duct.

Looking at the three-dimensional microvascular
structure of the gland we can distinguish two
structures (Figure 2): the ovoid main body and the
vessels supplying the excretory duct.

The main body has an ovoid shape made up of
thin tortuous capillaries measuring about 7 um in
diameter. At high magnification it is possible to see
the characteristic tubular disposition of capillaries
enveloping the tubules of the gland (Figure 3).

Sometimes it is possible to see two ovoid micro-
vascular structures joined together with the same

Figure 1. The microvascular structure of the transversally
sectioned human digit (thumb): (A) papillary layer, (B) dermal—
epidermal junction, (C) hypodermal layer. Note the ovoid
structure made up of the capillaries feeding a hair follicle (arrow).



Figure 2. The microvascular structure of a sweat gland: note the
afferent hypodermal arteriolar plexus (x) feeding the excretory
duct in the form of straight longitudinal capillaries (arrow), and the
body of the gland by a thick ovoidal capillary plexus.

Figure 3. The capillaries feeding the excretory duct (x): a
transverse view. Note the calibre changes of a medium sized
arteriole (arrows).

Figure 4. Sweat gland: two ovoid microvascular structures (A/B)
joined together with the same vascular support. Note the unique
excretory duct (arrow).
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vascular support. This is clearly visible when there is
a single vascular tubule corresponding to the
excretory duct (Figure 4).

The vascular structure of the sweat gland is large at
the bottom of the gland then gradually decreasing up
to the dermal-epidermal junction.

The excretory duct of a sweat gland can be
variously supplied either by two or three row-like
capillaries running parallel to the axis of the gland,
or by spiral capillaries forming a tubular shaped
vascular structure following that of the body of the
gland itself.

Thermoreceprorial and ractile corpuscles

In the hypodermal layer we can readily identify other
vascular structures visible as flake-like, cone shaped
dense capillary bodies that may represent the
vascular supply of thermoreceptorial and tactile
receptors (Figure 5).

Glomic bodies

In the hypodermal layer we often find arteriovenous
systems connected in series called glomic bodies
(Figure 6): they are made up by an afferent arteriole
giving origin to an interlaced capillary network
ending in a venule.

In other cases glomeruloid bodies can be seen
with a single tortuous arteriolar vessel ending in a
venule or direct ‘end to end’ or ‘end to side’
connections.

We can easily distinguish the artery from the vein
looking at the shallow impressions of various shapes
and sizes left on the cast by the nuclei of endothelial
cells: on arteries they are stretched and placed
longitudinally along the major axis of the vessel,
whereas in veins they are roundish and randomly
placed on the cast’s surface. Moreover, the shape of a
transverse section of arterioles is circular while in
veins we see an ovoid one (Figure 7).

Hair follicles

The vasculature of a hair follicle can be easily
distinguished by its fusiform shape and a more dense
capillary network with a greatly reduced intervascular
distance.

Sometimes we can see the afferent vessels arising
from the upper dermal-hypodermal longitudinal
sheath and sometimes also directly from the hypo-
dermal layer (Figure 8).

Discussion

The dermal layer of human skin contains many
specialized vascular structures involved in supplying
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Figure 5. A thermoreceptorial or tactile corpuscle: note its conic
shape that well fits the dermal papillae. An afferent artery is
clearly visible on the vascular body of the corpuscle (x). Note the
thick vascular capillary plexus of another thermoreceptorial
corpuscle (#).

Figure 6. Glomic bodies in hypodermal layer: the characteristic
‘glomeruloid’ shape. Note the afferent artery (large arrow) and the
efferent vein (small arrow).

excretory, mechanical, stereognosic and ther-
moregulatory functions like sweat glands, thermo-
receptorial and tactile corpuscles, glomic bodies and
hair follicles.

Corrosion casting combined with SEM analysis
clearly depicted their vascular architecture focusing
on their morphological features and three-dimen-
sional disposition in space.

The sweat glands are clearly recognizable in the
hypodermal layer of the skin thanks to their ovoid
shape and the characteristic tubular vessels supplying
the excretory duct well visible and always connected
to the epidermal vascular plexus.

Sometimes two different ovoid vascular structures
can be seen connected with a single excretory duct
and supplied by the same vascular network: this may
be due to the shape of the gland itself made up of
two, three or more lobes.

This finding demonstrates the correspondence
between the shape of the gland and its vascular support.

.

Figure 7. Arteriovenous connections: side-to-side (a) and end-to-
side anastomoses (b). Note the differences in endothelial cell
imprints on the artery (A) and vein (V), and the broken vessels in (a).

Dermal layer Hypodermal layer

Figure 8. The microvascular structure of a hair follicle: note the
arterioles arising from the dermal-hypodermal junction (arrow)
and hypodermal layer (x).

Other vascular structures are the capillaries sup-
plying the hair follicles in the volar skin of the digit
(Grunt et al. 1982). They are arranged in fusiform
units directed perpendicular to the epidermal vas-
cular sheath and well distinguishable from the sweat
glands by the disposition of their capillaries: sweat



gland capillaries are arranged to form an ovoid
structure with a wide bottom gradually narrowing
close to the dermal-hypodermal junction, whereas
the hair follicle capillaries are fusiform.

We also analysed the microvascular structure of
thermoreceptorial or tactile corpuscles even if is
difficult to differentiate them because of their very
similar vascular structure.

One feature that can help to distinguish these
structures is their cone shape reflecting the shape of
these corpuscles, often visible in dermal papillae.

We could also see some arteriovenous anasto-
moses sited mostly in the dermal layer: these
shunting systems underlie many regulatory mechan-
isms regarding blood flow in the extremities. The
impairment of these systems due to hereditary
connectivitis, collagenopathies or chronic systemic
disease (diabetes, atherosclerosis) may lead to a
variety of pathological conditions. For example, a
well known microangiopathy caused by diabetes and
mostly affecting the extremities can cause an
ischaemic impairment of the vascular systems feed-
ing dermal corpuscles and cause both a loss of
trophism and sensitivity of digital skin. Another
syndrome affecting the capillaries of the extremities
and whose pathogenesis is still not completely
understood is Raynaud’s phenomenon.

Knowledge of the normal morphological three-
dimensional structure of these systems will lead to a
better understanding of the pathological mechanisms
involved. If we focus on the morphological arrange-
ments of capillaries in the hypodermal layer we can
easily grasp how difficult it is to understand the
regulatory mechanism in all the plexiform structures
described. In addition, it is easy to see how an
impairment in some of these vascular bodies could
give rise to a number of microvascular diseases.
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