Hypodermis and subcutaneous adipose
tissue - two different structures

Hipoderme e tecido adiposo subcutdneo: duas estruturas
diferentes

ABSTRACT

In the literature there is significant confusion between the terms hypodermis and subcuta-
neous adipose tissue, which are often used interchangeably. They are however two distinct
and independent structures, with independent metabolic responses. The distinction between
these two layers and the knowledge of their behavior is of crucial importance for choosing
the appropriate treatment. The objective of the present study was to review the existing lite-
rature on the topic, in order to demonstrate the anatomical and histological difterences bet-
ween the two tissues.
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RESUMO

Na literatura ha uma grande confusdo entre os termos hipoderme e tecido adiposo subcutdneo, muitas
vezes utilizados como sindnimos. Designam, porém, duas estruturas distintas, independentes e com res-
postas metabélicas diversas. A distingdo entre essas camadas e o conhecimento de seu comportamento sdo
de fundamental importancia na escolha do tratamento adequado. Este estudo teve como objetivo uma
revisdo bibliogrdfica do tema, com o intuito de demonstrar as diferengas anatémicas e histolégicas entre
esses dois tecidos.

Palavras-chave: gordura subcutdnea; tecido adiposo; tela subcutdnea.

INTRODUCTION

Development of technologies for use with autologous
adipose tissue has drawn attention to fat deposits, which repre-
sent an almost unlimited reservoir of stem cells accessible
through minimally invasive procedures. Some of these deposits
have until this point never been investigated. A growing number
of experimental studies have demonstrated the potential of adi-
pose stem cells 1 for neoangiogenesis and immunomodulatory
action, as well as their use in treating ischemic and autoimmune
diseases. The absence of scientific evidence corresponds to a
hurdle in choosing a location for collecting samples.'

Moreover, the so called subcutancous adipose tissue has
recently been the object of growing interest since new surgical
and non-surgical techniques have been proposed for their
removal. These facts call for a deep knowledge of the embry-
ological origin structure within the mesoderm, whose functions
are storing energy, protecting against mechanical shock, enabling
mobility in deeper structures, and acting as insulation. It also has
a cosmetic effect, helping to shape the contours of the body.”

Adipose tissue has been empirically assumed by surgeons
to be composed of two layers of fat (with differences between
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its lobules) divided by a membranous tissue layer. Its terminolo-
gy varies according to atlases and textbooks, with the term fascia
superficialis being the more frequently used (although improperly
and inconsistently).” Knowledge of the anatomy of superficial
and deep fat tissue, called by some authors the superficial fascial
system (SES), allows for more well thought out and eftective pro-
cedures to be conducted, though their terminology varies from
author to author.*® Based on studies of the anatomy of the
abdominal wall, several authors have demonstrated that it is
organized into the following layers, starting from the surface:
skin (epidermis and dermis), superficial adipose or areolar tissue
(SAT), a fibrous horizontal layer of connective tissue (membra-
nous layer or fascia superficialis), deep adipose or lamellar tissue
(DAT), deep fascia, and the abdominal wall muscles.””

With the macroscopic dissection of the abdominal wall
of 10 fresh cadavers of difterent physical structure (4 men and 6
women aged 48-93 years, mean age = 69 years), Lancerotto et
al. identified a thin layer of adipose tissue underneath the dermis
(Superficial Adipose Tissue) formed by fatty lobules and inter-
spersed with fibrous septa, with a structure similar to that of
honeycombs and which had a uniform distribution throughout
the tissue. These septa (reticula cutis superficialis) were well
defined and oriented perpendicularly towards the surface, and
were strongly anchored to the dermis. (Figure 1)° The fat lobules
were organized into single or multiple layers, depending on the
fat content of each individual’s SAT thickness, and had no clear
difference in the distribution both in the caudal and cranial
directions, towards the thorax. It was possible to observe that the
SAT was highly stable both in its structure and in its elastic
properties, returning to its initial position after distention in the
compression test.” The SAT was histologically characterized by
fibrous septa connecting the dermis with the fascia superficialis.
These septa were composed of elastic and collagen fibers, which
defined oval-polygonal lobules of fat cells,’ forming what
Sbarbati called peri-adipocyte collagen network, with compart-
ments well vascularized by capillaries.' This structure plays an
important role in preserving cellular integrity and can therefore
influence the outcomes of autologous fat transplants (Figure 2).'

According to this description, it is possible to observe
that this is the layer that is commonly defined as the hypoder-
mis. Despite the clear anatomical distinction between dermis
and hypodermis, both are structurally and functionally integrat-
ed via the network of vessels and nerves and via the presence of
epidermal appendages.* SAT or areolar tissue virtually covers
the entire body in a layout with vertical compartments, distrib-
uted perpendicularly to the skin’s more superficial layers. When
there is weight gain, it increases in thickness.>* With advancing
age and 1n the presence of photodamage, it stretches and relaxes
(like the dermis), resulting in the ptosis of soft tissue and in the
formation of deformities due to pseudo deposits of fat.*

After removing the SAT, Lancerotto et al. observed a
fibrous layer with a membranous appearance, apparently contin-
uous and macroscopically well organized, with different thick-
nesses along the abdominal wall and thicker in the lower
abdomen. This membrane merged medially with the linea alba,
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FIGURE 1: (A) Cross-section of a woman’s abdominal skin showing fat lobu-
les. (B) Dissected fascia superficialis and superficial and deep layers of adi-
pose tissue.®

in the caudal direction with the inguinal ligament and with the
bone prominences of the iliac crest; in the cranial direction it
continued towards the thorax.’ Histologically, this membranous
layer had multiple sub-layers of fibroelastic tissue consisting of
collagen bands distributed in different directions, with intersec-
tion points between them and with fine irregular islands of adi-
pose cells, located between the collagen fibers and with the
appearance of lamellae.>”

After removing the fibrous layer, Lancerotto et al.
observed yet another layer of adipose tissue (deep adipose tissue
— DAT), which Gasperoni et al. called the lamellar layer. It differs
from SAT in appearance: it has larger, flattened, and less defined
fat lobules, with less evident fibrous septa, and in general
obliquely oriented and connected to the membranous layer of
the deep fascia of the abdominal wall muscles.” Sbarbati et al.
describe this layer from the peri-adipocyte collagen network as
incomplete, extremely fragile and finely adherent, with few vas-
cular components, which apparently characterizes it as an area
of high lipid deposition (Figure 3).!

The DAT layer or lamellar tissue overlays the deep fascia



Hypodermis and subcutaneous adipose tissue

FIGURE 2: SAT’s or hypodermis’ adipocytes with well-defined collagen net-
work - (A) optical microscope, (B) Scanning Electron microscopy (Scale
bars: 50 um).

and the abdominal muscles, with significant variation in thick-
ness. In the adhesion layers of the fibrous areas (inguinal liga-
ment, linea alba and bone prominences) it is thinner due to the
reduction of the fat component. Its thickness varied in fat con-
tent and mechanical strength among the studied individuals. The
septa’s oblique distribution, its limited elastic properties when
stretched, and its low resistance under explain the sliding of this
subcutaneous tissue over the deep fascia.>”

The DAT is present only in certain body sites: abdomen,
flanks, trochanteric region, knees, back of the arms, and the
upper third of the inner face of the thighs. In the instance of
weight gain, it is responsible for localized deformations, when its
thickness increases disproportionally more than that of the SAT.”

Lancerotto et al. also observed that SAT and DAT behave
differently depending on the site of accumulation. In SAT, the
thickness was almost uniform around the trunk. DAT tended to
be thin in the anterior part, especially anterolaterally over the
external oblique muscle, showing maximum thickness postero-
laterally at the level of the flanks, where an accumulation was
found.® In addition, the thickness of both SAT and DAT varied
among individuals: in the obese, the average thickness measured
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FIGURE 3: DAT’s adipocytes characterized by large adipocytes and poor col-
lagenous component - (A) optical microscope, (B) Scanning Electron
microscopy (Scale bars: 50 um).

for SAT was 17.18 mm and for DAT 18.50 mm; in individuals
with normal weight those values were 3.66 mm and 3.14 mm
respectively. In both the obese and normal weight individuals,
DAT’s thickness increased progressively in the T10 — femoral
head direction, while the thickness of SAT increased in the same
direction only in the obese.’

In this manner, studies highlight that the distribution of
the superficial and deep adipose tissue (SES) varies in different
body sites and from individual to individual, according to
weight and gender. In certain sites it consists of several layers of
fat and with obesity its distribution is almost indistinct. Anatomy
differentiates body sites with both layers (SAT and DAT) and
body regions that have SAT only. Inter-gender SES variations
entail differences in body contour and location of fat deposits.
In the lower limbs of both genders, for instance, SAT was
observed only in the anterior part of the thighs; in the inner,
outer, and posterior parts of the medial portion of the thighs, in
the ankles and in the anterior part of the arms. On the other
hand, the trochanteric region of the female anatomy has a
unique architecture, with the DAT’ fibrous septa being firm and
dense, and the fat being compact — resembling that of the SAT,
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in which lipids are mobilized at a slower rate and synthesized at
a higher rate than in the abdominal region. * As a result, women
have 51% of their DAT in the abdomen while men have 66%.
In some body sites, SES is firmly attached to the fascia or perios-
teum of the adjacent muscles, forming areas of adhesions, such
as in the anterior and posterior middle line of the trunk, and in
the inframammary and inguinal grooves and in the gluteus. In
men, SFS is firmly adhered to the iliac crest region, while in
women the zone of adherence is several centimeters below,
determining the contour differences of the trunk region.’ For
some authors, the polymorphism of the adipose tissue can deter-
mine different entities, depending on its location. Data from
groups of patients with different ages indicate that the
adipocytes’ specialization and their metabolism can be partly
related to the individual’s life style. Weight loss is accompanied
by an increase in the mobilization rate and a decrease in the fat
synthesis rate in all tissues, although this change is more evident
in abdominal fat than in the femoral fat." Regarding the resist-
ance to insulin, the abdomen’s DAT expresses a strong connec-
tion to the key aspects that define the insulin resistance syn-
drome, in a pattern similar to that observed for visceral
adiposity,” making it a major contributor to the metabolic con-
sequences of obesity.*

CLINICAL IMPLICATIONS

In restorative therapies based on the implantation of
cells, the structural morphology of the peri-adipocyte network
and the presence of stem cell-rich microcirculation make SAT
the optimal tissue for donor areas, particularly in places where
the collagen network is thin, as in the trochanteric region and
in the inner part of the knees.'

Traditional liposuction treats the deep adipose layer or
DAT, avoiding the superficial layer, whose removal causes irreg-
ularities in the contour (Figure 4). On the other hand, the thick-
ness of the SAT decreases with weight loss.”

Cellulite or gynoid lipodystrophy (GLD) is a pathology
specific to women due to the anatomical characteristics of SAT.
In men, the fibrous septa are smaller and arranged in oblique
planes with small fat lobules, whereas in women these lobules are
larger and have parallel septa (Figure 5). These conditions exist
from birth, however with the hormonal changes of puberty,
greater storage of fat occurs along with interstitial fluid retention,
and the fat lobules become enlarged due to the hypertrophy of
the adipocytes, secondary to vascular alterations™" (Figure 6).°

In the female, the fat lobules are larger and have parallel
septa. In the male, the lobules are smaller and arranged in
oblique planes.

CONCLUSION

Adipose tissue should and needs to be divided into two
distinct layers: hypodermis (SAT) and subcutaneous cellular tis-
sue (DAT), for these layers have a completely different anatomy,
histology, and metabolism (Charts 1 and 2).

The identification of novel aspects of the physiology of
adipocytes and their established peculiarities are related not only
to the skin’s biology, but also become of paramount importance
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FIGURE 4: Contour irregularities in the abdominal wall after
liposuction of the SAT

FIGURE 5: (A) -Female skin without cellulite. (B) Male skin.
In the female, the fat lobules are larger and have parallel septa. In the
male, the lobules are smaller and arranged in oblique planes
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FIGURE 6: Schematic drawing of normal adipose tissue and in GLD.*

to better understand the dynamics of weight loss and localized
fat deposition. When some researchers refer to the subcutaneous
fat or adipose layer without precise observation of what is being
anatomically and histologically described, it becomes impossible
to discern which tissue the reference concerns."

CHART 1: Anatomical and histological characteristics of the hypodermis (SAT)

m covers practically the whole body

m well organized oval-polygonal adipose lobules

m fibrous septa connected to the dermis

m smaller adipocytes surrounded by dense connective tissue that is
well vascularized

m highly stable structure and elastic properties

m decreases in thickness with weight loss

CHART 2: Anatomical and histological characteristics of the

subcutaneous adipose tissue (DAT).

m its distribution depends on gender and age

m present only in certain areas of the body: abdomen, flanks, trochan-
teric region, inner part of the upper third of the thighs, knees, pos-
terior part of the arms

larger, flat, and poorly defined fat lobules with less vascularization
fibrous septa connected to the muscle fascia

larger adipocytes surrounded by loose connective tissue

low structural stability and poor elastic properties

lipids are mobilized at a slower rate during weight loss

determines the differences in body contour according to gender
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Further studies will undoubtedly reveal previously
unknown concepts of the pathophysiology of adipocytes, and
their ultrastructural and metabolic differences, which will lead
to a better understanding of their behavior according to body
site and consequently allowing a more precise determination of
the best therapeutic approach. ®
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