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Zusammenfassung
Zu Beginn des dritten Jahrtausends verfügen wir noch 
immer nicht über eine Definition von «Faszie», die von 
allen Forschern als richtig anerkannt wird. In diesem Ar-
tikel wird versucht, eine neue Definition des faszialen 
Systems, einschließlich der Epidermis, zu entwerfen, 
indem die mechanisch-metabolischen Eigenschaften des 
Bindegewebes und der Haut verglichen werden. Tat-
sächlich wird laut der letzten Klassifikation durch das 
 Fascia Nomenclature Committee die äußere Hautschicht 
nicht als Teil des faszialen Kontinuums angesehen. In 
diesem Artikel werden die Gründe dafür beleuchtet, 
warum die funktionellen Eigenschaften des Gewebes 
und nicht allein seine Struktur berücksichtigt werden 
sollten. In einer kurzen Diskussion wird darauf eingegan-
gen, was als fasziales Gewebe anzusehen ist und von 
welchem embryonalen Keimblatt die Epidermis gebildet 
wird. Die Idee, dass alle Schichten miteinander verwo-
ben sind, wird herausgestellt, sodass deutlich wird, dass 
das Zitieren von präzisen Definitionen der Bildung von 
Gewebeschichten im lebenden Organismus nicht dem 
entspricht, was in vivo passiert. Was wir als Definition 
vorschlagen, ist nicht als das Ende der Reise anzusehen, 
sondern als ein neuer Aufbruch.
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Summary
At the beginning of the third millennium, we still do not 
have a definition of ‘fascia’ recognized as valid by every 
researcher. This article attempts to give a new definition 
of the fascial system, including the epidermis, by com-
paring the mechanical-metabolic characteristics of the 
connective tissue and the skin. In fact, according to the 
latest classification deriving from the Fascia Nomencla-
ture Committee, the outer skin layer is not considered as 
part of the fascial continuum. This article highlights the 
reasons for taking the functional characteristics of the 
tissue into consideration, rather than its mere structure. 
A brief discussion will address the questions as to what 
is considered as fascial tissue and from which embry-
onic germ layer the epidermis is formed. The notion that 
all the layers intersect will be highlighted, demonstrating 
that quoting precise definitions of tissue stratification in 
the living organism probably does not correspond to 
what happens in vivo. What we propose as a definition is 
not to be regarded as a point of arrival but as another 
departure.
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Introduction

At the beginning of the third millennium, we still do not have a 
definition of ‘fascia’ recognized as valid by every researcher. There 
is no single definition of fascia, probably due to the scientific mark 
made by each professional figure in attempting to create a unique 
point of view [1–7].

Despite this situation of scientific uncertainty, it is thought  – 
and it can be found in textbooks  – that the fascia covers every 
structure of the body, creating a structural continuity giving form 
and function to every tissue and organ [8, 9].

From the embryological perspective, the fascia originates in the 
mesoderm, although according to some authors this connective 
network can be partially found in the neural crest (ectoderm), with 
particular reference to the cranial and cervical area [10, 11].

We can identify 3 large groups of academics who are trying to 
give a definition of fascia. The Federative Committee on Anatomi-
cal Terminology (FCAT), founded in 1989 by the General Assem-
bly of the International Federation of Associations of Anatomists 
(IFAA) [12], introduced the terms of ‘fascia superficialis’ and ‘fas-
cia profunda’: The superficial fascia is understood as a ‘whole loose 
layer of subcutaneous tissue lying superficial to the denser layer of 
fascia profunda’ [13]. The deep fascia, according to this definition, 
lies under the superficial fascia, highlighting the presence of 2 fas-
ciae. In 2011, the Federative International Program on Anatomical 
Terminologies (FIPAT), in agreement with the FCAT, gave this 
definition of fascia: ‘A fascia is a sheath, a sheet, or any other dis-
sectible aggregations of connective tissue that forms beneath the 
skin to attach, enclose, and separate muscles and other internal or-
gans’ [14]. The FIPAT founded the manual of international ana-
tomical terminology: ‘Anatomical Terminology’. In the second 
definition, we can more specifically find the term connective tissue, 
which has the function to divide, separate and support different 
structures. The FIPAT states that the connective tissue or fascia 
originates under the skin, excluding the epidermis from the fascial 
system.

The third group of academics who are involved in giving a defi-
nition of fascia is the Fascia Nomenclature Committee (2014), 
born from the Fascia Research Society founded in 2007 [14]. The 
committee gave the following description as a definition of fascia: 
‘The fascial system consists of the three-dimensional continuum of 
soft, collagen containing, loose and dense fibrous connective tis-
sues that permeate the body. It incorporates elements such as adi-
pose tissue, adventitiae and neurovascular sheaths, aponeuroses, 
deep and superficial fasciae, epineurium, joint capsules, ligaments, 
membranes, meninges, myofascial expansions, periostea, retinac-
ula, septa, tendons, visceral fasciae, and all the intramuscular and 
intermuscular connective tissues including endo-/peri-/epimy-
sium. The fascial system interpenetrates and surrounds all organs, 
muscles, bones and nerve fibers, endowing the body with a func-
tional structure, and providing an environment that enables all 
body systems to operate in an integrated manner’ [14]. The latter 
description is undoubtedly the broadest definition of fascia. The 
concept of the continuum of the structure that contains collagen/

connective tissue and the cellular diversity that makes up the fascia 
and the fact that the continuum itself guarantees the health of the 
body are emphasized.

Our Department of Fascial Osteopathic Research (FORe) wants 
to highlight some defective points and contradictions in these defi-
nitions, expanding the concept of fascia. This article attempts to 
give a new definition of the fascial system/fascia, including the epi-
dermis, by comparing the mechanical-metabolic characteristics of 
the connective tissue and the skin. Different cells of different origin 
may have very similar functional characteristics.

Collagen

Collagen contains more than 30% of the protein mass of the 
human body. Its most common form is the collagen fibril, which is 
made up of tropocollagen units, i.e., polypeptide triple helices of 
about 300 nm in length. The fibril is highly organized and provides 
the protein framework for the extracellular matrix (ECM), the ten-
dons, the bones, and for other supporting structures [15]. Collagen 
fibrils resemble self-assembling nanoscale wires. Minuscule subsid-
ence points, like small imperfections or fragilities/weaknesses in 
the structure of the cables, can be found along each one of them. 
The weakness found in collagen fibrils is the imprint of the perfec-
tion of nature. In fact, these periodic imperfections enable the col-
lagen fibril to handle the tension it perceives, adapting continu-
ously: it reshapes itself to perpetuate its function [15]. The subsid-
ence points are highly susceptible to tension variation sites, where 
metabolic processes important to regulate the remodeling/reshap-
ing of the tissue of the fibrillar structure are initiated. These imper-
fections are like ‘Trojan horses’ where specialized proteolytic en-
zymes (matrix metalloproteinases (MMPs)) can more easily enter 
and start degradation and repair processes faster [15].

Connective Tissue

There are different types of connective tissue classified by mor-
phological and functional criteria. We can find dense (fibrous or 
elastic) connective tissue, with irregular or regular collagen organi-
zations, and loose (fibrous or elastic) connective tissue, character-
ized by the abundance of amorphous substance compared to the 
fibrous component. In dense connective tissue, collagen types I, III, 
XII, and XIV and elastin are particularly present, while in the loose 
one we mainly find collagen types I, III, IV, V, VII, XII, and XIV 
[6].

Fibroblasts are the main cellular component of connective tis-
sue and secrete components of the ECM such as collagen, glycosa-
minoglycans, elastic and reticulated fibers, and glycoproteins. They 
can differentiate into myofibroblasts when stimulated by trans-
forming growth factor beta 1 TGF-β1) and other pro-differentia-
tion signals. Myofibroblasts develop alpha-smooth muscle actin 
(α-SMA), which enables them to contract to facilitate wound heal-
ing, and upon completion of healing, they undergo apoptosis [16].
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It is not easy to give a definition of the ‘fibroblast’. For example, 
fibroblasts can produce collagen, transform into myofibroblasts 
and synthesize substances for the ECM. Pericytes are the connec-
tive tissue of vessels and are located in the microvascular base 
membrane, stimulating development and reshaping [17]. Fibro-
blasts, myofibroblasts, and pericytes produce proteins for the ECM 
and are located inside it; they have been shown to express α-SMA 
and vimentin, a stabilizing protein [17, 18].

The same fibroblasts in the same tissue may take different 
shapes and be designated by different names. For example, in ten-
dons and ligaments, fibroblasts have an elongated shape and are 
referred to as tenocytes and ligamentocytes, respectively [19].

Fibroblasts may express different functions, depending on their 
position within the tissue. For example, fibroblasts located in the 
superficial (papillary) layer of the dermis fulfill different tasks and 
perform different actions than the ones located in the deep or re-
ticular layers. The latter produce more collagen, proliferate more 
slowly and, in case of injury to the dermis, induce an altered behav-
ior of keratinocytic cells [20].

Connective fibroblasts communicate with each other and are 
fundamental to the management of perceived and produced ten-
sion [9].

In the connective tissue, there are other types of cells that have 
not yet been entirely analyzed and catalogued.

In the superficial and deep fascial tissue that covers and divides 
the muscles, there are cells similar to fibroblasts and which are 
called fasciacytes. These cells are specialized in the production of 
hyaluronic acid (a high-molecular-weight glycosaminoglycan poly-
mer of the ECM); the latter allows the dampening of tensions and 
the filling of cell spaces, and it also enables sliding of the different 
tissue layers [21]. Fasciacytes are probably located in fascial areas 
with a greater degree of innervation (more nerve endings, Pacini 
and Ruffini corpuscles) [22, 23].

Another cell type found in the connective tissue is the telocyte. 
There are not many studies on these cells in the fascial field, par-
ticularly in the thoracolumbar, crural, and plantar fascia, and in the 
fascia lata [24]. They can be found in many tissues of the human 
body and are involved in many biological processes [25].

Telocytes form a network inside the fascial network. They can 
form homocellular (among telocytes) and heterocellular junctions 
(between telocytes and fibroblasts, endothelial cells, stem cells, adi-
pocytes, etc.) [25]. Through these contacts, they are able to influ-
ence the metabolic environment and play a part in repair and re-
modeling/reshaping processes. The exact role of these cells in the 
fascia is still unknown [24–26].

Origin of the Collagens/Connective Tissue

The connective tissue, which harbors many tissues that derive 
from it, has its origin in the mesenchyme [13, 14]. During embry-
onic development, the connective tissue probably influences the 
shape (morphogenesis) of the structures it will later contain and 
connect [27].

The embryonic mesenchyme, or embryonic connective tissue or 
undifferentiated mesenchyme, is made up of star-shaped branched 
cells with a high mitotic rate (high reproductive capacity); they are 
considered as pluripotent cells because they can differentiate into 
several different tissues [28–30].

The mesenchyme can be found in and derives from all 3 embry-
onic layers (ectoderm, mesoderm, endoderm), especially from the 
mesoderm and the ectoderm [31, 32].

According to the information we are currently aware of, all the 
structures within the definition of fascia that are part of the head 
(muscles, bones, skin, etc.) and part of the cervical tract derive 
from the mesoderm and the ectoderm [33, 34].

Skin

The 2 most important layers of the skin are the epidermis and 
the underlying dermis. The epidermis is the surface epithelium that 
originates in the ectoderm, meaning that it is part of the structures 
that are in contact with the outside world [35]. Some authors also 
identify a third layer, the hypoderm, which lies under the dermis 
and is rich in adipocytes [36].

The epidermis is rich in cells called keratinocytes (95% of the 
total cells) and which synthesize a protein called keratin. The most 
superficial skin layer is again made up of different layers: the basal 
or germinative (the deepest) layer, the spinous layer, the granular 
layer, and the stratum corneum (corneal layer; the most superficial 
layer) [37]. We can identify a fifth layer where the skin is thicker, 
such as the palms of the hands and the soles of the feet. The pol-
ished layer is located between the granular layer and the corneal 
layer [38].

The remaining approximately 5% consists of cells such as mel-
anocytes (they produce melanin), Merkel cells (for the sense of 
touch), and Langerhans cells (as the first immune barrier) 
[36–38].

Keratinocytes migrate in the human body from the basal layer 
to the stratum corneum, where they die, in cycles of 40 days.

The keratinocytes allow preservation of the homeostasis of the 
epidermis and of the framework of the skin; they defend the skin 
against potentially harmful external/internal agents by secreting 
cytokines and chemokines, affecting the immune system [39].

Mechanical tension is a determining factor in the behavior of 
keratinocytes, just like in the case of fibroblasts [40]. Keratinocytes 
are sensitive to various types of internal and/or external mecha-
nostimuli, which significantly affect the skin morphology. Mecha-
nosensors such as p130Cas are located on the keratinocytes; 
p130Cas is a protein that, when triggered by deformation of the 
skin, stimulates the keratinocytes to proliferate [41]. Like all living 
cells exposed to numerous mechanical stimuli, the epidermis 
senses tension variations while maintaining its mechanical-meta-
bolic homeostasis and structure. The stretching-contracting move-
ment of the skin stimulates the opening of calcium channels, whose 
ions activate some proteins (e.g., phospholipase C and protein ki-
nase C) that migrate from the cytoplasm to the membrane of the 
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keratinocyte, thus allowing it to adapt to mechanical stress [42]. 
The framework of the cell (cytoskeleton), which mainly consists of 
keratin, acts as a mechanosensor and transducer of the present me-
chanical tension. Keratin is able to extend beyond the boundaries 
of the keratinocyte, contacting nearby cells to mechanically inte-
grate the tissue as a whole [42, 43]. The keratinocytes are elastic 
and able to produce minimal movements. These characteristics 
probably allow the entire epidermis to act as a unit in the presence 
of mechanical alterations.

Another protein contained in the epidermis is plectin, also 
found in muscle cells. This protein probably stabilizes cytokeratin 
in the presence of mechanical stresses, allowing it to produce ade-
quate mechanotransductive responses [44].

The dermis is the layer underneath the epidermis; it derives from 
the ectoderm (neural crest) for the head and the neck, from the lat-
eral plate of the mesoderm for the limbs and the anterior area of the 
trunk, and from the paraxial mesoderm for the back. The dermis 
nourishes and supports the epidermis and binds it to the hypoderm 
(fat). We can identify a more superficial or papillary layer and a 
deeper or reticulated layer [36]. In the dermis, there are important 
cellular structures such as fibroblasts, mastocytes, and mac-
rophages; keratinocytes and fibroblasts communicate between the 
basal epidermis layer and the papillary layer of the dermis [37]. This 
relation between keratinocytes and fibroblasts is very close and 
makes the skin stronger in the presence of mechanical stress [45].

The fibroblasts in the dermis have the ability to stimulate the 
proliferation of keratinocytes and to interact with the epidermis for 
repair processes, and vice versa [45, 46]. Keratinocytes stimulate 
fibroblasts to synthesize growth factors and cytokines (keratinocyte 
growth factor (KGF), fibroblast growth factor-7 (FGF-7), interleu-
kin (IL)-1, IL-6, and granulocyte-macrophage colony-stimulating 
factor (GM-CSF)), which in turn will stimulate major epidermal 
cells to proliferate, in a double paracrine manner. At the same time, 
with such a metabolic environment, fibroblasts will acquire the 
phenotypic characteristics of myofibroblasts under the control of 
keratinocytes [47]. KGF is able to stimulate fibroblasts to produce 
TGF-β1/CTGF (connective tissue growth factor), which will in-
duce the transformation into myofibroblasts for tissue repair [47, 
48].

A protein found in both the connective tissue and the dermis is 
the telocyte [24, 49]. Adipose tissue is either white or dermal white 
adipose tissue (DWAT) [50].

Discussion

We know that the dermis is considered as part of the definition 
of fascia and that the mesoderm is the cradle of the fascial tissue; 
yet, the dermic areas of the head and the neck derive from the ecto-
derm, as does the whole epidermis. This information highlights the 
shortcomings and the contradictions of the current classifications 
of fascia.

The layers are inseparable, and they move and respond in uni-
son to the presence of mechanometabolic information [51, 52]. 

The keratinocytes and the fibroblasts of the dermis mutually and 
simultaneously influence each other. In the connective tissue or-
ganization from the skin to the bone, the collagen fibrils form a 
network in the absence of genuinely separate layers, as the same 
structures are found from the surface to the depth; the so-called 
layers are only distinguishable due to the different fibrillar density 
[53].

We know that fibroblasts and keratinocytes respond in the pres-
ence of mechanical stimuli by secreting growth factors and cy-
tokines, thus affecting the surrounding cell environment, and by 
changing their morphology based on the nature of the mechano-
metabolic information they receive. In response to the application 
of forces, the strain-induced mechanical stimulation of the cells 
and their associated ECM gives them the ability to directly regulate 
integrin expression, focal adhesion proteins, the cytoskeletal or-
ganization, cell morphology, cell adhesion to the ECM, cell prolif-
eration, and cell differentiation, thus influencing the shaping of the 
fascia. Likewise, the cell has the ability to transfer the tension gen-
erated by its cytoskeleton to ECM proteins, influencing their be-
havior and shape [54].

From what we have just said, we believe that excluding the epi-
dermis from the fascial system definition does not make full sense 
of the fascial tissue itself. It is a solution that does not reflect the 
reality in the actual scientific situation.

The everyday movements of the body are possible thanks to the 
presence of the fascial tissues and their inseparable interconnec-
tions, which allows the sliding of the muscular framework, the slid-
ing of nerves and vessels between/around contractile fields and 
joints, in the same way as all the organs can slide and move among 
each other, influenced by the position of the body [24]. An altera-
tion of the bodily movements would have a negative influence on 
the neural, peripheral, and central processes, which would induce 
modifications in the motor patterns [55, 56]. The epidermis itself, 
in the presence of an illness, can negatively affect these bodily 
movements, locally and systematically, as well as the entire connec-
tive system (scleroderma) [57]. Also, through somatic-visceral re-
flexes starting from the epidermis, the skin is able to influence the 
emotional and visceral behavior, and it consequently causes 
changes in the bodily posture [58–60].

The fascial unit influences not only the movements but also the 
emotions. The presence of a disorder of the myofascial continuum 
during the everyday movements and activities can alter the emo-
tional state of a person. The human being is a fascia that walks. We 
are the living expression of bio-tensegrity. In other words, the pres-
ence of discontinuous compression elements (bones) balances the 
stress generated or received by continuous tension elements (mus-
cle and fascia) [53, 61].

The visceral fascial system may interact with the skin through 
the viscera-somatic pathways, affecting its metabolic behavior [62, 
63].

The epidermis influences the response of myofascial nocicep-
tors in the presence of neuropathic pain. It has been shown that, in 
certain pathological situations, the activation of tactile epidermis 
afferents through mechanical stimuli activates a nociceptive re-
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sponse of the myofascial mechanocytes during a movement, trig-
gering the phenomenon of allodynia [64]. In this situation, the 
common medullary pathways of the lamina I (the dorsal horns) are 
probably stimulated, projecting afferents to the ventral-posterior 
thalamic nucleus, which will project information towards the pos-
terior-dorsal insular cortex (limbic area) [64].

Our definition hypothesis is thus: ‘The fascia is any tissue that 
contains features capable of responding to mechanical stimuli. The 
fascial continuum is the result of the evolution of the perfect syn-
ergy among different tissues, capable of supporting, dividing, pen-
etrating and connecting all the districts of the body, from the epi-
dermis to the bone, involving all the functions and organic struc-
tures. The continuum constantly transmits and receives mechano-
metabolic information that can influence the shape and function of 
the entire body. These afferent/efferent impulses come from the 
fascia and the tissues that are not considered as part of the fascia in 
a biunivocal mode.’

Our definition is not to be considered as a point of arrival but as 
another departure.

Conclusions

There is currently no unanimous definition of fascial tissue. 
There are different views and scientific competencies from which 
the descriptions of the fascia are born. This article has discussed the 
functional characteristics of the connective tissue and the epider-
mis, emphasizing the mechanometabolic complicity between fibro-
blasts and keratinocytes. A brief analysis was made of the fact that 
the epidermis should fall within the definition of the fascial contin-
uum, and of how much the skin can affect the bodily system.

We are still far from being able to give a definition that is accepted 
by every researcher. Considering that there are cellular and metabolic 
aspects that have not been exhaustively analyzed yet, it will take some 
time to fully understand the functions of the fascial system, and more 
studies and research will be required to obtain a proper and descrip-
tive classification that focuses on what the fascia really is.
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