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Abstract

The term ‘visceral fascia’ is a general term used to describe the fascia lying immediately beneath the

mesothelium of the serosa, together with that immediately surrounding the viscera, but there are many types

of visceral fasciae. The aim of this paper was to identify the features they have in common and their

specialisations. The visceral fascia of the abdomen (corresponding to the connective tissue lying immediately

beneath the mesothelium of the parietal peritoneum), thorax (corresponding to the connective tissue lying

immediately beneath the mesothelium of the parietal pleura), lung (corresponding to the connective tissue

under the mesothelium of the visceral pleura), liver (corresponding to the connective tissue under the

mesothelium of the visceral peritoneum), kidney (corresponding to the Gerota fascia), the oesophagus

(corresponding to its adventitia) and heart (corresponding to the fibrous layer of the pericardial sac) from eight

fresh cadavers were sampled and analysed with histological and immunohistochemical stains to evaluate

collagen and elastic components and innervation. Although the visceral fasciae make up a well-defined layer of

connective tissue, the thickness, percentage of elastic fibres and innervation vary among the different viscera.

In particular, the fascia of the lung has a mean thickness of 134 lm (! 21), that of heart 792 lm (! 132),

oesophagus 105 lm (! 10), liver 131 lm (! 18), Gerota fascia 1009 lm (! 105) and the visceral fascia of the

abdomen 987 lm (! 90). The greatest number of elastic fibres (9.79%) was found in the adventitia of the

oesophagus. The connective layers lying immediately outside the mesothelium of the pleura and peritoneum

also have many elastic fibres (4.98% and 4.52%, respectively), whereas the pericardium and Gerota fascia have

few (0.27% and 1.38%). In the pleura, peritoneum and adventitia of the oesophagus, elastic fibres form a well-

defined layer, corresponding to the elastic lamina, while in the other cases they are thinner and scattered in

the connective tissue. Collagen fibres also show precise spatial organisation, being arranged in several layers. In

each layer, all the fibrous bundles are parallel with each other, but change direction among layers. Loose

connective tissue rich in elastic fibres is found between contiguous fibrous layers. Unmyelinated nerve fibres

were found in all samples, but myelinated fibres were only found in some fasciae, such as those of the liver

and heart, and the visceral fascia of the abdomen. According to these findings, we propose distinguishing the

visceral fasciae into two large groups. The first group includes all the fasciae closely related to the individual

organ and giving shape to it, supporting the parenchyma; these are thin, elastic and very well innervated. The

second group comprises all the fibrous sheets forming the compartments for the organs and also connecting

the internal organs to the musculoskeletal system. These fasciae are thick, less elastic and less innervated, but

they contain larger and myelinated nerves. We propose to call the first type of fasciae ‘investing fasciae’, and

the second type ‘insertional fasciae’.

Key words: elastic lamina; Gerota fascia; pericardium; peritoneum; serous membrane; visceral fascia; visceral

manipulation.

Introduction

The Terminologia Anatomica (1998) defines the visceral fas-

ciae as “a generic term for the fascia which lies immediately

outside the visceral layer of the serosae together with that

which immediately surrounds the viscera” (Table 1). Willard

(2012), reviewing the previous classification by Hollinshead

(1961), distinguishes three different layers of visceral
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fasciae: (i) those forming neurovascular sheaths; (ii) those

surrounding individual organs; and (iii) those underlying

pleural and peritoneal linings. In the last few years, interest

in them has been renewed, mainly in the field of surgery

(Puntambekar et al. 2015), but also in physiotherapy and

osteopathic medicine (Barral, 2005; Hedley, 2006; Paoletti,

2006; Bove & Chapelle, 2012; Stecco & Stecco, 2012). Accord-

ingly, in the normal healthy state, the visceral fasciae are

relaxed and can stretch and move without restriction, but

physical trauma, scarring, infection or inflammation can

alter their pliability and they may become tight, producing

pain or restriction of motion of the organs. Manual thera-

pies describe the elasticity of the visceral fasciae as regards

their capacity to transmit forces and their possibility of caus-

ing pain. In fact, very little is known about them, and we

still lack an overall view. Many authors have described an

elastic lamina in the pleura (Gallagher & Urbanski, 1990;

Michailova, 1996a,b, 1997; Mariassy & Wheeldon, 1983;

Kagramanov et al. 1998), peritoneum (Knudsen, 1991) and

pericardium (Ishihara et al. 1980; Kagramanov et al. 1998;

Braga-Vilela & De Campos Vidal, 2006). Kai et al. (2000) also

described an elastic lamina in rat spleen, suggesting that it

may play a role in the contraction of the whole spleen, but

were unable to identify the same lamina in guinea-pig,

mouse or dog (Kai et al. 2000). Some elastic fibres have also

been described in the hepatic capsule (Watanabe & Nishi-

zono, 1994), arranged as thin threads in a dense mesh.

Michailova (1996a,b) compared various visceral fasciae, and

demonstrated that they show significant differences in the

differing organs and regions. For example, the elastic mem-

brane under the basal lamina is definitely an obligatory

component of the visceral pleura and spleen capsule,

whereas in the other visceral fasciae, elastic fibres are visible

only singly. The first aim of this study was therefore to

clarify whether the visceral fasciae are really elastic and

whether differences occur in their elastin component.

A second point regards the organisation of collagen fibre

in the visceral fasciae. Watanabe & Nishizono (1994),

describing the hepatic capsule, stated that collagen fibres

were arranged in thick bundles extending in various direc-

tions to form rough meshes, whereas Kai et al. (2000),

examining the splenic capsule, described two different

fibrous layers, in which the components were arranged

more densely in the external than in the internal layer.

The third element to clarify concerns innervation.

Although the fasciae are considered to give rise to pain, it is

unknown whether they are all innervated and, if so, what

type of innervation they have (Pintelon et al. 2007). The

parietal peritoneum is known to have the same somatic

nerve supply as the region of the abdominal wall that it

lines, so that pain from the parietal peritoneum is clearly

localised and sensitive to pressure, pain, laceration and tem-

perature. Instead, pain from the visceral peritoneum is car-

ried in visceral afferent fibres that course along with

autonomic fibres, and it is consequently poorly localised

and sensitive only to stretching and chemical irritation

(Standring et al. 2009; Tanaka et al. 2011). In several cases,

the exact type of innervation of many visceral fasciae is

unknown.

The aim of this study was therefore to understand the

common features and specialisations of these fasciae.

Materials and methods

Macroscopic study

Anatomical studies (approved by the local ethical committee)

were performed on eight fresh cadavers (four men, four

Table 1 Definitions of various visceral fasciae mentioned in this paper and corresponding terms according to Terminologia Anatomica (1998).

Terms used in the paper Terminologia Anatomica (1998) Definition

Visceral fasciae Internal fascia “A generic term for the fascia which lies immediately

outside the visceral layer of the serosae together with that

which immediately surrounds the viscera” (from the

Terminologia Anatomica, 1998)

Visceral fascia of abdomen Visceral abdominal fascia, subserosal layer Connective tissue lying immediately beneath the mesotelium

of the parietal peritoneum

Visceral fascia of thorax Parietal subserosal layer Connective tissue lying immediately beneath the mesotelium

of the parietal pleura

Lung fascia Visceral subserosal layer Connective tissue lying immediately beneath the mesotelium

of the visceral pleura

Liver fascia Subserosa of liver Connective tissue lying immediately beneath the mesotelium

of the visceral peritoneum

Kidney fascia Fascia renalis, Gerota fascia Zone of dense endoabdominal fascia

Oesophagus fascia Tunica adventitia of oesophagus It is the outermost connective tissue layer covering the

oesophagus

Heart fascia Pericardium fibrosus Corresponding to the fibrous layer of the pericardial sac
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women; age range at death: 47–87 years), managed by the

‘Body Donation Program’ at the Institute of Anatomy, University

of Padova (de Caro et al. 2009; Macchi et al. 2011; Porzionato

et al. 2012).

From each cadaver, the following samples of visceral fasciae were

removed:

1 the heart fascia (corresponding to the fibrous layer of the

pericardial sac; Fig. 1A);

2 the liver fascia (= the connective tissue lying immediately

outside the mesothelium of the visceral peritoneum;

Fig. 1B);

3 the visceral fascia of the abdomen (= the connective tissue

lying immediately outside the mesothelium of the parietal

peritoneum; Fig. 1C);

4 the oesophagus fascia (corresponding to its adventitia;

Fig. 1D);

5 the visceral fascia of the thorax (= the connective tissue lying

immediately outside the mesothelium of the parietal pleura;

Fig. 1E);

6 the lung fascia (= the connective tissue lying immediately out-

side the mesothelium of the visceral pleura; Fig. 1F);

7 the kidney fascia (= the Gerota fascia; Fig. 1G).

Histological analyses

In each of the eight fresh cadavers, samples of visceral fasciae of

approximately 39 2 cm2 were taken. Each specimen was carefully

oriented, mounted on cardboard to avoid deformation artefacts,

and stored in neutral 10% formalin for 24 h. Then, after fixation,

each specimen was divided into two: one part was embedded in

paraffin wax, with the entire surface carefully oriented parallel to

the plane of the deep fascia; the second was oriented perpendicu-

larly. Sections 5 lm thick were obtained from each sample. Haema-

toxylin and eosin, azan-Mallory and Weigert-van Gieson

histological stainings were carried out.

Immunohistochemistry

Immunohistochemical tests were carried out with the rabbit poly-

clonal anti-bIII tubulin antibody (Couvance, Milan, Italy), dilution

1 : 5000, to identify neurofilaments, and with the rabbit poly-clonal

anti-S100 (Dako, Milan, Italy), dilution 1 : 5000, to identify nerve

structures in the fascia. The sections had previously been unmasked

with high pH pre-treatment and incubated with the DAKO Auto-

stainer System. Sections incubated without primary antibodies

A B

C

E F G

D

Fig. 1 Dissection of pericardial sac (A), liver fascia (B), visceral fascia of abdomen (C), esophagus fascia (D), visceral fascia of thorax (E), lung fascia

(F) and kidney fascia (G).
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showed no immunoreactivity, confirming the specificity of the

immunostaining.

Morphometric analyses

Random images of 15 sections per sample, oriented parallel or per-

pendicular to the fascial plane, were analysed to measure the total

thickness of each layer, the percentage of fascial elastic component

(violet-stained with Weigert-van Gieson) and percentage of S100

and bIII-tubulin immunopositivity, with IMAGE J 1.6.0 software

(National Institutes of Health, USA), freely available at http://rsb.inf

o.nih.gov/ij/, and image analysis procedures previously described by

our group (Porzionato et al. 2005; Guidolin et al. 2014).

The content of elastic fibres was evaluated in terms of percentual

areas stained in violet. The characteristics of the images, in terms of

hue, brightness and saturation, were evaluated in histograms. The

violet-coloured intervals corresponding to positive reactions were

identified and used to convert the colour images into eight-bit

black-and-white images. The percentage of the elastic component

was then automatically measured by the software. Similarly, the

contents of S100- and bIII-tubulin-positive cells were evaluated in

terms of percentual areas stained in brown, respectively.

Immunopositive cells were also counted. The same procedure was

used to count the immunonegative cells for blue colour intervals.

The percentage of immunopositive cells was then measured, the

number of brown cells being divided by the number of blue cells.

Lastly, random images of 15 sections of all samples oriented par-

allel to the plane of the fascia were analysed, to evaluate the angle

of incidence between adjacent fascial sheets.

Results

Macroscopic observations

Macroscopically, the visceral fasciae appeared to be whitish,

shiny and translucent, forming a protective layer on the sur-

face of various organs, but some specialisations were

already evident. The visceral fascia of the abdomen, corre-

sponding to the connective tissue lying immediately

beneath the mesothelium of the parietal peritoneum, can

easily be separated from the muscular fascia of the transver-

sus abdominis muscle, thanks to the presence of loose con-

nective tissue between the fasciae, whereas the visceral

fascia of the thorax cannot be isolated from the muscular

fascia of the intercostal muscle, but the two are fused,

forming the endothoracic fascia. Consequently, by ‘visceral

fascia of the thorax’, we mean all the connective tissue lying

immediately beneath the mesothelium of the parietal

pleura as far as the internal surface of the rib cage. The Ger-

ota fascia appears as a thick fibrous layer, easily identifiable

thanks to the surrounding fat tissue, whereas the oesopha-

gus and liver fasciae appear as thin layers of connective tis-

sue, adhering completely to the underlying organs.

Microscopic and morphometric evaluation

All the visceral fasciae are well-defined layers of connective

tissue arranged in bundles of collagen fibres with a certain

number of elastic fibres. Fascial thickness varies: in lung, it

has a mean thickness of 134 lm (! 21), in heart 792 lm (!
132), oesophagus 105 lm (! 10), liver 131 lm (! 18), kidney

1009 lm (! 105) and the visceral fascia of the abdomen

987 lm (! 90). The mean thicknesses of all the fasciae are

listed in Fig. 2, except for the parietal pleura, because its

borders were not clear, due to its fusion with the muscular

fascia of the intercostal muscles.

In all the sections of visceral fasciae, Weigert-van Gieson

staining identified a network of elastic fibres (Fig. 3). The

highest numbers of such fibres (9.79%) were found in the

oesophagus fascia. The connective tissue lying immediately

outside the mesothelium of the serosa also have many elas-

tic fibres (4.98% and 4.52%, respectively), although the

heart and kidney fasciae have few (0.27% and 1.38%). The

elastic fibres form a well-defined layer in the visceral fasciae

of abdomen and thorax, and in those of liver, lung and

oesophagus, corresponding to the elastic lamina already

described in the literature (Fig. 4). In the other cases, the

lamina is not so easy to identify, the fibres being thinner

and interspersed in the connective tissue.

Collagen fibres also have precise spatial organisation. Fig-

ure 5 shows that the bundles of collagen fibres are organ-

ised in several layers, all parallel with each other (Fig. 5D),

whereas their direction changes among layers, generally

forming an angle of about 54 ° (Fig. 5C). Loose connective

tissue rich in elastic fibres is found between contiguous

fibrous layers. In the heart and kidney fasciae, elastic fibres

appear above all in this loose connective tissue; they are

almost absent in the fibrous layers.

In all samples, immunohistochemical analysis showed a

positive reaction to bIII-tubulin antibody, which is the major

component of neuronal microtubules, indicating the exis-

tence of neurofilaments inside all the visceral fasciae. These

data were supported by morphometric analyses, which

revealed a mean percentage of positive cells of 16.8%.

Instead, S100 immunohistochemical analysis gave a positive

reaction only in some specimens, such as liver and heart fas-

ciae and the visceral fascia of the abdomen (Fig. 6). Mor-

phometric analyses indicated a mean percentage of 2.3%

of positive cells.

Discussion

Dissections revealed that two different types of fasciae may

be identified in each organ: the first is a thin fascia sur-

rounding the organ and closely adhering to it, as in the

liver, lung and oesophagus fasciae; the second is composed

of a thicker fascia, not usually adhering to the organ, which

acts as the compartment for the various organs and which

is connected in various ways to the parietal wall. The

fibrous layers of the pericardial sac, renal fascia, and the vis-

ceral fasciae of the abdomen and thorax belong to this

group. Morphometric analyses revealed a statistically signif-

icant difference in the thicknesses between the fasciae of
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the groups, in that those of the second group are thicker

(929.3! 145.2 lm vs. 123.3 ! 21.56 lm, P < 0.0001; Fig. 7).

These two groups were also distinguished by their elastic

component: elastic fibres were more abundant in the

fasciae of the first group (5.768 ! 1.88%) than in the sec-

ond (1.371 ! 0.98%, P < 0.0001; Fig. 8). This distribution of

fibres is probably due to the functional and mechanical fea-

tures of the fasciae: those adhering to organs and viscera

Fig. 2 Full wall thickness of various visceral

fasciae. Graph shows statistically significant

differences (****P < 0.0001); table lists mean

thickness of various fasciae in lm.

Fig. 3 Percentage of elastic fibres in human

visceral fasciae. Graph shows statistically

significant difference among fasciae (****P <
0.0001); table lists mean percentage of elastic

fibres in various visceral fasciae.

A B

C D

Fig. 4 Weigert-van Gieson stains of various

fasciae to show arrangement of elastic fibres:

lung fascia (A), visceral fascia of abdomen (B),

liver fascia (C), oesophagus fascia (D). Scale

bars: 150 lm (A–D). In visceral fascia of

abdomen, elastic fibres are mainly found in

loose connective tissue between fibrous

sublayers.
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have to support their physiological compliance and move-

ments, whereas the other visceral fasciae define specific

compartments and maintain vital space round the organs.

Differences among the visceral fasciae in terms of elastic

properties and composition have already been suggested in

experimental animal models, such as the visceral pleura of

A B

C D Fig. 5 Arrangement of collagen fibres in

visceral fasciae, azan-Mallory stain (A, C, D).

(A) Full wall thickness of pericardial sac: note

several fibrous sublayers. (B) Diagram of

collagen arrangement. (C) Visceral fascia of

thorax: note angle of approximately 54 °
between adjacent fibrous sublayers forming

(C). Section of a sublayer of visceral fascia of

abdomen, showing how collagen fibres are

all arranged in the same parallel direction (D).

Scale bars: 300 lm (A); 150 lm (B–D).

A B

C D

E F

Fig. 6 Immunohistochemical anti-bIII-tubulin
reactions (arrows: A, C, E, F) and anti-S100

(stars: B, D) in human visceral fasciae: liver

fascia (A,B), heart fascia (C,D), renal fascia

(E), visceral fascia of thorax (F). Scale bars:

150 lm (A, C, E, F); 75 lm (B, D).
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mice (Nomura et al. 1998), sheep (Mariassy & Wheeldon

1983) and cats (Michailova, 1996a,b). Ozdogan et al. (2006)

also demonstrated that the percentage of elastic and colla-

gen fibres in the transversalis fascia and peritoneum

changes in patients with inguinal hernia, in comparison

with a control group.

In all the visceral fasciae, we identified the same sublayer

organisation described for the muscular fasciae (Purslow,

2010; Benetazzo et al. 2011; Tesarz et al. 2011). That is, they

are formed of two or three layers of fibrous collagen bun-

dles. The fibres are oriented in the same direction in each

layer, but the direction changes in the adjacent layer, form-

ing a mean angle of 54 °. The layers are separated by loose

connective tissue, permitting gliding and autonomy among

the various sublayers.

Nerves were found in all samples, but were more numer-

ous in the bIII-tubulin-positive cells (16.8% vs. 2.3%) and

mainly in fasciae adhering to organs and viscera; S100-posi-

tive nerve cells were found more frequently in the thicker

fasciae. bIII-tubulin highlights unmyelinated nervous fibres

and S100 myelinated ones. This finding is probably due to

the fact that it is known (Standring et al. 2009) that fasciae

close to organs have only autonomic innervation, whereas

the visceral fasciae of abdomen and thorax also have sensi-

tive, somatic innervation. Further studies will be necessary

to evaluate the autonomic and somatic innervation of the

visceral fasciae.

Conclusions

According to the above findings, we propose distinguishing

the visceral fasciae into two large groups. The first com-

prises all the fasciae closely related to organs and giving

form to them, supporting the parenchyma. They are thin,

elastic and contain many nerve fibres, probably from the

autonomic nervous system. The second group comprises all

the fibrous sheets forming organ compartments and also

connecting internal organs to the musculoskeletal system.

These fasciae are thick, less elastic and contain fewer nerve

fibres, but they are larger and myelinated. We propose to

call the first type of fasciae ‘investing fasciae’ and the sec-

ond type ‘insertional fasciae’.
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