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Abstract The aim of this study was to analyse the
organization of the deep fascia of the pectoral region and
of the thigh. Six unembalmed cadavers (four men, two
women, age range 48–93 years old) were studied by dis-
section and by histological (HE, van Gieson and azan-
Mallory) and immunohistochemical (anti S-100) stains;
morphometric studies were also performed in order to
evaluate the thickness of the deep fascia in the diVerent
regions. The pectoral fascia is a thin lamina (mean thick-
ness § SD: 297 § 37 �m), adherent to the pectoralis
major muscle via numerous intramuscular Wbrous septa
that detach from its inner surface. Many muscular Wbres
are inserted into both sides of the septa and into the fas-
cia. The histological study demonstrates that the pecto-
ral fascia is formed by a single layer of undulated
collagen Wbres, intermixed with many elastic Wbres. In
the thigh, the deep fascia (fascia lata) is independent
from the underlying muscle, separated by the epimysium
and a layer of loose connective tissue. The fascia lata
presents a mean thickness of 944 �m (§102 �m) and it is
formed by bundles of collagen Wbres, arranged in two to
three layers. In each layer, the Wbres are parallel to each
other, whereas the orientation of the Wbres varies from

one layer to the adjacent one. The van Gieson elastic
Wbres stain highlights the presence of elastic Wbres only
in the more external layer of the fascia lata. In the thigh
the epimysium is easily recognizable under the deep fas-
cia and presents a mean thickness of 48 �m. Both the
fascia lata and pectoral fascia result innerved, no spe-
ciWc diVerences in density or type of innervations is
highlighted. The deep fascia of the pectoral region is
morphologically and functionally diVerent from that of
the thigh: the fascia lata is a relatively autonomous
structure with respect to the underlying muscular plane,
while the pectoralis fascia acts as an additional insertion
for the pectoralis major muscle. DiVerent portions of the
pectoralis major muscle are activated according to the
glenohumeral joint movements and, consequently, selec-
tive portions of the pectoral fascia are stretched, activat-
ing speciWc patterns of proprioceptors. So, the pectoralis
muscle has to be considered together with its fascia, and
so as a myofascial unit, acting as an integrated control
motor system.

Keywords Fascia lata · Iliotibial tract · Pectoral fascia · 
Myofascial unit · Connective tissue

Introduction

In recent years, the deep fascia has been object of studies
concerning its possible role in motor coordination and in
the etiopathogenesis of numerous extra-articular pain syn-
dromes [13, 14, 22–24]. Particularly, the fasciae are consid-
ered important for the connections among diVerent
muscular groups, explaining the irradiation of pain along
speciWc directions. Langevin et al. [9, 10] aYrm that con-
nective tissue functions as a wide range mechanosensitive
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signaling system and these signals could be altered in some
pathological conditions. Rijkelijkhuizen et al. [15] report
that the crural fascia has an important role in the transmis-
sion of muscle force. Maas et al. [11], Meijer et al. [12] and
Yucesoy et al. [31] also demonstrate that myofascial force
transmission acts both between adjacent synergic muscles
as well as between the more distant agonistic muscles
within a body segment thanks to fascial connections. Ger-
lach and Lierse [4] aYrm that connective tissue has a fun-
damental role in the biomechanics of the lower limbs,
proposing to consider a new functional system comprised
of bones, muscles, tendons, and fasciae and Fairclough
et al. [3] focus on the role of the iliotibial tract in the
mechanics of the knee. Vleeming et al. [29] sustain that the
thoracolumbar fascia allows the connections between the
trunk and the inferior limbs. The results from these studies
have often been generalized, attributing the biomechanical
characteristics demonstrated for these fasciae to all the deep
fasciae. In particular, some Authors [13, 14, 22] aYrm that,
analogously to the thoracolumbar fascia, also the fasciae of
the anterior region of the trunk are implicated in the trans-
mission of traction between the inferior and superior limbs,
and between the two upper limbs. Really, in anatomical
textbooks [2, 17, 19, 28] the pectoral fascia is described
like a thin layer of loose connective tissue and according to
Basmajian [1], in the thorax and the abdomen only a thin
areolar layer exists, rather than a true deep fascia. Hence,
the aim of this study was to contribute to clarify the macro-
scopic and microscopic diVerences between the pectoral
fascia and the fasciae of the limbs, with particular reference
to their relations with the underlying muscles, the amount
of collagen and elastic Wbres and the type of innervations.
Particularly we’ll take as reference the fascia lata, that is
one of the most known fascia of the limbs. So, if also our
study will demonstrate that the pectoral fascia is really so
thin, the biomechanical results obtained for the deep fasciae
of the limbs cannot be applicable, but a diVerent concept of
the fascial transmissions of the muscular tractions and of
the connections among diVerent muscular groups will be
think for the pectoral fascia.

Materials and methods

Collaboration between the Anatomy Departments of the
Padua University and of the Paris Descartes University,
allowed to perform macroscopic and microscopic analy-
sis of fasciae of the thorax and the thigh in six cadavers
(four men, two women, mean age 69 years, age range
48–93 years). These cadavers were neither embalmed
nor frozen prior to examination. Each dissection was
performed according to the following protocol. A super-
Wcial, longitudinal incision was done along the midline

of the body from the neck to the pubis, and then a trans-
versal incision along the two clavicles. In the Wrst phase,
only the skin in the left side of the trunk was removed in
order to display the subcutaneous tissue and the superW-
cial fascia. In a second phase, the superWcial fascia was
removed and the deep fascia was highlighted, isolated
and photographed (Canon EOS 350 digital camera). Its
relations with the underlying muscles and with the deep
fasciae of the neck, of the serratus anterior, latissimus
dorsi, trapezium and deltoid muscles were evaluated.
Also the possible continuity with the rectus abdominis
sheaths was investigated. Full thickness specimens, from
the skin to the muscle planes, and samples of only the
deep fascia were removed from each subject for histolog-
ical analysis. Specimens were taken from the upper
third, middle third, and inferior third of the pectoral
region of the right side of the trunk, along the midclavic-
ular line. In the thigh, the incision was done along the
anterior region of the thigh, from the anterior superior
iliac spine to the inferior border of the patella, and then
the subcutaneous planes were highlighted in a similarly
to the trunk. Specimens were taken from the inguinal
region, middle third and distal third of the controlateral
thigh, along the line of the rectus femoris muscle
(Fig. 1). The specimens were accurately oriented,
mounted on a cardboard to avoid deformation artifacts,
Wxed in 10% formalin solution and then embedded in
paraYn. During paraYn embedding, the specimens were
oriented paying attention to obtain full thickness section
from skin to the deep layer. From the paraYn embedded
samples, 10 �m thick sections were obtained and then
were stained with hematoxylin and eosin, van Gieson for
the elastic Wbres and azan-Mallory for the collagen
Wbres. An immunohistochemical stain (anti-S100 anti-
body) for nerve structures was also applied, according to
a previously described method [20]. All preparations
were observed with a Leica DMR microscope. To quan-
tify the elastic component in the fasciae, a morphometric
analysis was performed by ImageJ software. BrieXy, a
picture of the fascia, stained with van Gieson, was
acquired. The colors of the picture were analysed, dis-
playing histograms of the distribution of hue, saturation
and brightness. The interval of the violet colors, corre-
sponding to the elastic component, was manually selected.
The selected interval of colors was converted into white
and all the other colors into black. On the processed
images, the area corresponding to the deep fascia was
selected, and the percentage of the elastic component
was automatically measured.

Morphometric measurements of the deep fascia and, where
present, of the epimysium were made in the full thickness
specimens. The mean values and standard deviations of
these measurements were calculated. The diVerences in
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thickness between the regions were analysed by appropriate
statistical tests (Kurskal–Wallis test and Dunn’s Multiple
Comparison Test).

Further anatomical evaluations were performed on spec-
imens from the anatomical collection of the Anatomy Insti-
tute of the University of Padova, consisting of transverse,
5–10 cm-thick, slices of three whole human bodies (two
males, one female; ages: 3, 56, 62 years), preserved in
Kaiserling’s solution. In these specimens, types of connec-
tion between each fascia and underlying muscle were ana-
lysed.

Results

Macroscopic examination

In all of the examined cases, the fascia of the pectoralis
major muscle appears as a thin lamina, adherent to the mus-
cle. The pectoral fascia envelops the pectoralis major mus-
cle, and so superWcial and deep layers of this fascia have
been recognized. Medially, the pectoral fascia passes over
the sternum and continues with the controlateral pectoral

fascia. Proximally, the pectoral fascia is continuous with
the superWcial lamina of the deep fascia of the neck,1 later-
ally with the deltoid fascia and more caudally passes over
the serratus anterior muscle to continue with the fascia of
the trapezium and latissimus dorsi muscles. The fasciae of
the latissimus dorsi, trapezium and deltoid muscles are not
separable from the corresponding muscles and many intra-
muscular septa are recognizable. Distally, the pectoral fas-
cia presents some Wbrous expansions that extend to the
ipsilateral and controlateral rectus abdominis sheaths. In
this way, a clearly visible, criss–cross interweaving of
Wbres coming from the two sides of the pectoralis major
muscle forms over the xyphoid process (Fig. 2a). The
cadaver transverse slices conWrm the relationship of the
pectoral fascia and of underlying muscle (Fig. 3a): the two
layers of the pectoral fascia envelope the pectoralis major

Fig. 1 Full thickness specimens 
were removed from each sub-
ject, together with speciWc deep 
fascia specimens for histological 
analysis. In the thigh (a), speci-
mens were taken from the ingui-
nal region, middle third and 
distal third of the thigh, along the 
line of the rectus femoris mus-
cle. Specimens were taken from 
the upper third, middle third, and 
inferior third of the pectoral 
region, along the midclavicular 
line (b)

1 The Authors assumed the Anglo–Saxon classiWcation of the fasciae
of the neck. Indeed, the term “superWcial fascia”, used in the French
and Italian classiWcations, referred to the fascia covering the sternoclei-
domastoid and the trapezius muscles, could misunderstand with the
“true” superWcial fascia, that is the Wbroadipose lamina enveloping the
platysma muscle, and that shows completely diVerent macro and
microscopic characteristics.
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muscle, then fuse on the lateral margin of the pectoralis
major muscle to cover the serratus anterior muscle. Hence
the deep fascia appears to be thicker. The same fascia
divides itself again in the dorsal region to envelope the
latissimus dorsi muscle. Inside the pectoralis major muscle,
many intramuscular septa can be recognized. They present
a radiate disposition, converging toward the humeral inser-
tion of the pectoralis major muscle. Particularly, we can
distinguish some main septa, that allow the delimitation
between the pectoralis major and the deltoid muscles, and
between the costal and clavicular parts of the same muscle
(marginal septa), and many secondary septa, that subdivide
the pectoralis major muscle in numerous portions (intra-
muscular septa). Many muscular Wbres are inserted into
both sides of the intramuscular septa and into the inner sur-
face of the fascia, resulting the relationships between the
diVerent muscular bundles.

In the lower limb, the deep fascia of the thigh (also
known as fascia lata) covers all muscles and appears as a
thick, whitish layer of connective tissue, similar to an apo-
neurosis. It progressively increases in thickness in a proxi-
mal to distal direction. It continues distally with the crural
fascia. Laterally, it splits into two layers to enclose the ten-
sor fascia lata muscle and the iliotibial tract. To separate the
iliotibial tract from the deep fascia is very diYcult by dis-
section (Fig. 2b), while the fascia lata is easily separable
from all the muscles of the thigh. Indeed there is a virtually
uninterrupted plane of sliding between the fascia lata and
the muscle bellies, surrounded by their epimysium, and a
little layer of loose connective tissue is found between fas-
cia and epimysium. Only few strong intermuscular septa
origin from the inner surface of the fascia lata and extend
between the muscle bellies dividing the thigh into diVerent

compartments. Also the analysis of the cadaver transverse
slices (Fig. 3b) conWrmed the relations between the fascia
lata, the iliotibial tract and the underlying muscles.

Microscopic examination

Morphometrical analysis of the histological specimens
(Table 1) conWrms that the deep fascia of the pectoral
region is a thin connective lamina (mean thickness and
SD: 297 § 37 �m) closely connected with the pectoralis
major muscle. In particular, the thickness of the pectoral
fascia in the inferior thorax region (579 § 42 �m) is sig-
niWcantly higher (P < 0.001) than in the subclavicular
region (131 § 19 �m) and mammary region (182 § 87 �m).
An epimysial fascia, or epimysium, is not distinguished
between this fascia and the underlying muscle, but many
muscular Wbres of the pectoralis major muscle are in con-
tinuity with the pectoral fascia itself. Undulated collagen
Wbres, set at right angles to underlying muscular Wbres,
form the pectoral fascia. At van Gieson stain (Fig. 4a) the
elastic Wbres are 14 § 1.2% and the collagen Wbres are 86
§ 1.2%.

The deep fascia of the femoral region is a lamina of
connective tissue similar to an aponeurosis and presenting
a mean thickness of 944 § 102 �m (Fig. 4b). At the mor-
phometric measurements, its thickness is 541 § 23 �m in
the inguinocrural region, 874 § 62 �m in the middle third
of the thigh and 1419 § 105 �m in the distal third of the
thigh. The diVerent thicknesses in the three regions were
statistically signiWcant (P < 0.05). The collagen Wbres
form thick Wbrous bundles arranged in two or three layers.
In each layer, the Wbres are parallel to each other,
whereas, from one layer to the adjacent one, the orienta-

Fig. 2 a The crossing of Wbres 
in front of xyphoid process. The 
diVerent muscles expansions are 
evident, in particular we can rec-
ognize the pectoral major mus-
cle on the right and its Wbrous 
expansions extended into the 
ipsilateral and controlateral rec-
tus abdominis sheaths. b Fascia 
lata and iliotibial tract. During 
dissection, it was very diYcult to 
separate the iliotibial tract from 
the deep fascia, while the fascia 
lata is easily separable from all 
the muscles of the thigh
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Fig. 3 a Photograph of a cadaveric axial section of the thigh showing
the fascia lata (FL), the iliotibial tract (ITT) and the lateral intermuscu-
lar septum (LIS), and their relationship with the muscles of the thigh.
BM biceps femori muscle, STM semitendinosus muscle, SMM semi-
membranosus muscle, GM gracilis muscle, SM sartorius muscle, VMM
vastus medialis muscle, VLM vastus lateralis muscle. b Photograph of
a cadaveric axial section of the trunk showing the superWcial layer of
the deep fascia of the trunk (PF) enveloping the pectoralis major mus-
cle (PMa) and the latissimus dorsi muscle (LD) and covering the ser-
ratus anterior muscle (SA); PMi pectoralis minor muscle, TM teres

major muscle, SM subscapularis muscle. c Schematization of the rela-
tions of the fascia lata and the muscles of the thigh. The fascia lata
splits into two layers to enclose the tensor fascia lata muscle, the ilio-
tibial tract and the sartorius muscle, while all the other muscles of the
thigh are under the fascia lata and separated from it by loose connective
tissue. d Schematization of the relation of the superWcial layer of the
deep fascia of the trunk and the underlying muscles. In the trunk, the
pectoralis major, latissimus dorsi and trapezius muscles are eveloped
by the same fascia and form an additional myofascial layer with respect
to the other muscular planes of the trunk

Table 1 Thickness (in �m) of the pectoral fascia and fascia lata

Subjects Age Sex Pectoral region Fascia lata

Subclavicular 
region

Mammary 
region

Inferior 
thorax 
region

Inguinocrural 
region

Middle 
third of 
the thigh

Distal 
third of 
the thigh

1 65 M 99 101 601 572 817 1399

2 48 F 163 124 524 568 895 1324

3 81 F 126 131 631 547 853 1348

4 93 M 125 240 552 519 786 1404

5 52 M 134 145 540 523 941 1644

6 74 M 140 351 625 518 955 1395

Mean 
value (§ SD)

68 (§16) 4M
2F

131 (§19) 182 (§87) 579 (§42) 541 (§23) 874 (§62) 1419 (§105)
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tion of the Wbres varies. A thin lamina of loose connective
tissue separates each layer. In one anatomical specimen,
well-deWned bundles of muscular Wbres were found
between these connective laminae (Fig. 4c). At the inter-
nal and external surfaces of the fascia lata two thin lami-
nae (mean thickness: 23 § 4 �m) of undulated collagen
Wbres, not grouped into bundles, are present. At the van
Gieson stain, elastic Wbres are present only in these two
thin external layers, whereas lacking between the aponeu-
rotic layers of the fascia lata. The histological stains dem-
onstrate that the epimysial fascia (or epimysium) is a
mono-layered structure formed by connective tissue and
elastic Wbres. At the morphometric measurements, it pre-
sents a mean thickness of 48 �m. Some diVerences are
evident in the diVerent regions of the thigh: in the ingui-
nocrural region it presents a mean thickness of 43 § 9.5
�m, in the anterior thigh region of 19 § 2.6 �m and the
distal region of the thigh of 82 § 7.7 �m.

At the anti S-100 immunohistochemical stain some
small nerve Wbres are evidenced both in the fascia lata and
in the pectoral fascia, no speciWc diVerences among the
density or in the type of innervations have been highlighted
(Fig. 4d).

Discussion

The review of the Literature showed that the term “fascia” is
used to describe various anatomical structures with diVerent
macro and microscopical characteristics. From our study, it
is evident that the pectoralis fascia is thinner than the femo-
ral fascia and presents macroscopic and microscopic speci-
Wcities. The pectoral fascia shows a mean thickness of 297
�m, value comparable to that reported by Jinde [7] (0.2–
1.14 mm). At the contrary, our results diVer from the
description of the pectoral fascia by Graf [5], Tebbetts [27]
and Hwang [6], that describe the pectoral fascia as a thick
connective layer that becomes thin and feeble at the inferior
border of the PM (sixth intercostal space). These diVerences
are probably deriving from a diVerent use of the term “pec-
toral fascia”, indeed for the plastic surgeons it is usually
referred to the superWcial fascia, while for the anatomists is
referred to the fascia enveloping the pectoralis major muscle
[17]. Our dissections also demonstrate that the pectoral fas-
cia does not end at the level of the clavicle and the sternum
but continues with the deep cervical fascia, the controlateral
pectoral fascia and laterally with the fasciae of the latissimus
dorsi and deltoid muscles. Therefore, all these muscles are

Fig. 4 a: Deep fascia of pectoral region (Van Gieson stain, magniWca-
tion £200). It is formed by a single layer of connective tissue with
many elastic Wbres, forming an irregular mesh. It is evident the close
relation and connection with the pectoralis major muscle (PM). b Fas-
cia lata (Hematoxylin-eosin stain, no magniWcation); it appears as a
lamina of connective tissue similar to an aponeurosis formed by thick
Wbrous bundles. A thin lamina of loose connective tissue separates the

fascia lata (FL) from the underlying muscles (QM quadriceps femoris
muscle). c Fascia lata (azan-Mallory stain, £25), well-deWned bundles
of muscular Wbres were evident (black arrows) between the connective
laminae of the fascia lata. d Innervation of the pectoral fascia (immu-
nohistochemical stain anti-S100, £25). The black arrows evidence
two small nerves
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comprised within two layers of the superWcial lamina of the
deep fascia, and are not separable from the same (Fig. 3d).
This myofascial relation better explains the description of
the fasciae of the trunk by Sato [16], which reports that the
pectoralis major, latissimus dorsi and trapezius muscles
form an additional myofascial layer with respect to the
underlying muscular planes. From the developmental point
of view, these muscles originate as members of the limbs
muscles, but then they develope in the trunk just until the
connection with the midline (with the interspinous processes
of the spine in the back, with the sternum in the thorax) [8,
25]. In this way an additional muscular plan in the trunk is
formed. The development of these muscles in the trunk is
probably determined by the necessity to connect Wrmly the
limbs to the trunk, but also the superior and inferior limbs
and the superior limbs of the opposite sides. The superWcial
layer of the deep fascia, enveloping all these muscles, proba-
bly reinforces these connections. Indeed in our study numer-
ous expansions of the muscles into the fascia have been
found. Particularly, the expansions of the pectoralis major
muscles into the rectus abdominis sheaths connect the mus-
cles of the thorax and abdomen and the two emisomes,
whereas the superWcial layer of the pectoral fascia passes
over the sternum permits the connections between the two
pectoralis major muscles.

Our study shows the presence of many intramuscular
septa originating from the pectoral fascia. Numerous mus-
cular Wber bundles insert on these septa and on the internal
surface of the fascia itself. It could be hypothesize that this
close relationship between fascia and muscle allows selec-

tive spatial stretching of the pectoral fascia during the con-
traction of the pectoralis major muscle, permitting that the
zonal activation of the muscle corresponds to zonal stretch-
ing of the fascia. Besides, the particular relationship
between the muscular Wbres and the intramuscular septa
permits the Wne orientation of the vectorial forces created
by the activation of the muscle: diVerent portions of the
pectoralis major muscle are activated according to the
degree of movement at the glenohumeral joint and, conse-
quently, diVerent portions of the pectoral fascia are
stretched (Fig. 5a).

The fascia lata shows a completely diVerent structure. It
is very consistent and thick, like an aponeurotic-type tissue
[17], easily separable from the underlying muscles due to
the presence of the epimysium, which permits to the mus-
cles to slide independently from the fascia lata. Between
the epimysium and the fascia lata, a thin layer of loose con-
nective tissue, relatively rich in adipocytes, further facili-
tates the sliding between the fascia and the muscular planes
(Fig. 3c). Thus, the femoral fascia, as compared to the pec-
toral fascia, is a relatively autonomous structure with
respect to the underlying muscular plane. It perceives the
state of contraction of the thigh muscles only due to some
aponeurotic expansions that the muscles extend to the fas-
cia (Fig. 5b). Moreover it is probable that the aponeurotic
expansions of the gluteus maximus, tensor fascia lata, glu-
teus medius can explain the diVerent orientation of the col-
lagen Wber bundles within the fascia lata [17, 23].

The diVerent relationships between deep fasciae and
muscles in the trunk and limbs suggest that the pectoral

Fig. 5 a The contraction of the pectoralis major muscle stretches the
pectoral fascia directly, thanks to the muscular Wbres inserted onto the
fascia or its septa. So, diVerent portions of the pectoralis major muscle
are stretched according to the glenohumeral joint movements and, con-
sequently diVerent patterns of receptors are activated. b The fascia lata

is a relatively autonomous structure respect to the underlying muscles.
So, it feels the contractions of the muscles only thanks to some muscu-
lar expansions. In this Wgure are represented the expansions of the glu-
teus maximus (E1), the gluteus medium (E2) and the tensor of the
fascia lata (E3) muscles into the fascia lata
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fascia is stretched in a more precise manner than the fascia
lata, with diVerent activation of the proprioceptors. This
strong relationship between the deep muscular fascia and
muscles could give evidence of the anatomical base of the
concept of myofascial units (MFU), term that indicates the
muscles and fascia of a speciWc region [22–24], subtending
not only a morphological characterization, but also a pre-
cise functional organization. Indeed the MFU could be at
the bases of peripheral motor coordination [13, 14, 21–23,
29] and dynamic proprioception [18, 20, 23, 26, 30]. Fur-
ther studies will be necessary to better clarify the possible
alterations of the fasciae in pathological conditions.
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