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Abstract

Purpose With a view to developing a tool for predicting
the behavior of soft tissues during plastic surgery proce-
dures, we looked for the existence of homologies in the
overall pattern of organization of the skin/subcutaneous
tissue complex between various body parts, using high-
resolution in vivo imaging methods and data available in
the literature.

Methods 3T MRI scanning sequences were performed
using appropriate radiofrequency coils on the face, thorax,
breast, abdomen and lower extremity of six healthy
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volunteers. The radiological findings were segmented and
converted into volumetric data.

Results  The superficial and deep adipose tissue was found
to be clearly separated by an intermediate layer called
stratum membranosum or superficial fascia. This continu-
ous layer covered all the anatomical parts of the body
examined. It was found to have several components in the
trunk and limbs and to form a continuous layer with the
superficial muscular aponeurotic system in the face. A
retaining connective network consisting of superficial and
deep retinacula cutis detected in all the regions investigated
sometimes formed more densely packed structures playing
the role of skin ligaments.

Conclusion The results of a 3T MRI study on subcuta-
neous tissue showed the existence of a common pattern of
organization of the skin—subcutaneous tissue complex in
the various parts of the body studied. This general model is
subject to quantitative variations and tissue differentiation
processes promoting the sliding or contractility of the
supporting tissue. Three-dimensional reconstructions were
obtained by post-processing the MRI images and will be
used to perform pre-surgical simulations by settings a
generic model that can be adapted to the different locali-
zation of the human body in a procedural way.

Keywords Skin - Soft tissues - Modeling - MRI -
Superficial fascia - SMAS

Introduction
Surgeons [13, 14], biomechanists [21, 28] and digital
designers are all looking for accurate and realistic means of

predicting the behavior of soft tissues. Although different
objectives have been pursued in each case, the main problem
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has been that of modeling a heterogeneous three-dimensional
structure showing complex mechanical behavior [10]. In fact,
there exist no mechanical models so far which accurately
simulate the anatomy of the skin/subcutaneous complex
(SSC) formed by the tissues, taking the connective arrange-
ments and the mobility of the components into account. The
SSC includes the skin, the subcutaneous fat and connective
means of union between the skin and the deep plane.

Most of the existing soft tissue models are uni- or bi-
lamellar models in which the tissue thickness is taken to be
constant and to show linear isotropic mechanical behavior.
These models therefore differ considerably from the com-
plex mechanical pattern of the human skin and adipose
tissue, which are supported by the complex three-dimen-
sional collagen network described in detail in many ana-
tomical and histological studies [2, 26].

Although the structure of subcutaneous tissue differs
between various regions of the human body, common
components have been identified in several anatomical [1,
8] and radiological studies [6, 23, 24, 42]. The idea of
developing a generic model for subcutaneous tissue which
could be applied to various anatomical regions was first put
forward 20 years ago by Lockwood [25], who presented a
superficial fascial system (SFS) focusing on the trunk and
limbs. Abu-Hijleh et al. [1] subsequently confirmed that the
subcutaneous tissues show a similar pattern of distribution
in the arms, legs and trunk. The anatomical descriptions
available include one or several fibrous layers corre-
sponding to the stratum membranosum (SM) usually called
superficial fascia (SF) running parallel to the skin, which
are crossed by fibrous septa called retinacula cutis (RC).
On the surface of the SM and at deeper level, there also
exist variable amounts of adipose tissue, known as super-
ficial adipose tissue (SAT) and deep adipose tissue (DAT).
Ferreira et al. [9] suggested the possibility of extending this
stratigraphic model to include the face, in which case the
superficial musculo-aponeurotic system (SMAS) was
regarded as a specific version of the SFS.

The aims of this study were first to perform 3T MRI studies
on the SSC in various body regions which are of particular
interest in the field of plastic and reconstructive surgery,
namely the face, the male chest and female breast, the
abdomen, the lower limbs and the buttocks. The second goal
was to determine how 3T MRI findings could help to draw up
a generic three-dimensional geometrical model for the SSC.

Materials and methods
Three-dimensional data acquisition

Three-dimensional 3T MR imaging (GE HDXT 3T, Gen-
eral Electrics®, Minneapolis, USA) was performed under
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closely controlled physical conditions (temperature 25 °C,
hygrometry 55 %).

Six healthy volunteers were selected for this purpose:
three males and three females with age range between 21
and 52 years (Table 1). Two different signal weighting
levels (T1 and T2) were used in the data acquisition
procedure to study the adipose layers and the retaining
connective network (RCN). The contrast was greater and
the signal-to-noise ratio was lower with T2 than with T1.
In the T1 relaxation kinetics, the differences between the
signals decreased at a later stage and the contrast
between the tissues was no longer sufficiently high. In
addition, since the T1 contrast decreased, the artifacts
induced by the movement, chemical shifts and the
magnetic sensitivity increased in the 3T high field. The
time elapsing between the two sequences was kept as
short as possible and the volunteers were asked to remain
motionless. The acquisition was carried out sequentially
on the abdomen during apnea to prevent the occurrence
of any artefacts. Four sequences, each consisting of 20
sections, were performed above and below the navel,
taking care to keep the flexible radiofrequency coil
consistently in the same position.

Details about the subjects and the MRI acquisition
protocols are presented in Table 1.

Segmentation of the skin/subcutaneous tissue complex

Segmentation procedures were applied to DICOM
images transferred to a special platform using the My-
rian 1.15.1 software program (SAS Intrasense, Mont-
pellier, France). With this program, multiplanar
reconstruction procedures can be applied and regions of
interest (ROI) attributed to anatomical structures [4,
15]. Images were segmented on the T2 spin echo
acquisitions by using complementary information pro-
vided by visualizing the synchronized T1 images. In the
case of structures like bones and fat, generating extreme
signals, some thresholding algorithms provided with the
software program were used. The other structures
(muscles, fasciae, cartilage, aponeuroses, etc.) were
segmented manually.

Several structures were identified to obtain a generic
model of SSC: the skin, the superficial adipose tissue
(SAT), the SM, consisting of the stratum fibrosum (SMAS)
and the stratum musculosum (SMAS) distinguished in the
face and the deep adipose tissue (DAT).

The underlying structures were segmented depending on
their anatomical locations: the deep musculature sur-
rounded by deep fasciae, the cartilage, bones (the skull,
ribs, vertebrae, iliac bone, etc.), ligaments, eyes, parotid,
mammary gland and blood vessels (without distinguishing
between arteries and veins).
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Table 1 Details of the subjects and the MRI acquisitions
Subject Subject no. 2 Subject no. 3 Subject no. 4 Subject no. 5 Subject
no. 1 no. 6
Subjects’ characteristics
Agelsex 28/female  35/male 29/female 51/male 52/female 21/male
Weight (kg) 52 78 54 86 69 67
Height (m) 1.65 1.81 1.7 1.82 1.63 1.75
Localization Face Breast Thorax Abdomen/lumbar Inferior limb Buttocks
region
Position Supine Prone Supine Supine Supine Supine
Number of acquisitions 4 (subjects 2 (subjects 1 (subject 2) 1 (subject 3) 1 (subject 3) 1 (subject
1-4) 2 and 5) 3)
Acquisition characteristics
Weighting levels Tl T2 T2 T1 (cardiac T2 T2 T1 T2 T1 T2
gating)
Radiofrequency coil “Cranial” 3 DT HDS8CH vibrating 3 DT HD8CH 3 DT HD8CH torso Standard Standard
type with  breast coil with torso array with  array with
32 8 channels 8 channels 8 channels
channels
Number of slices 420 395 80 142 125 4 x 20 3 x 128 3 x 128 128 128
Thickness of slices (mm) 1 1 2 2 2 1.5 2 2 2 2
Spacing (mm) 05 05 2 1 1 1 1 1 1 1

Some of the structures underlying the bones (the brain,
lungs, deep muscles and pharynx) were not included in the
model.

Results
The face

The skin could be clearly detected on all the sections. Its
thickness ranged between 1 mm in the median part of the
upper eyelids and 4 mm in the scalp and temporal region.

The SAT could be distinguished from the DAT because
they were separated by one or two hyposignal layers
(Fig. 1). The thickness of the SAT was found to be highly
variable. It was indistinguishable at the level of the pre-
tarsal orbicularis oculi muscle, the middle third of the nasal
ridge and above the anterior part of the orbicularis oris
muscle. The maximum thickness of the SAT (9 mm) was
observed in the anterior and median parts of the pre-
zygomatic adipose tissue.

The stratum membranosum was found to form a con-
tinuous layer running from the laterofacial part of the
superior temporal line down to the lower edge of the body
of the mandible. The galea capitis (epicranial aponeurosis)
which continues cranially to the stratum membranosum
plane was not viewed continuously mainly because the

Duplication
of the SM

Fig. 1 MRI scan in axial plane of subject #1 at the level of the caudal
temporal region showing the multi-stratigraphic pattern observed in
the face. OO orbicularis oculi, TPF temporo-parietal fascia, SAT
superficial adipose tissue, DAT deep adipose tissue, SM stratum
membranosum, SMAS superficial musculo-aponeurotic system

DAT was not visible above the superior temporal line.
Below the lower edge of the mandible, this layer was
contiguous with the platysma muscle ahead of the sterno-
cleidomastoid muscle plan. It usually consisted of a single
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hyposignal layer which was thicker anteriorly than later-
ally. In the temporal region, this plane corresponded to the
temporoparietal fascia. Anteriorly, it formed a continuum
with the plane of the orbicularis oculi muscle, and cranially
it formed a continuum with the plane of the frontal belly of
the occipitofrontalis muscle.

The trajectories of the main facial blood vessels (facial
and temporal arteries and their main branches) often ran on
the SM plane. In the zygomatic and temporal regions, the
SM consisted of several layers (2—-6). At the level of the
postero-inferior quadrant of the temporal region, it was
contiguous with the deep fascia of the temporalis muscle.
On the axial plane, this continuous lamina extended over
the whole of the face. It was thus easy to distinguish the
SAT and the DAT, apart from the triangle formed by the
summit of the nose and the two oral commissures. Inside
this triangle, especially in the naso-jugal fold, the layers are
intermingled, making the stratigraphic pattern more diffi-
cult to identify (Fig. 2).

Some of the muscles, such as the zygomaticus major
muscle, the levator labii superioris alaeque nasi muscle, the
risorius muscle and the medio-caudal part of the orbicularis
oris muscle did not fit this stratigraphic pattern because
their fibers crossed the DAT.

The breast and thorax

The average thoracic skin thickness was 3 mm. In the inter-
mammary space, the stratigraphic pattern of the SM was
less visible, since it merged medially with the pre-sternal
plane. A more distinct pattern of stratification was observed

Fig. 2 MRI scan in axial plane
at the level of the maxillary
region highlighting the loss of
the stratigraphic pattern
medially to the naso-labial fold.
LLSAN levator labii superioris
alaeque nasi, LAO levator
anguli oris, LLS levator labii
superioris. On the right subject
#3. On the left subject #2
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cranially to the sternal manubrium and caudally to the sub-
mammary fold. The SM identified beyond the mammary
region was continuous anteriorly, in the breast area, with a
superficial hyposignal layer located 3—4 mm under the skin
(corresponding to Patey’s mastectomy plane). This plane
was clearly interrupted at the level of the nipple. Posteri-
orly, a thin SM layer was sometimes visible, anteriorly
from the pectoralis major muscle plane. It was often
deduced from the change in the orientation of the perpen-
dicular RCN (corresponding to the Cooper’s ligament),
which became oblique before merging with it. The Coo-
per’s ligament sometimes seemed to interrupt the posterior
duplication of the SM merging with the pectoralis major
muscle fascia (Fig. 3).

A fairly similar pattern of organization was found to
exist in the male thoracic region (Fig. 4). The RCN running
perpendicular to the SM layers were less highly developed,
and the superficial SM layer was less clearly visible than in
the breast.

The back

We found mostly a single layer, which was thickened
(Fig. 4). A clear apposition was visible along the spine.

The abdomen

The thickness of the skin was measured from 5 mm ante-
riorly to 7 mm into the lumbar region. In the antero-lateral
part of the abdomen, the SM formed a single layer. More
anteriorly, it divided into two parts when the adipose tissue

2nd |ayer: LLSAN and LAO

1stlayer: OO and LLS

1stlayer: OO and LLS

SMAS merging with
parotid fascia
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RCN = Cooper’s ligament

1st layer of SM

2nd layer of SM

Fig. 3 MRI scan in axial plane of subject #5 at the level of the
areolar region focusing on the retaining connective network organi-
zation in the breast. The densification of the RCN constitutes the
Cooper’s ligament

Platysma muscle extending by SM

.

Thickening of the SM

Apposition SM / DP & Skin Ligament’s

Fig. 4 MRI scan in axial plane of subject #2 at the level of the upper
part of the thorax. Anteriorly, the platysma is in continuity with the
SM. Posteriorly, the SM is found to be thickened. Laterally, the RCN
density gradually increases

became thicker. In the peri-umbilical region, the SM took a
deeper course and merged with the pre-muscular fasciae of
the rectus abdominis muscles. In the posterior part, the SM
was clearly detected in the middle of the subcutaneous
tissue. This layer divided caudally, in the supra-gluteal
region. Opposite the spinous processes, the SM merged
with the premuscular fasciae of the erector spinal muscles
before emerging again between the latter. Some regions

were observed where the SM adhered to the posterior part
of the fasciae of the external abdominal oblique muscle
(Fig. 5).

The lower limbs and buttocks

The SM and RCN showed a similar pattern of organization
in these areas to that described in the literature [2, 25, 27].
Indeed, the organization of SM seems quite similar at the
level of all limbs (upper and inner) with one to two layers
of SM found on the thighs and arms and one layer for the
forearms and legs. The RCN is mostly undeveloped even
among overweight people. It seems to be organized around
the vascular and nervous elements.

However, that observed in the buttocks (Fig. 6) and
knees (Fig. 7) was unusually heterogeneous. A clear-cut
increasing gradient in the number of retinacula cutis was
detected medially in the knee and buttocks, corresponding
to the preferential fat storage sites.

Discussion

It is difficult to draw up a systematic description of the
architecture of subcutaneous tissue: this problem is
reflected in the lack of consensus between the terminology
used in various countries, which has been pointed out by
previous authors [1, 45, 47]. Nevertheless, most authors

1st layer of SM

2nd layer of SM
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Fig. 5 Distribution of the retaining connective network at the level of
the peri-umbilicus region (subject #1). The increase in thickness of
the adipose tissue matches with a subsequent increase of the mesh
formed by the RCN. Laterally and posteriorly, the RCN density
gradually increases
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1st layer of SM

2nd layer of SM

T~

U«

Apposition SM / DP & Skin Ligament’s
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Fig. 6 Distribution of the retaining connective network at the level of
the buttocks (subject #6). Laterally, the SM splits and then merges
with a dense supporting network formed by RCN

Progressive densification of the Retaining Connective Network

1st layer of SM

Fig. 7 Distribution of the retaining connective network at the level of
the knee (subject #6). As in the region of the abdomen and buttocks,
the increase in thickness of the adipose tissue is associated with an
increase in the density of RCN

[23, 44, 45] have agreed that the subcutaneous tissues
consist of three main components: the superficial adipose
tissue (SAT), an intermediate membranous layer, the SM
or superficial fascia which can be either fibrous and/or
muscular and either single or multiple, and the deep adi-
pose tissue (DAT).

Description of the retaining connective network
in the skin/subcutaneous tissue complex

The biomechanical parameters of the SSC depend on the

mechanical behavior of all the tissues (fat, collagen, elas-
tin), its architecture, and especially on the relationships
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between the various layers (skin with SAT, DAT with deep
level and skin with deep level). The SAT and DAT are
crossed by dense fibrous septa called retinacula cutis
superficialis (RCS) and retinacula cutis profondus (RCP).
Inside this retaining connective network (RCN), the adi-
pose tissue forms lobules separated by thin septa, as in a
honeycomb. The structure and development of these reti-
nacula cutis are indissociable from those of the fatty lob-
ules. Whenever the thickness of the adipose panicle
increases, these structures play a mechanical and physio-
logical role, reinforcing the neighbouring adipocytes. They
have been found to show considerable intra- and inter-
individual variability [22, 31, 38].

As previously established in anatomical studies on the
trunk and buttocks [23, 25, 27], the RCS are usually per-
pendicular to the skin and seem to play the role of per-
pendicular supports, whereas the RCP are more oblique,
and tend to serve as parallel supports. This meshing system
also seems to be involved in the dissipation of mechanical
loads and in proprioceptive processes. The SM protects and
sustains the major superficial veins [1, 3] by duplicating
itself. This anatomy is characterized in ultrasound by an
aspect of “Egyptian eye” mainly visible at the level of the
limbs where the fatty layer is less developed. Duplications
or densifications of the RCN promote also the passage of
the perforating vessels and decreases their parietal tension.

From a surgical point of view, the SM became a dis-
section plane of reference for perforator flaps harvesting as
the deep fascia is the good plane for fascio-cutaneous flaps
[29, 36]. The sub-SM plane provides thinner flaps [19] with
a thin subcutaneous layer that allows the skin to anchor
tightly to the surface, avoiding the phenomenon of gliding
sometimes criticized with fasciocutaneous flaps [17, 18].

The RCN, perpendicular to the skin, are stretched during
the dissection of perforator flaps and allow some safety
during harvesting. In case of propeller harvesting, the
release of the RCN surrounding the vascular pedicle can
prevent its strangulation during the twist.

Figure 8 presents an intraoperative picture of a thigh
dermo-lipectomy performed after liposuction. This picture
clearly shows the difference between the SM, the fat lob-
ules, the RCP and the membranes of septa. Some lobules
are full and others are emptied by liposuction. We can see
clearly the densification of the fat lobule intersections
called retinacula cutis (or skin ligaments in some particular
regions).

From the mechanical point of view, the collagen fibers
running perpendicular to the skin seem to serve contention
purposes, whereas the layers running parallel to the skin,
including the SM, tend to play a pressure resistance role
[43].

In some anatomical regions, there also exist some direct
skin attachments originating from the deep plane. These
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Fig. 8 Intraoperative view of a
thigh dermo-lipectomy after
liposuction. One can clearly
distinguish the lobular structure
of the SSC and the fibers of the
RCP inserted at the deep level
to the SM

connective components are usually called skin ligaments
[33], in line with the Cooper’s ligament [7] present in the
breast and the Furnas’ ligament [11] present in the face.
Anchoring points have also been described at the abdom-
inal and sternal levels by Lockwood [25], based on ana-
tomical studies and the effects of excess body weight on
the shape of the body. Some authors have previously
described skin attachments of this kind in the fingers [48],
the plantar sole [5], the palm of the hand and the scalp [1].
In our opinion, the term ‘skin ligaments’ should be used
only to denote features involving the constant densification
of the retinacula cutis whose topography is not dependent
on the organization of fat lobules. In the present MRI
study, we also established the existence in the abdomen
and thorax of areas where the SM is in close contact with
the deep tissue without any clearly visible vertical
anchoring structures. At breast level, the collagen network
running parallel to the galactophorous ducts showed a
similar mechanical pattern of adhesion between the
superficial and deep levels and can therefore be regarded as
a densification of the RCP. These retaining structures have
been studied particularly closely in the face with a view to
understanding the effects of aging and improving existing
methods of facial rejuvenation. Many attachment points
have been described since the classical descriptions by
McGregor and Furnas [11, 30, 46]. Since these structures
differ in their density and the regions in which they are
anchored, they have often been given different names (true
ligaments, adhesions and septae) [2, 20, 30, 32]. These
connective systems in the face subdivide the superficial and
deep subcutaneous fat into compartments, which have been
studied in detail by various authors, who reached fairly
similar conclusions [34, 35, 39]. The compartmentation in
question was described by Schaverien et al. [41] as a
vascular delimitation corresponding to the boundaries of

perforasomes [40]. In the present MRI study, the high
spatial resolution made it possible to determine that the
trajectory of the blood vessels indeed corresponded to the
pattern of distribution of the RCN in the face, especially
when they were crossing the DAT. Some perforating ves-
sels running perpendicular to the cutaneous plane were
sometimes found on the contrary to cross the SAT without
showing any concomitant densification. In the thoracic,
breast regions and the abdomen, a similar concordance
between the emergence of perforating vessels and the
pattern of distribution of the RCP was observed.

Integration of the face into the generic model

In the temporal and zygomatic regions, the SM was found
to be divided into several layers. Abu-Hijleh et al. [1]
previously described a similar pattern in the back, posterior
forearms and thighs. This particular arrangement may
contribute mechanically to stabilizing the superficial adi-
pose layers. The presence of muscle fibers in the subcuta-
neous tissues of the face is a matter of controversy. The
scattered relics of the panniculus carnosus present in other
mammals undoubtedly also occur in humans (in the pal-
maris brevis, dartos, external anal sphincter and nipple
subareolar muscle), but these features occur more sys-
tematically in the face muscles.

The idea that the SM and the SMAS may form a con-
tinuum has been previously put forward [9]. Although no
anatomical evidence has been found for the existence of a
continuum between the latero-facial SMAS, the temporo-
parietal fascia, the centro-facial musculature and the pla-
tysma, many authors [9, 26, 30, 37, 44] have agreed that
most of these muscles could be included in a single model,
forming a musculo-aponeurotic hood around the face,
separating the SAT from the DAT. In the present MRI

@ Springer



738

Surg Radiol Anat (2015) 37:731-741

study, as in a study by Som et al. [42], considerable con-
tinuity was observed between the latero-facial SMAS, the
temporoparietal fascia, the periorbital musculature and the
platysma. At the centrofacial level, however, it was diffi-
cult to determine whether this line was continuous. The
study by Gassner et al. [12] is consistent with our radio-
logical findings on the loss of the stratigraphic pattern from
the zygomaticus major muscle to the levator labii superi-
oris alaeque nasi muscle. We observed the existence of a
similar pattern in the risorius muscle. However, this
regional specificity should be qualified by noting that the
peribuccal (orbicularis oris) muscle is a particularly spe-
cialized and highly developed muscle.

Surgically, as described by many authors [12, 30], the
releasing of main retaining ligaments is a key stage of
facelifting ensuring redraping the skin and the SMAS in a
higher position while reducing distortions and maintaining
a stable result over time.

Advantages and limitations of 3T MRI for drawing
up a generic model of the SSC

3T MRI provides a useful tool for identifying in vivo the
structures constituting the SSC. Ultrasound methods have
been successfully used to study some specific regions [,
28, 45] and for the purpose of pathological analyses.
However, these methods do not give a continuous three-
dimensional picture of all the subcutaneous tissues in a
single data acquisition. Tomodensitometric methods have
also been used [6, 23, 27] to study the position of the SM
in the abdomen. However, these methods are not suitable
for studying more complex areas such as the face. They
are suitable to studying the retinacula cutis and the con-
nective components in areas where the neighbouring
structures have similar levels of X-ray absorptivity. The
use of 3T MRI was driven here by the need to optimize

Fig. 9 Homologies between the
patterns of distribution of the
skin/subcutaneous tissue
complex in the zygomatic and
lumbar regions. In the places
where the adipose tissue
becomes thicker, the SM splits
into two or more parts
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the spatial resolution. When dealing with the face and
breasts, this method allows us to distinguish between the
intermingled layers generating similar signals. This
advantage was less relevant when dealing with larger
areas, where the main problem was how to adjust the
signal-to-noise ratio. The use of surface coils played an
important role, but they had to be adapted from the
standard settings. Abdomen image acquisition was per-
formed sequentially on a patient in apnea, which pre-
vented continuous volumetric acquisition but allowed us
to obtain many details of the subcutaneous adipose
structure. Homologies between the modes of stratification
present in various body parts were brought to light by
segmenting the images (Fig. 9).

Generic model of the skin—subcutaneous complex

From the architectural point of view, the conjunctive
means of union supporting the skin and the SMAS along
with the Cooper’s and Furnas’ ligaments and other deep
points of attachment in the skin and the SM can be
regarded as a densification of the RCN, as shown in the
generic diagram of the SSC (Fig. 10). We think that the
means of unions visible on MRI and on histological sec-
tions are most part of the time the sectional visualization of
interlobular septa of the fatty layer and do not necessarily
play a mechanical role. The skin ligaments should be
considered as densifications or agglomerations of these
septa, playing a major mechanical role in retaining the skin
to the underlying tissue.

Likewise, the multi-stratified pattern described in many
anatomical studies confers considerable generic architec-
tural unity on the various structures running parallel to the
superficial and deep layers (SM, Scarpa’s fasciae, Colles’
fasciae, SMAS, temporoparietal fasciae, preparotid fasciae,
gallea, etc.).

Lower Back

@8 Skin @@ Muscle
| SAT BB Deep fascia/Aponeurosis
BB DAT B8 Bone

B8 SM*/SMAS/RC
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Fig. 10 Generic model of the skin/subcutaneous tissue complex.
Depending on the regions, the SM adheres to the deep tissue and the
SM splits into two parts. The RCS and RCP, densification of
interlobular septaec agglomerate to dense connective attachment
between the various layers. The interlobular septa are not shown to
allow a visual perspective. SAT superficial adipose tissue, DAT deep
adipose tissue, RCS retinacula cutis superficialis, RCP retinacula cutis
profondus, M muscle, B bone, DV deep vessels, P periosteum, DF
deep fascia, DP dermal plexus, SDP sub-dermal plexus, SFP supra-
fascial plexus. / Region of adhesion between the SM and the DP

Depending on their locations and functional specifici-
ties, some of the SM layers and the RCN were found to be
subject to hypo- or hypertrophic differentiation tending to
promote either tissue sliding, support or contractility.
Based on the anatomical data available in the literature and
the present findings, we have drawn up an overall strati-
graphic model for the SSC including the sustaining con-
nective network (Fig. 9), which seems to be applicable to
all the parts of the body. This generic model will enable us
to draw up several specific biomechanical models of the
human SSC in various parts of the body by specifying the
mechanical settings and the patient-specific architecture in
a procedural way [16].

Conclusion

The multiplanar stratigraphic model of the subcutaneous
tissue described in previous anatomical studies seems to be
applicable everywhere in the human body. The few local-
izations where the morphological pattern observed does not
correspond to this general model constitute only a tiny

(opposite the sternum or the iliac crest). 2 Perforator’s vessels running
with RCP and RCS thickening. 3 “Skin ligaments” consisting of
simultaneous densification of the RCS and RCP (Furnas’ ligament,
McGregor’s patch, Cooper’s ligaments). 4 SM duplication appearing
mostly in fatty areas (cheeks, lower back, breasts, back, face posterior
face of the arms, thighs, etc.). 5 Differentiation of the SM into muscle
(cf: the SMAS, Dartos, nipple areolar muscle, corrugator cutis ani,
palmaris brevis). 6 Thickening of the RCP connecting the SM and
SMAS at a deep level. 7 and 8 Thickening of the RCSs connecting the
SM and SMAS to the skin

fraction of the whole body area. These occasional excep-
tions can be easily accounted for in terms of the under or
overdevelopment of some layers.

In modeling studies, three-dimensional in vivo methods
are necessary to obtain a realistic architectural picture. The
3T MRI images obtained here were processed to present
the anatomical findings in the form of a geometrical model.
This model will allow us to obtain patient-specific bio-
mechanical models for predicting the behavior of soft tis-
sues, which should be of great use in plastic surgery.
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