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Abstract: Nowadays, modern ultrasound machines and high-frequency transducers allow us to
accurately assess the superficial soft tissues of the human body. In this sense, sonographic evaluation
of the skin and related pathologies is progressively growing in the pertinent literature. To the best of
our knowledge, a standardized sonographic protocol focused on the assessment of pathological skin
scars is still lacking. As such, the main purpose of the present study was to propose a technical guide
to sonographically assess skin scars in the daily practice of clinicians—starting from knowledge on
their histopathological features. In order to standardize the ultrasound examination, a superficial-to-
deep, layer-by-layer approach has been proposed to optimize its reproducibility and to promote a
common language among the different healthcare providers.
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1. Introduction

The superficial soft tissues of the human body such as skin and subcutis can be
accurately visualized by using modern ultrasound (US) equipment and high-frequency
transducers [1]. Indeed, the superior lateral spatial resolution of high-end machines allows
us to differentiate several histological layers—i.e., epidermis, dermis, dermo-hypodermal
interface (DHI), and the subcutaneous tissue [2,3]. Moreover, adjusting the technical settings
for depth, focus, and frequency range can further optimize the sonographic visualization
of the aforementioned tissues [4]. In this aspect, the ever-increasing capacity of US imaging
to assess different histological compartments of the (superficial) soft tissues has led to
the modern definition of sono-histology. Technically, a large amount of gel is necessary
to avoid unintentional compression of the skin with the US transducer preserving the
native shape, thickness, and vascularization of the superficial soft tissues. The aforemen-
tioned suspension technique—coupled with optimal settings for power Doppler imaging
(e.g., pulse repetition frequency)—is paramount to accurately visualize the small-size and
low-flow vascular elements [5,6]. Indeed, two main lymphovascular plexuses are located
within the dermis, a superficial and a deep one. The superficial plexus is composed of
terminal arterioles, capillaries, and postcapillary venules arranged in a candelabra-like loop
system inside the dermal papillae, with an ascending arterial branch and a descending
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venous branch [5]. The deep plexus is located in between the reticular dermis and the sub-
cutaneous tissue and presents small arteries and terminal arterioles anastomosed with the
overlying superficial lymphovascular plexus via vertically oriented blood and lymphatic
vessels [5]. Moreover, a complex network of superficial veins is located between the DHI
and the deep fascia—also known as the epifascial venous system [5]. Its superficial portion
runs within the DHI receiving the venous drainage from the dermis and subcutis; likewise,
its deep portion is mainly located at the level of the deep fascia [5].

Despite the above quoted technological advances of US machines and their wide
application in dermatology, the literature on the sonographic assessment of skin scars
(SSs) is quite poor. Bessonart et al., in 2005, evaluated six pathological SSs from five
patients using a 20 MHz US probe and compared them with the healthy contralateral
sides [7]. The authors described the echotexture of the SSs as hypoechoic compared with
the surrounding highly echogenic dermal tissue—i.e., “echo-poor structures”. Considering
the presence of high amount of connective tissue and collagen inside the SSs (which should
produce a hyperechoic image), they explained the paradoxical effect of a hypoechoic
sonographic pattern as related to the presence of abundant water-binding molecules such
as proteoglycans and glycoproteins [7].

Normally, wound healing involves a series of biochemical processes that progressively
lead to the formation of a normotrophic scar that is relatively flat, thin, and inconspic-
uous [8]. In patients with excessive wound healing, abnormal scars may develop with
stratum corneum barrier dysfunction and upregulation of epidermal differentiation and
proliferation markers, e.g., hypertrophic scar (HS) and keloid (K) [8,9]. Both of them involve
excessive collagen deposition; but K, unlike HS, exhibits fibrotic tissue that extends beyond
the boundaries of the original wound (i.e., invasive horizontal growth) and does not regress
during time [10]. Lobos et al., in 2017, defined K as hypoechoic and/or heterogeneous
thickening of the dermis that displaces the epidermis upward, with(out) a laminar pattern
and with(out) extension to the deeper layers [11].

The main purpose of the present research was, starting from the histological features
of SSs, to propose a simple, ready-to-use, layer-by-layer sonographic protocol for the daily
clinical practice. We strongly believe that the present standardized approach will represent
a step further to optimize their prompt management.

2. Materials and Methods

The authors planned a 3-step workflow as described below:

1st Phase: An extensive review of the scientific literature on histopathological features
of SSs was performed. The research mainly focused on their macroscopical aspects such
as shape, contracture, local infiltration, and vascularization (rather than their immuno-
histochemical features)—as the former may present corresponding sonographic findings.

v

PubMed and Web of Science were searched using the following keywords: “skin”, “scar”,

“histology”, “histopathology”, “hypertrophic scar”, and “keloid”.

2nd Phase: Using high-frequency US transducers (i18LX5 with a range of frequency
4.8-18 MHz and an i33LX9 matrix linear transducer with a center frequency of 30 MHz) and
high-end machines (Canon Aplio i800, Canon Medical Systems, Shimoishigami, Otawara-
Shi, Japan), different types of pathological SSs were sonographically evaluated. A physician
with more than 15 years of experience in US imaging of soft tissues collected the images
in 8 months. The average exam execution time was 30 min, and informed consent was
acquired from each patient involved in the present research. The patients were referred
for the US examination by general practitioners and dermatologists, and a total of 15 SSs
were evaluated. The US examination was performed using a distal gripping technique,
gently placing the ulnar side of the examiner’s hand over the skin of the patient to reduce
the compression of superficial soft tissues as much as possible—preserving their native
shape. The depth was adjusted to optimize the visualization of superficial soft tissues
in a field of view of 1-2 cm beneath the skin surface. A single focal zone was used and
positioned at the level of the dermis. The overall gain was set to optimize the contrast
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resolution between the hyperechogenicity of the dermis and the hypoechogenicity of the
subcutaneous tissue. A layer-by-layer US assessment was performed as reported in Table 1.
The epidermis, dermis, DHI, and subcutaneous tissue are the histological layers accurately
checked in order to guarantee a standardized and reproducible description of the SSs. Of
note, the SSs that were sonographically evaluated have not undergone a selective biopsy;
therefore, a direct cross-match between the sonographic and histological findings has not
been performed in the present study. All the data reported in the present research have
been used retrospectively, analyzing the images of the database of the Department.

Table 1. Sonographic approach to the SSs.

Histological Compartment Ultrasound Findings

Continuous, interrupted, hyper-reflective §

Epidermis . - -
P +/— dermo-epidermal dissociation

Thickness, echogenicity, and shape * of the scar tissue

Dermis .
+/ — vascular signals on CD/PD
DHI Continuous, interrupted, retracted
Subcutaneous tissue Infiltrative pattern, compressive pattern

§ Deep masking effect; * flat, globular, irregular-in-shape; CD: color Doppler; PD: power doppler; DHI: dermo-
hypodermal interface.

3rd Phase: Starting with the histopathological features and collecting their sonographic
patterns, a standardized US protocol was proposed in this manuscript. Considering the
methodology applied, i.e., without a head-to-head comparison of histopathological and
sonographic findings, the aim of this research was not to provide a protocol to perform
the sonographic differential diagnosis between HS and K. Instead, the authors intended
to establish a practical guide describing “how” to perform the sonographic evaluation of
pathological SSs in daily practice.

3. Results and Discussion

Taking into account the peculiar nature of the present manuscript, the authors com-
bined the results and discussion to provide a coupled description of the histopathological
and high-resolution US findings of pathological SSs.

3.1. Histopathology of SSs

The skin presents three different histological layers—the epidermis, dermis (papillary
and reticular), and subcutaneous tissue. Although the histologic appearance of the skin may
significantly vary, depending on the anatomical site, and the age of the patient may largely
influence the histological architecture of the skin, some basic histo-anatomical landmarks
can be recognized. The epidermis is a stratified and keratinizing squamous epithelium
made of keratinocytes, melanocytes, Merkel, Langerhans, and Toker cells [12,13]. The
papillary dermis shows as a loose meshwork composed of thin and poorly organized type
III collagen coupled with an abundant ground substance rich in water, glycosaminoglycans,
and acid mucopolysaccharides [12,13]. The reticular dermis presents multiple layers of well-
organized thick bundles of (mainly type I) collagens and thick elastic fibers aligned parallel
to the skin surface and randomly oriented in different spatial directions [14,15]. Lastly, the
subcutaneous tissue (subcutis) is characterized by mature adipose tissue arranged into
multiple fat lobules separated from each other by thick bands of connective tissue also
known as interlobular septa or fibrous scaffold [12,13].

The histologic exam of SSs typically shows a non-specific dermal fibroblastic and myo-
fibroblastic proliferation with nodular and/or multinodular growth pattern, epidermal
atrophy, and deposition of hyalinized collagen bundles [12,16-18]. An inflammatory
infiltrate is usually detected within the scarring tissue, whose quantitative and qualitative
features largely depend on the pathologic condition and the phase of the healing process.
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Indeed, in the early phase, the SS usually presents an abundant and mixed (lymphocytes,
macrophages, granulocytes, plasmacells, etc.) inflammatory infiltrate. After the first24-36 h
of the inflammatory phase, the formation of lymphatic and vascular neo-channels coupled
with mitosis of fibroblasts and endothelial and mesenchymal cells define the proliferative
phase with an intense deposition of collagen fibers [12,16]. In the subsequent remodeling
phase, the vascular network inside the scarring tissue becomes progressively reduced.
Collagen fibers adjust their spatial orientation in accordance with the lines of forces, and the
skin surface shows a reepithelization. In this sense, in the later phases, the SSs are mainly
fibrotic with scattered interstitial lymphocytes [12,16-18]. The histologic composition of
the inflammatory infiltrate may also vary depending on the pathologic condition, ranging
from a non-specific and interstitial lympho-plasmacellular infiltrate to a non-necrotizing
granulomatous reaction with multinucleated giant cells—i.e., stitches, foreign body reaction,
and destruction of follicular structures with extravasation of keratin/hair shafts into the
dermis [12,16-18].

In some patients, SSs display an exuberant and exaggerated growth pattern, rais-
ing the clinical suspicion of HS and/or K. Both are considered as clonal benign prolif-
erations/tumors mediated by hyperactivation of the wound-healing pathways (TGF-f3,
Wnt/ 3-catenin, etc.) [12,16,19]. Some authors consider the amount of current evidence as
insufficient to distinguish HS and K as separate entities. In this sense, they can represent
the same pathological process with different quantitative features—less pronounced in HS
and more pronounced in K [20,21]. Morphologically, K is prone to develop a horizontal
growth extending beyond the original wound boundaries, unlike HS, which is commonly
confined inside the original wound edges (Table 2) [12,16,22]. Clinically, K is less frequent
compared with HS, and it is more prone to local recurrence (causing aesthetic problems)
and does not regress over time [23,24]. As regard the size, HS commonly measures less
than 1 cm in thickness/width; meanwhile, K can develop in variable sizes, even reaching
large dimensions [23,24].

Table 2. Hypertrophic Scar vs. Keloid.

Hypertrophic Scar Keloid
High incidence Low incidence
No association with skin color Association with darker skin

Extension beyond the original wound

Confined within original wound boundaries .
boundaries

Usually <1 cm thick/wide Variable size

Associated with contracture Not associated with contracture

* Horizontal growth.

The histologic exam may play a key role in distinguishing HS and K. Namely, flattened
epidermis, scarring involvement of the papillary dermis, vertically oriented blood vessels,
and increased a-smooth muscle actin expression are histologic features more commonly
detected in HS than K (Figure 1) [16-18].

Notably, HS (compared with K) may develop excessive contracture, mainly promoted
by the (myo)fibroblastic cells expressing smooth-muscle actin—retaining contractile propri-
eties, abnormally tensioning and stretching the surrounding histological elements [9]. The
mechanical distortion of the soft tissues surrounding HS may have a key role in the devel-
opment of neuropathic pain by directly stimulating the local nociceptive fibers. Indeed,
more than 1 million myelinated and nonmyelinated free nerve endings (responsible for the
perception of temperature, itch, and pain) widely branch within the epidermis and dermis,
presenting a tuft-like arrangement [16].
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Figure 1. Histopathological features of HS. The histological sample (A) shows a hypertrophic scar (HS)
involving the dermis throughout its entire thickness and reaching the dermo-hypodermal interface
(black asterisks). Magnifications (B,C) clearly show the flattened epidermis (yellow arrowheads),
the scarring involvement of the papillary dermis (P), and the spiculated boundaries (red arrowhead)
penetrating and deforming the underlying subcutaneous tissue (subc). R: reticular dermis.

By contrast, K presents a peculiar histological component known as keloidal collagen.

The latter is characterized by thickened, hyalinized, and glassy collagen bundles, with a

chaotic spatial arrangement, and surrounded by a mucinous ground substance. Moreover,
unlike HS, the peripheral edge of scarring tissue presents a shape similar to a tongue in K
(Figure 2)—coupled with a horizontal fibrous band located in the upper compartment of
the reticular dermis [12,16-18].

subc

Figure 2. Histopathological features of K. The histological sample (A) shows how the keloid progres-
sively develops a horizontal growth (red arrowheads) extending beyond the edges of the original
wound. Magnification (B) confirms the normal thickness of the epidermis (black arrowheads), sparing
of the papillary dermis (P), and the tongue-like advancing edge of the keloid (black dotted line) from
the deep layers of the reticular dermis. subc: subcutaneous tissue.

Lastly, the presence and distribution of the vascular network seem to be a key histologi-
cal feature for the differential diagnosis between K and HS. Notably, arborizing, curvilinear,
and comma-shaped vascular structures are present in the majority of Ks and more rarely in
HSs [25].
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3.2. Sonography of SSs

First and foremost, in order to avoid misinterpretation of the US findings, the most
suitable timing to perform the assessment of the skin scar should be considered.

In the early phase of the healing process of skin wounds (7-12 days), the US exami-
nation should be avoided due to two main issues: the potential infectious risk related to
the discontinuity of the epidermis and the so-called “deep masking effect”. The latter is
a technical pitfall related to the massive thickening of the stratum corneum of the epider-
mis, which highly reflects the US beam preventing the visualization of the deep layers
(Figure 3) [26]. It can be considered quite similar to the classical artifact of the posterior
acoustic shadowing, commonly generated by hyper-reflective surfaces of the human body,
e.g., the cortical bone or calcific deposits [27]. In this case, a practical trick is represented by
the slight shift/tilt of the transducer to orient the US beam through the lateral aspect of
the scar, circumventing the acoustic shadowing and improving the visibility of the deep
tissues. Progressively, in the sub-acute (>15 days) or chronic (>30 days) phase of the healing
process of skin wounds, the thickness of the stratum corneum and the spatial arrangement
of the keratin laminae cover the scar change, allowing the US beam to penetrate toward the
deeper tissue planes.

Figure 3. The “deep masking effect”. Massive deposition of keratin laminae over the surface of the
epidermis (white arrowheads) may generate a hyper-reflective interface reducing the penetration of
the US beam within the deep layers and with the development of dark shadows (yellow asterisks)
that mask the inner echotexture of the dermis (d). The “deep masking effect” can be physically
considered very similar to the artifact of partial acoustic shadowing.

3.2.1. Epidermis

The epidermis appears as a thin hyperechoic line on US imaging [28,29]. The high
difference in the acoustic impedance between the gel and the epithelium, the presence of a
superficial keratinized stratum corneum, and its compact architecture with tight junctions
are the main physical and histological reasons for the high echogenicity of this layer [26].
Despite the recent advances in US machines, clear sonographic visualization of epidermal
lesions, especially those that measure less than 0.1 mm in depth, cannot be accurately
guaranteed [30]. The histological interface between the epidermis and dermis is known
as the dermal-epidermal junction. Histologically, this layer appears wavy due to the
presence of dermal papillae, but, sonographically, it presents with a linear arrangement
due to the very small size of the papillae—not detectable with any of the high-frequency
US transducers used for this research [26]. This transitional interface is made of a basement
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membrane and a complex mixture of numerous substances such as glycosaminoglycans,
laminin, and different collagen isoforms [12,13].

Normally, the hyperechoic epidermis covers the underlying hypoechoic scar tissue
located in the dermis. In some patients, the progressive remodeling of the scar may lead
to its detachment from the overlying epidermis—i.e., dermo-epidermal dissociation. This
condition can progressively evolve into a focal disruption of the epidermis with exposure
of the underlying scar tissue (Figure 4). Sonographically, a focal discontinuity of the
hyperechoic line representing the epidermis can be observed coupled with a hypo/anechoic
focus within the underlying dermal tissue.

Figure 4. The dermo-epidermal dissociation. Retraction of the scar tissue (S) may generate a gap
(white arrowhead) in between the epidermal (yellow arrowhead) and dermal (d) layers, i.e., dermo-
epidermal dissociation (A). This condition can evolve in a focal discontinuity of the epidermis (red
arrowhead), probably due to a local hypo-vascularization, with superficial exposure of the underlying
scarring tissue (B). subc: subcutaneous tissue.

Focal injury of the epidermal layer overlying the site of dermo-epidermal dissoci-
ation is most likely related to local hypoperfusion—with mechanical disruption of the
hemidesmosomal adhesion proteins at their attachment to the underlying laminae (lucida
and densa). Yet, as previously mentioned, there are terminal arterioles, capillaries, and
postcapillary venules arranged in a “candelabra-like loop system” located into each dermal
papilla, with ascending arterial and descending venous branches [26,31]. The authors
strongly suggest accurately reporting the aforementioned sonographic patterns of the
epidermis in patients with skin scars—to plan a suitable treatment to avoid infection of the
superficial soft tissues. For instance, special bandages to protect the scarring tissue, and/or
topical pharmacological agents to create a protective film over the focal discontinuity of
the epidermis can be used. Likewise, in patients with a clinical suspicion of epidermal
interruption (after the physical examination), a sterile gel should be adopted to prepare the
soft standing pad over the skin scar before the US assessment.

3.2.2. Dermis

The dermis is a ribbon-like band less echogenic than the overlying epidermis and
more echogenic than the underlying subcutaneous tissue [26,28]. Its echotexture is mainly
related to the presence of (type I and III) collagen fibers and abundant ground substance
that is highly hydrated [26,28]. Indeed, the latter is rich in water-binding molecules such
as glycosaminoglycans and mucopolysaccharides [12,13]. The most common sonographic
aspect of the skin scar is a focal hypoechogenicity of the dermis due to the presence of
scarring tissue (Figure 5).
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Figure 5. High-frequency US imaging of SSs. Hypoechoic scarring tissue (S) may involve the
dermis (d) in its entire thickness, displacing the overlying epidermis (white arrowheads) and the
underlying dermo-hypodermal interface (yellow arrowheads) (A). Using the very high-frequency
transducer, a scar (white dotted line) selectively involving the most superficial portion of the dermis
(d) and preserving its deep component can be visualized using the suspension technique (B). subc:
subcutaneous tissue.

As previously mentioned, despite the high concentration of collagen fibers inside the
scar that generate additional acoustic interfaces compared with the physiological dermis, it
is paradoxically hypoechoic [7]. This unexpected sonographic texture seems to be related
to the presence of water molecules bound to the glycosaminoglycans and proteoglycans,
and the fluids widely distributed inside the extracellular matrix of skin scars [7,32,33].
Nowadays, high-frequency US transducers allow a very detailed evaluation of the spatial
location of the skin scar within the dermis [34]. Indeed, the fibrotic tissue can involve the
entire thickness of the dermal layer or can selectively involve its superficial or deep portion
(Figure 5).

The edges of the scar can be ill-defined and poorly recognizable with a progressive
passage from the scar to the normal dermis (coarse transition). They can also be well
defined with a clear interface between the scar’s boundaries and the normal dermal tissue.
The color/power Doppler assessment of scarring tissue requires accurate adjustment of
technical parameters such as the Doppler gain/box and pulse repetition frequency [5,35].
The area of interest should be large enough to cover the entire scar; however, we suggest
avoiding excessive sizes, which might decrease Doppler sensitivity in detecting low flows
pertaining to small-size vascular elements (Figure 6) [36,37].

Using color Doppler US and comparing with clinical scoring, Lobos et al., in 2017,
published a retrospective study describing the vascular patterns of 42 clinically diagnosed
Ks[11]. They proposed a color Doppler US grading of Ks (inactive in the absence of vascular
signals, low and high in the presence of vessels) and concluded that clinical evaluation alone
can underestimate the activity in Ks [11]. Also, using high-end machines (Canon Aplio
i800, Canon Medical Systems, Shimoishigami, Otawara-Shi, Japan) and high-frequency US
transducers (i18LX5, i33LX9), we can identify rare and small-size vascular signals inside
the scarring tissue. We speculate that this finding may be related to the poor presence of
vascular elements within a skin scar in the inactive phase (absence of inflammatory and
remodeling phenomena). Of note, in clinical practice, the sonographic appearance of well-
defined hyperechoic scarring tissue without inner neo-vessels usually defines a “mature”
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skin scar that has completed the active remodeling process. In such cases, if clinically
indicated, manual treatments such as stretching and massages and physical agents such as
superficial heat can be applied to the fibrotic tissue to improve the skin elasticity and the
gliding of superficial soft tissues.

0.8
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Figure 6. Pitfalls in Doppler imaging of SS. Using a large amount of gel (i.e., the suspension technique)
and fully including the scarring tissue (S) inside the Doppler box, it is paramount to accurately
differentiate the real vascular signals (white arrowhead) inside the scar (A) from the ‘fake” ones
(yellow arrowheads) generated by the acoustic interface between the epidermis and the gel (B).
d: dermis, subc: subcutaneous tissue.

Likewise, artifactual flow signals at the gel-epidermis interface should not be misin-
terpreted as real vascular signals of the scarring tissue [27]. Indeed, fake vascular signals
generated at the acoustic interface between the two different histological compartments are
quite frequent during the musculoskeletal US and can be considered as a pitfall, especially
for beginners. In this sense, minor shifts of the transducer over the target area or tiny
changes in the pressure applied over the gel pad are very often tricks sufficient to promote
the disappearance of these artifacts.

3.2.3. Dermo-Hypodermal Interface and Subcutaneous Tissue

The DHI can be sonographically visualized as a thin hyperechoic line between the
dermis and the underlying subcutaneous tissue [35]. Likewise, the subcutaneous tissue
(subcutis) presents multiple hypoechoic fat lobules mechanically stabilized by a network-
shaped hyperechoic fibrous scaffold [35]. The latter is mainly composed of type IV and
VII dense/thick collagen bundles, elastic fibers, and fibroblasts; and it connects the dermis
to the deeper anatomic structures providing stability and elasticity to the subcutis [38,39].
Large blood and lymphatic vessels travel within the interlobular septae of the fibrous
scaffold branching into smaller elements that penetrate both into the intercellular ma-
trix of the adipose lobules of subcutis and into the dermis to anastomose with its deep
lymphovascular plexus [12,13].

The scarring tissue originating from the dermal layer may interact with the underlying
structures in an expansive or infiltrative pattern (Table 3).
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Table 3. Expansive vs. Infiltrative Pattern.

Expansive Pattern Infiltrative Pattern
Scar flat or globular in shape Scar irregular in shape *
Compression of the SUBC Infiltration of the SUBC
Continuous DHI Interrupted DHI
Absence of retractions Retraction of surrounding tissues

* With peripheral expansions. SUBC: subcutaneous tissue; DHI: dermo-hypodermal interface.

The expansive pattern is commonly characterized by a globular shaped scar that com-
presses the fat lobules of the underlying subcutis deflecting but preserving the hyperechoic
DHI (Figure 7).

B

Figure 7. Dermo-hypodermal and dermo-epidermal interfaces. The skin scar may present an
expansive pattern (Ep) compressing the underlying subcutaneous fat tissue (S) or an infiltrative
pattern (Ip) with distal expansions that penetrate inside the subcutaneous layer (S) (A). Detachment
of the epidermis (E) from the underlying dermis (D) can occur near the scarring tissue (S)—i.e., the
dermo-epidermal dissociation (B).

In this sense, the scar tissue with an expansive pattern shows a mass effect pushing
the surrounding soft tissues without retraction. In some patients, the epidermis and the
superficial portion of the dermis may develop a complete histological healing “hiding”
the scar in the deeper layers (Figure 8). In these cases, inspection during the traditional
physical examination may underestimate the real size/extension of the scar tissue whereby
US examination becomes necessary to identify and measure the skin scar. Of note, the
continuity of hyperechoic DHI must be confirmed for the entire extension of the skin
scar, considering the fact that the infiltrative process toward the underlying subcutis may
selectively involve the central or more lateral (peripheral) portion of the scarring tissue.

The infiltrative pattern, instead, usually presents a scarring tissue irregular in shape
that interrupts the DHI—penetrating within the subcutaneous fat and mechanically dis-
torting the surrounding tissue. The hypoechoic scar crosses the hyperechoic DHI and
generates thin expansions insinuating in between the adipocytes of the subcutis (Figure 7).
The sonographic pattern obtained with high-frequency US transducers accurately matches
the aforementioned histopathological features of HS, with fibrotic digitations advancing
within the subcutaneous tissue (Figure 1). In these cases, the concave deflection of the
epidermis and the spatial disorganization of the fat lobules and fibrotic scaffold of subcutis
can be considered as indirect sonographic signs of scar retraction. If clinically indicated, in
patients with the infiltrative pattern, a second-line diagnostic tool such as biopsy may be
necessary to accurately define the histopathological features of the mass.
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Figure 8. Expansive vs. infiltrative pattern of SSs. A globular shaped scar (S) originating from the
deep portion of the dermis (d) compresses the underlying subcutaneous fat tissue (subc) preserving
the histological continuity of the dermo-hypodermal interface (white dotted line) (A). Note that the
superficial portion of the dermis (white asterisks) is not involved in the fibrotic involution (A). An
irregular shaped scarring tissue (S) interrupts the dermo-hypodermal interface (red arrowheads) and
shows distal expansions (yellow arrowheads) infiltrating the subcutis (B). Interestingly, this type of
scar (S) shows a contractile behavior mechanically tensioning the overlying epidermis (void arrow)
and distorting the surrounding subcutaneous tissue (subc) (B).

4. Conclusions

Nowadays, by using high-end machines and high-frequency US transducers, a detailed
sonographic assessment of the SSs can be performed in clinical practice. To this end, the
present US protocol is intended to provide a simple and ready-to-use practical guide in the
daily practice of physicians to perform a standardized (layer-by-layer) evaluation. Last but
not least, using high-resolution B-mode and high-sensitive color/power Doppler imaging,
the differential diagnosis between HS and K would be better interpreted.

Author Contributions: Conceptualization, V.R.; writing—original draft preparation, V.R;
writing—review and editing, V.R., G.C., D.D., G.F, K.-V.C. and L.O,; supervision, K.-V.C. and
L.O. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable. Data included in the present research have
been used retrospectively. The histological samples are courtesy of Ricci Costantino and have been
obtained by the archives of Pathology Unit, Maggiore Hospital-AUSL Bologna, Bologna, Italy, with
patients’” informed consent.

Informed Consent Statement: Informed consent was obtained from all subjects involved in this study.
Data Availability Statement: Data are contained within the article.

Acknowledgments: We thank Costantino Ricci of Pathology Unit, Maggiore Hospital-AUSL Bologna,
Bologna, Italy and Department of Medical and Surgical Sciences (DIMEC), University of Bologna,
Bologna, Italy for the histological samples used in the present manuscript.

Conflicts of Interest: The authors declare no conflict of interest.



Diagnostics 2023, 13, 3629 12 of 13

References

1. Wortsman, X. Practical applications of ultrasound in dermatology. Clin. Dermatol. 2021, 39, 605-623. [CrossRef] [PubMed]

2. Wortsman, X. Common applications of dermatologic sonography. J. Ultrasound Med. 2012, 31, 97-111. [CrossRef]

3. Catalano, O.; Wortsman, X. Dermatology ultrasound. imaging technique, tips and tricks, high-resolution anatomy. Ultrasound Q.
2020, 36, 321-327. [CrossRef]

4. Wortsman, X. Ultrasound in dermatology: Why, how, and when? Semin. Ultrasound CT MRI 2013, 34, 177-195. [CrossRef]
[PubMed]

5. Ricci, V.; Ricci, C.; Tamborrini, G.; Chang, K.-V.; Mezian, K.; Zunica, F; Natika, O.; Kara, M.; Ozgakar, L. From histology to
sonography in synovitis: EURO-MUSCULUS/USPRM approach. Pathol.—Res. Pract. 2023, 241, 154273. [CrossRef]

6. Corvino, A.; Sandomenico, F; Corvino, F.; Campanino, M.R.; Verde, F; Giurazza, F; Tafuri, D.; Catalano, O. Utility of a gel
stand-off pad in the detection of doppler signal on focal nodular lesions of the skin. J. Ultrasound 2020, 23, 45-53. [CrossRef]
[PubMed]

7.  Bessonart, M.N.; Macedo, N.; Carmona, C. High resolution B-scan ultrasound of hypertrophic scars. Skin. Res. Technol. 2005, 11,
185-188. [CrossRef] [PubMed]

8.  Burd, A.; Huang, L. Hypertrophic response and keloid diathesis: Two very different forms of scar. Plast. Reconstr. Surg. 2005, 116,
150e—157e. [CrossRef]

9. Limandjaja, G.C.; Niessen, F.B.; Scheper, R.].; Gibbs, S. Hypertrophic scars and keloids: Overview of the evidence and practical
guide for differentiating between these abnormal scars. Exp. Dermatol. 2021, 30, 146-161. [CrossRef]

10. Wolfram, D.; Tzankov, A.; Piilzl, P,; Piza-Katzer, H. Hypertrophic scars and keloids—A review of their pathophysiology, risk
factors, and therapeutic management. Dermatol. Surg. 2009, 35, 171-181. [CrossRef]

11.  Lobos, N.; Wortsman, X.; Valenzuela, F.; Alonso, F. Color doppler ultrasound assessment of activity in keloids. Dermatol. Surg.
2017, 43, 817-825. [CrossRef]

12. Kanitakis, ]. Anatomy, histology and immunohistochemistry of normal human skin. Eur. |. Dermatol. 2002, 12, 390-399. [PubMed]

13.  Murphy, G.F. Histology of the skin. In Lever’s Histopathology of the Skin, 9th ed.; Elder, D.E., Elenitsas, R., Johnson, B.L., Jr., Murphy,
G.E, Eds.; Lippincott Williams & Wilkins: Philadelphia, PA, USA, 2005.

14. Meigel, W.N.; Gay, S.; Weber, L. Dermal architecture and collagen type distribution. Arch. Dermatol. Res. 1977, 259, 1-10.
[CrossRef]

15.  Stenn, K. Collagen heterogeneity of skin. Am. J. Dermatopathol. 1979, 1, 87-88. [CrossRef]

16. Lee, ].Y.-Y,; Yang, C.-C.; Chao, S5.-C.; Wong, T.-W. Histopathological differential diagnosis of keloid and hypertrophic scar. Am. J.
Dermatopathol. 2004, 26, 379-384. [CrossRef] [PubMed]

17.  Ehrlich, H.P; Desmouliere, A.; Diegelmann, R.E; Cohen, LK.; Compton, C.C.; Garner, W.L.; Kapanci, Y.; Gabbiani, G. Morphologi-
cal and immunochemical differences between keloid and hypertrophic scar. Am. J. Pathol. 1994, 145, 105-113. [PubMed]

18. Ogawa, R. Keloid and hypertrophic scars are the result of chronic inflammation in the reticular dermis. Int. J. Mol. Sci. 2017,
18, 606. [CrossRef]

19. Sato, M. Upregulation of the Wnt/ 3-catenin pathway induced by transforming growth factor-f in hypertrophic scars and keloids.
Acta Derm.-Venereol. 2006, 86, 300-307. [CrossRef]

20. Verhaegen, PD.H.M.; Van Zuijlen, PP.M.; Pennings, N.M.; Van Marle, J.; Niessen, E.B.; Van Der Horst, C.M.A.M.; Middelkoop,
E. Differences in collagen architecture between keloid, hypertrophic scar, normotrophic scar, and normal skin: An objective
histopathological analysis. Wound Repair Regen. 2009, 17, 649-656. [CrossRef]

21. Sumi, Y.; Muramatsu, H.; Hata, K.-I.; Ueda, M.; Muramatsu, T. Secretory leukocyte protease inhibitor is a novel inhibitor of
fibroblast-mediated collagen gel contraction. Exp. Cell Res. 2000, 256, 203-212. [CrossRef]

22. Andrews, ].P.; Marttala, J.; Macarak, E.; Rosenbloom, J.; Uitto, J. Keloids: The paradigm of skin fibrosis—Pathomechanisms and
treatment. Matrix Biol. 2016, 51, 37-46. [CrossRef] [PubMed]

23. Limandjaja, G.; Belien, J.; Scheper, R.; Niessen, F.; Gibbs, S. Hypertrophic and keloid scars fail to progress from the CD 34~ / «-
smooth muscle actin (x-SMA)* immature scar phenotype and show gradient differences in a-SMA and p16 expression. Br. J.
Dermatol. 2020, 182, 974-986. [CrossRef] [PubMed]

24. Limandjaja, G.C.; Broek, L.J.v.D.; Breetveld, M.; Waaijman, T.; Monstrey, S.; de Boer, E.M.; Scheper, R.].; Niessen, EB.; Gibbs, S.
Characterization of in vitro reconstructed human normotrophic, hypertrophic, and keloid scar models. Tissue Eng. Part C Methods
2018, 24, 242-253. [CrossRef] [PubMed]

25. Yoo, M.G.; Kim, I.-H. Keloids and hypertrophic scars: Characteristic vascular structures visualized by using dermoscopy. Ann.
Dermatol. 2014, 26, 603-609. [CrossRef] [PubMed]

26. Ricci, V.; Ricci, C.; Cocco, G.; Donati, D.; Fari, G.; Mezian, K.; Natika, O.; Ozcakar, L. From histology to sonography in skin and
superficial tissue disorders: EURO-MUSCULUS/USPRM approach. Pathol.—Res. Pract. 2022, 237, 154003. [CrossRef]

27. Ricdi, V,; Soylu, A.R.; Ozcakar, L. Artifacts and artistic facts: A visual simulation for ultrasound training. Am. J. Phys. Med. Rehabil.
2019, 98, 521-525. [CrossRef] [PubMed]

28. Alfageme, F.; Wortsman, X.; Catalano, O.; Roustan, G.; Crisan, M.; Crisan, D.; Gaitini, D.E.; Cerezo, E.; Badea, R. European

federation of societies for ultrasound in medicine and biology (EFSUMB) position statement on dermatologic ultrasound.
Ultraschall Med. 2021, 42, 39-47. [CrossRef]


https://doi.org/10.1016/j.clindermatol.2021.03.007
https://www.ncbi.nlm.nih.gov/pubmed/34809766
https://doi.org/10.7863/jum.2012.31.1.97
https://doi.org/10.1097/RUQ.0000000000000520
https://doi.org/10.1053/j.sult.2012.10.001
https://www.ncbi.nlm.nih.gov/pubmed/23768885
https://doi.org/10.1016/j.prp.2022.154273
https://doi.org/10.1007/s40477-019-00376-3
https://www.ncbi.nlm.nih.gov/pubmed/30927249
https://doi.org/10.1111/j.1600-0846.2005.00118.x
https://www.ncbi.nlm.nih.gov/pubmed/15998329
https://doi.org/10.1097/01.prs.0000191977.51206.43
https://doi.org/10.1111/exd.14121
https://doi.org/10.1111/j.1524-4725.2008.34406.x
https://doi.org/10.1097/DSS.0000000000001052
https://www.ncbi.nlm.nih.gov/pubmed/12095893
https://doi.org/10.1007/BF00562732
https://doi.org/10.1097/00000372-197901010-00016
https://doi.org/10.1097/00000372-200410000-00006
https://www.ncbi.nlm.nih.gov/pubmed/15365369
https://www.ncbi.nlm.nih.gov/pubmed/8030742
https://doi.org/10.3390/ijms18030606
https://doi.org/10.2340/00015555-0101
https://doi.org/10.1111/j.1524-475X.2009.00533.x
https://doi.org/10.1006/excr.2000.4815
https://doi.org/10.1016/j.matbio.2016.01.013
https://www.ncbi.nlm.nih.gov/pubmed/26844756
https://doi.org/10.1111/bjd.18219
https://www.ncbi.nlm.nih.gov/pubmed/31206605
https://doi.org/10.1089/ten.tec.2017.0464
https://www.ncbi.nlm.nih.gov/pubmed/29490604
https://doi.org/10.5021/ad.2014.26.5.603
https://www.ncbi.nlm.nih.gov/pubmed/25324653
https://doi.org/10.1016/j.prp.2022.154003
https://doi.org/10.1097/PHM.0000000000001134
https://www.ncbi.nlm.nih.gov/pubmed/30640289
https://doi.org/10.1055/a-1161-8872

Diagnostics 2023, 13, 3629 13 of 13

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Kleinerman, R.; Whang, T.B.; Bard, R.L.; Marmur, E.S. Ultrasound in dermatology: Principles and applications. J. Am. Acad.
Dermatol. 2012, 67, 478-487. [CrossRef]

Wortsman, X.; Wortsman, J. Clinical usefulness of variable-frequency ultrasound in localized lesions of the skin. J. Am. Acad.
Dermatol. 2010, 62, 247-256. [CrossRef]

Yen, A.; Braverman, I.M. Ultrastructure of the human dermal microcirculation: The horizontal plexus of the papillary dermis. J.
Investig. Dermatol. 1976, 66, 131-142. [CrossRef]

Alaish, S.M.; Yager, D.R.; Diegelmann, R.F.; Cohen, I. Hyaluronic acid metabolism in keloid fibroblasts. J. Pediatr. Surg. 1995, 30,
949-952. [CrossRef]

Babu, M.; Diegelmann, R.; Oliver, N. Fibronectin is overproduced by keloid fibroblasts during abnormal wound healing. Mol.
Cell. Biol. 1989, 9, 1642-1650. [CrossRef]

Ricci, V.; Ricci, C.; Gervasoni, F.; Giulio, C.; Fari, G.; Andreoli, A.; Ozcakar, L. From physical to ultrasound examination in
lymphedema: A novel dynamic approach. J. Ultrasound 2022, 25, 757-763. [CrossRef]

Ricci, V.; Ricci, C.; Gervasoni, F.; Andreoli, A.; Ozcakar, L. From histo-anatomy to sonography in lymphedema: EURO-
MUSCULUS/USPRM approach. Eur. J. Phys. Rehabil. Med. 2021, 58, 108-117. [CrossRef] [PubMed]

Di Santolo, M.S.; Sagnelli, M.; Mancini, M.; Scalvenzi, M.; Delfino, M.; Schonauer, F.; Molea, G.; Ayala, F.; Salvatore, M. High-
resolution color-doppler ultrasound for the study of skin growths. Arch. Dermatol. Res. 2015, 307, 559-566, Erratum in Arch.
Dermatol. Res. 2015, 307, 567. [CrossRef] [PubMed]

Corvino, A.; Varelli, C.; Cocco, G.; Corvino, E; Catalano, O. Seeing the unseen with superb microvascular imaging: Ultrasound
depiction of normal dermis vessels. J. Clin. Ultrasound 2022, 50, 121-127. [CrossRef] [PubMed]

Avram, A.S.; Avram, M.M.; James, W.D. Subcutaneous fat in normal and diseased states: 2. Anatomy and physiology of white
and brown adipose tissue. |. Am. Acad. Dermatol. 2005, 53, 671-683. [CrossRef] [PubMed]

Sbarbati, A.; Accorsi, D.; Benati, D.; Marchetti, L.; Orsini, G.; Rigotti, G.; Panettiere, P. Subcutaneous adipose tissue classification.
Eur. ]. Histochem. 2010, 54, e48. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.jaad.2011.12.016
https://doi.org/10.1016/j.jaad.2009.06.016
https://doi.org/10.1111/1523-1747.ep12481678
https://doi.org/10.1016/0022-3468(95)90319-4
https://doi.org/10.1128/mcb.9.4.1642-1650.1989
https://doi.org/10.1007/s40477-021-00633-4
https://doi.org/10.23736/S1973-9087.21.06853-2
https://www.ncbi.nlm.nih.gov/pubmed/33861039
https://doi.org/10.1007/s00403-015-1538-2
https://www.ncbi.nlm.nih.gov/pubmed/25604691
https://doi.org/10.1002/jcu.23068
https://www.ncbi.nlm.nih.gov/pubmed/34761407
https://doi.org/10.1016/j.jaad.2005.05.015
https://www.ncbi.nlm.nih.gov/pubmed/16198791
https://doi.org/10.4081/ejh.2010.e48

	Introduction 
	Materials and Methods 
	Results and Discussion 
	Histopathology of SSs 
	Sonography of SSs 
	Epidermis 
	Dermis 
	Dermo-Hypodermal Interface and Subcutaneous Tissue 


	Conclusions 
	References

