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Background: The arborization of musculocutaneous (MC) perforators in the skin
and subcutaneous tissue has been well studied using cadaver anatomical studies
and preoperative imaging such as computed tomography and magnetic reso-
nance angiography. However, the fine arborization of perforators and anastomo-
ses between fine vessels in the skin and subcutaneous tissue remains unreported.
Understanding the peripheral arborization and characteristics of these vessels is
essential for advancing perforator flap techniques. We performed vascular dissec-
tion based on the layered structure to examine the vascular network of the subcu-
taneous tissue.

Methods: In 8 fresh cadavers, the buttocks (single layer of subcutaneous fat) and
back (double layer) were examined through radiological and gross observations
of MC perforators, with the fine arterial architecture analyzed in relation to the
layered structure of the subcutaneous tissue.

Results: Thin blood vessels at the periphery of the MC perforator were visualized.
The perforator reached the dermis, forming a subdermal plexus, from which twigs
ascended to the epidermis and descended to the subcutaneous fat. The vascular
plexus in subcutaneous tissue varied with the adipofascial structure, and twigs con-
necting the subdermal plexus to deep adipose tissue were also observed.
Conclusions: The thinning of perforator flaps and the elevation of adipofascial flaps
depend on the judgment of clinicians. We believe that understanding the arboriza-
tion and vasculature of MC perforators will enhance perforator flap procedures,
ensuring safer and stable blood flow. (Plast Reconstr Surg Glob Open 2025;13:¢6683;

doi: 10.1097/GOX.0000000000006683; Published online 25 April 2025.)

In 1988, Kroll et al' first used the term “perforator-
based flaps” in the clinical setting, and in 1989, Koshima
and Soeda et al” reported that a large flap without muscle
could survive on a single muscle perforator. This name was
subsequently changed to “perforator flap,” and numerous
reports describing the use of these flaps have been pub-
lished to date.
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Subsequent advances in surgical techniques, such as
supermicrosurgery, have also led to the use of more diverse
perforator flaps. Consequently, blood vessels are pursued
to the periphery over the deep fascia, and perforator flaps
that utilize a portion of the skin and subcutaneous tissue,
such as thin, super-thin, pure skin perforator, and adipo-
fascial flaps, are also being developed.™" Although most
of these flaps are based on experimental evidence rather
than anatomical findings, image analysis of the perfora-
tors using magnetic resonance angiography, computed
tomography, and photoacoustic tomography in both clini-
cal and anatomical settings has attempted to reveal the
arborization of the perforators.”*'® Nevertheless, these
studies treated the subcutaneous tissue as a single layer
and could only depict large branches of the perforators
due to limitations of resolution. In 1998, we demonstrated
the vasculature of the 6 types of vessels that penetrated the
deep fascia based on the layered structure of the subcu-
taneous tissue'’; however, that study was also insufficient.

In addition to clarifying the detailed arborization of the
perforator, elucidation of the vascular plexus based on the
layered structure of the subcutaneous tissue is important to
create thin perforator flaps, adipofascial perforator flaps, or
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Fig. 1. The basic 2-layered structure of the subcutaneous tissue.
The PAFS layer above the superficial fascia consists of round fat lob-
ules and tight fasciae. The LAFS layer between the superficial and
deep fasciae consists of flat fat lobules and movable fasciae. Good
vascular continuity of the LAFS layer was also observed.

perforator flaps whose pedicles consist of a finer branch of
the perforator. The subcutaneous tissue is considered a
2-layered structure, represented by Camper fascia and
Scarpa fascia in the abdomen, and differences in the mor-
phology of these 2 layers have been reported.”! In 2004,
we also studied these 2 layers throughout the body and
named the superficial layer the protective adipofascial sys-
tem (PAFS) and the deep layer, the lubricant adipofascial
system (LAFS), based on the morphology and mechanical
properties of the adipofascial tissue (Fig.1).” In most
regions of the body, the subcutaneous tissue consists of both
PAFS and LAFS layers, but in the areas where we do not want
them to slip, such as the buttocks, soles, and palms, the sub-
cutaneous tissue consists only of the PAFS layer. Therefore,
we conducted an anatomical investigation of the detailed
vasculature of the musculocutaneous (MC) perforator in
the different subcutaneous tissues and examined the vascu-
lar architecture in the dermis, PAFS, and LAFS.

METHODS

This investigation was conducted using 8 fresh cadav-
ers donated to the Keio University School of Medicine.
All cadavers were analyzed after obtaining the consent of
the families of the donors. This study was approved by our
institutional ethics committee at the School of Medicine
(IRB No. 20070026).

A lead oxide-gelatin mixture was injected into the
entire body of the 4 fresh cadavers. The skin and under-
lying soft tissues of the gluteus maximus muscle, where
the subcutaneous tissue shows a typical single-layer struc-
ture, and the latissimus dorsi muscle, where the subcu-
taneous tissue shows a 2-layer structure, were raised just
over the deep fascia. Arborization of the perforator was
radiographically observed in cross-sectional specimens. In
addition, to confirm the continuity of the blood vessels in
plain view, subcutaneous specimens of the latissimus dorsi
muscle were divided into the PAFS and LAFS layers, and
each layer was evaluated using radiographic images.

In 3 of the 4 other fresh cadavers, vascular continu-
ity in the PAFS and LAFS layers was observed under a
microscope. In the fourth cadaver, the vascular plexus was
observed from the undersurface of the LAFS layer after

2

PRS Global Open © 2025

Takeaways

Question: What exactly is fine arborization of the perfora-
tor and anastomoses between the fine vessels in the skin
and subcutaneous tissue?

Findings: We performed vascular dissection based on the
layered structure and examined the vascular network of
the subcutaneous tissue. As a result, 3 types of vascular
plexuses were formed, which differed from the conven-
tional concepts.

Meaning: We believe that this anatomical knowledge will
enable clinicians to shift from empirical, serendipitous
perforator flap-making to evidence-based flap-making,
and will be useful in clarifying the discrepancies in the
existing research on perforator flaps.

injecting Microfil (Flow Tech, Inc., Boulder, CO) through
the dorsal thoracic artery.

RESULTS

On the buttocks, where the subcutaneous tissue is
thicker and consists of a single PAFS layer, the MC perfora-
tor arborized after penetrating the deep fascia, and its rela-
tively large branches ascended toward the dermis. The
branches toward the dermis were named the adipocutane-
ous branches, and perforators up to the point of bifurca-
tion were named the main trunk. The adipocutaneous
branches further arborized and reached the dermis. Some
branches were also given off toward the PAFS before reach-
ing the dermis, and these were termed the adipofascial
branches (Fig. 2). Then, vessels that reached the dermis
ran nearly parallel to the skin, giving off very fine ascend-
ing and descending vessels, approximately 50-100 pm in
diameter. The fine ascending vessels were named “dermal
twigs” because they were arborized in the dermis. The der-
mal twigs appeared to anastomose with each other approx-
imately in the middle of the dermis (Fig. 3). Two types of
descending fine vessels were observed: one descended into
the very shallow portion of the PAFS layer just below the
dermis, and we named them the “descending twigs.” The
other type descended further and anastomosed with blood
vessels in the deeper PAFS layer; these were named “link-
ing twigs” (Fig.3). Fine vessels from the adipofascial
branches terminated to wrap around the fat lobules in the
PAFS layer. Therefore, we named the fine vessels of the adi-
pofascial branches the “surrounding twigs” based on their
morphological characteristics (Fig. 4).

The arborization of the MC perforator in the back,
where the subcutaneous tissue consists of the PAFS and
LAFS layers, was composed of adipocutaneous branches,
adipofascial branches, and their peripheral twigs (Fig. 5),
similar to the arborization observed in the buttock.
However, the adipofascial branches in the back were thin-
ner compared with those in the buttocks, running in a lin-
ear and horizontal direction, and the fine vessels of the
adipofascial branches were, therefore, referred to as “lin-
ear twigs.” On the latissimus dorsi muscle, which has a thin
deep fascia, many twigs did not reach the PAFS layer but
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Fig. 2. Cross-sectional angiogram of a perforator in the buttock where the sub-
cutaneous tissue consists of a single PAFS layer. The typical arborization of a
perforator was observed. 1, The main trunk of a perforator; 2, adipocutaneous

branches; and 3, adipofascial branches.
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arborized within the LAFS layer. These twigs were named
“musculofascial twigs.” The linear twigs and musculofas-
cial twigs are intimately anastomosed with each other,
forming a dense vascular network within the LAFS layer
(Figs. 6-8). This vascular network appeared to envelop
the adipose lobules. In the PAFS layer, the surrounding
twigs, which are the terminations of the adipofascial
branches, were similarly recognized as in the buttocks.
However, angiography revealed that the vascular network
in the PAFS layer was more sparse, and the horizontal vas-
cular continuity was less pronounced compared with the
LAFS layer (Figs. 6, 8). A relatively thick fascia, often
described as the superficial fascia, lies between the PAFS
and LAFS layers. Small blood vessels from the PAFS and
LAFS layers were observed to invade this fascia, but no
dense vascular network was found (Fig. 5). Linking twigs
were also observed in the PAFS and LAFS 2-layer regions,
connecting the dermal and subdermal vascular network to
the LAFS layer vascular network. The results of the vascu-
lar dissection are represented by a schema (Fig. 9).

~rt

Fig. 3. Enlarged image of the area enclosed by the red dotted line in Figure 2. Various twigs were
observed. The green arrows indicate dermal twigs; the yellow arrows indicate the descending twigs;
and the red arrows indicate the linking twigs. The blue dotted area indicates blood vessels in the middle
of the dermis.

We believe that different subcutaneous tissue layers
have different vascular architecture, so we investigated
the perforators in relation to the layered structure of the
skin and subcutaneous tissue and revealed the arboriza-
tion of the perforators, the forms of vascular twigs, and
the anastomoses between twigs radiographically and
macroscopically.

In 2004, we reported that subcutaneous adipose tissue
in the human body is primarily composed of 2 types: the
PAFS and LAFS layers and the PAFS-only layer. The fascia
separating the PAFS from the LAFS is referred to as the
superficial fascia, whereas the fascia separating the LAFS
from the muscular layer is called the deep fascia.” These
layers are described with different terminology in vari-
ous studies. Ashton,” for example, designated the layers
numerically in a hierarchical order, where layer 2 corre-
sponds to the PAFS and layer 4 corresponds to the LAFS.
Similarly, Goh et al” referred to these layers as superficial
fatand deep fat. In the present study, detailed arborization
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Fig. 4. Enlarged image of the area enclosed by the yellow dotted
line in Figure 2. The arrows indicate surrounding twigs from the
adipofascial branches (AF) in the PAFS layer.

of the MC perforator was imaged in the back and buttocks,

which are representative of 2-layer and 1-layer regions of
the trunk, and the characteristic morphology of the twig
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in each tissue layer and the vascular network by the twig
were revealed.

Arborization of the perforators, particularly in relation
to adjacent perforators, has been reported in previous
studies."**=* We have also discussed this in our own pub-
lications.'”! These studies focused on the concept of the
peripheral vascular network at the branch level. However,
with the advancement of techniques allowing us to iden-
tify finer peripheral structures, we now propose assigning
specific names to each vessel. Furthermore, because the
term “vessel” does not account for variations in thickness,
we suggest that the terms “branch” and “twig” be used
instead, as these vessels arborize and become progres-
sively thinner. On the basis of the vascular architecture,
we propose that the skin and subcutaneous tissues contain
the following 3 types of vascular plexuses from a clinical
viewpoint of flap elevation (Fig. 9).

Dermal Plexus

Most vessels in the dermis consisted of dermal twigs
and finer arborizing vessels from the twigs, and horizon-
tal vascular continuity was observed approximately at the
middle of the dermis. We named this vascular network
the dermal plexus. Although the subpapillary plexus at

Fig. 5. Cross-sectional angiogram of a perforator on the latissimus dorsi muscle, where the subcutane-
ous tissue consists of the PAFS and LAFS layers. The arborization of the perforator was basically the
same as that in Figure 2. Note that the fine blood vessels run horizontally in the LAFS layer. 1, The main
trunk of the perforator; 2, adipocutaneous branches; and 3, adipofascial branches. LT, linear twig; MT,
musculofascial twig; SF, superficial fascia. The red arrows indicate linking twigs.

Fig. 6. Gross anatomy of the vascular continuity in the PAFS and LAFS layers. A, Poor vascular continuity in the PAFS layer. The black arrows
indicate the surrounding twigs. B, Good vascular continuity in the LAFS layer. The black arrows indicate the linear twigs.
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Fig. 7. Gross anatomy of the undersurface of the LAFS layer on the
latissimus dorsi muscle. Numerous musculofascial twigs (arrows)
from the latissimus dorsi muscle were observed. Both arteries and
veins are filled with Microfil.

the junction of the reticular and papillary dermis was
impossible to delineate on our angiograms, its existence is
well known.*? This vascular network was considered to be
formed just below the epidermis by the most peripheral
portions of the dermal twigs. The subpapillary plexus was
considered to be included in the dermal plexus. Various
thin flaps have been developed, and Narushima et al’
recently reported a pure skin perforator flap with the
same thickness as a full-thickness skin graft. They skel-
etonized a perforator until it reached the dermis. The
dermal plexus identified in this study is an important
vascular plexus that serves as a hemodynamic concept,
and the vasculature of the pure skin perforator flap is
thought to consist of adipocutaneous branches, the sub-
dermal plexus discussed later, and the dermal plexus.
Apart from their clinical usefulness, these anatomical
results suggest that a skin flap with the same thickness
as a split-thickness skin graft, which Narushima et al’
described, is also possible.

Fig. 8. Horizontal sectional angiogram of MC perforators (light blue arrow) on the latissimus dorsi muscle. A, Full thickness of skin. B, LAFS.
C, PAFS. D, Epidermis and dermis. Note that the vascular network of the LAFS is dense, although the vessels are very fine.
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Fig. 9. Schematic view of arborization of the perforator and vascular plexuses in the skin with the PAFS and LAFS 2-layer structure. 1, The
main trunk of a perforator; 2, adipocutaneous branch; 3, adipofascial branch; 4, linear twig; 5, dermal twig; 6, surrounding twig; 7, MC twig;

8, linking twig; and 9, descending twig.

Subdermal Plexus

The concept of the subdermal plexus seems to be
somewhat ambiguous. As we have previously reported,
we considered that the so-called subdermal plexus was
composed of vessels in both the subdermal and deep der-
mal layers.” The subdermal plexus was considered to be
formed by the adipocutaneous branches that reached the
dermis and ran in parallel. Anatomical dissection revealed
that the subdermal plexus gave off descending twigs into
the shallow portion of the PAFS layer. From the viewpoint
of thin-flap hemodynamics, our study led to the conclu-
sion that the descending twigs should be included in the
subdermal plexus. Therefore, the subdermal plexus is the
vascular network in the deep dermis, just below the der-
mis, and in the shallow portion of the PAFS layer (Fig. 9).

Fasciocutaneous Plexus

The fasciocutaneous plexus has been considered a sin-
gle vascular network, with or without the inclusion of the
deep fascia. However, in most areas of the body, the sub-
cutaneous tissue consists of 2 layers, the PAFS and LAFS,
and the vascular architecture of each layer shows clear dif-
ferences. Therefore, we thought that the fasciocutaneous
plexus should be divided into the PAFS and LAFS plex-
uses. However, because the descending twigs in the shallow
PAFS layer were included in the category of the subdermal
plexus, the PAFS plexus indicates the vascular network pres-
ent in the PAFS layer, excluding the adipofascial tissue just
below the dermis. The PAFS plexus is composed mostly of
adipofascial branches and their surrounding twigs, with the
participation of the main trunk, adipocutaneous branches,
and linking twigs. We believe that one of the arborizing adi-
pocutaneous branches corresponds to the communicating
branch referred to by Saint-Cyr et al."*

Because of the poor anastomosis between the surround-
ing twigs, the PAFS plexus has poor horizontal vascular con-
tinuity. Therefore, if an adipofascial flap that depends only
on the PAFS plexus is considered, blood circulation is likely
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to be poor. Although the PAFS plexus is important in terms
of blood supply to the round fat lobules through the sur-
rounding twigs, we believe that the more important role of
the PAFS plexus is to connect the LAFS and deeper PAFS
plexuses to the subdermal plexus through the linking twigs.
The main vertical blood supply to the dermis is provided
by the adipocutaneous branches but is compensated by the
linking twigs in the PAFS plexus. Although the present study
did not focus on anastomosis with the adjacent perforator,
we believe that the direct anastomosis of the adipofascial
branches from adjacent perforators was the same as the
direct linking vessel referred to by Saint-Cyr et al'* and the
true anastomosis referred to by Taylor et al.*

The LAFS plexus is a vascular network in the LAFS layer
that consists mostly of adipofascial branches, linear twigs,
and musculofascial twigs, with the participation of the main
trunk and adipocutaneous branches. The LAFS plexus is a
dense network located within a highly mobile adipofascial
structure. We considered the LAFS plexus to be equivalent
to the suprafascial plexus, which is considered the hemody-
namic basis for the fasciocutaneous flap.* The good hori-
zontal vascular continuity of the LAFS plexus contributes
to the survival of fasciocutaneous flaps. Reconstructive sur-
gery with the perifascial areolar tissue has been performed
on the donor site where blood circulation is poor.”* The
perifacial areolar tissue is the LAFS itself, which is used as a
flexible tissue with rich blood circulation.

In 1986, we reported the classification of skin flaps and
the nutrient vessels of the fasciocutaneous flap, but at that
time, the understanding of the vascular plexus in the skin
and subcutaneous tissue was conceptual.” We believe that
these details regarding the vascular architecture of perfora-
tors will further improve the classification of skin flaps and
clarify the confusion in recent reports of perforator flaps.

In this study, we clarified the fine arborization of per-
forators in the skin, subcutaneous tissue, and PAFS and
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LAFS plexuses. We believe that knowledge of perforator
arborization will enable clinicians to shift from empirical
serendipitous perforator flap-making to evidence-based
flap-making that enables an anatomically and hemody-
namically stable design. This shift will ultimately lead to
a more precise definition of perforator flaps and the clas-
sification of skin flaps.
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