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ABSTRACT

Aim : In this study, we examined the distribution of myofibroblasts (MF) in stage I and
IV pressure ulcers, using histological and immunohistological methods, and also discuss the
relationship between the distribution of their depths and wound contraction. Method : Eight
pressure ulcers obtained from cadavers were investigated. According to the NPUAP classi-
fication, three subjects were Stage II, and five subjects were Stage IV with undermining.
Paraffin sections of pressure ulcers were made, stained and examined by light microscopy.
Anti a-smooth muscle actin antibody was also used to specifically identify MF. The speci-
mens of stage IV ulcers were cut in the same direction to observe the wound roof, tran-
sition area and wound bed in one section. All subjects gave their informed consent to have
their skin tissue examined after their death. Results : Partial-thickness wound -Stage II :
No granulation tissue was present. No MF were observed. Full-thickness wound-Stage IV
with undermining : Numerous MF were distributed in the connective tissue of the wound
roof and at the transition area, and along the granulation tissue in the wound bed. As a
result, the distribution of MF in pressure ulcers with undermining showed a belt and J-
shaped form from the wound roof to bed. Summary : No MF in partial-thickness wounds
were observed. These findings suggest that partial-thickness wounds heal not by wound
contraction but instead by epithelialization. The distribution of MF in a J-shaped form
seems to allow for the effective closure of the undermining, because the contraction of a
belt of MF in the roof and wound bed pulls the transition part from the roof to the wound
bed toward the center of the ulcer.
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Introduction

The healing process of skin wounds entails the dis-
tinct but temporally overlapping processes of inflam-
mation, re-epithelialization, granulation tissue forma-
tion, and tissue remodeling'’. Partial-thickness wounds
which lack an entire epithelium, but possess a partial
dermis without containing any adnexal structures tend
to rapidly heal by re-epithelialization with either mini-
mal or no scaring. On the other hand, full-thickness
wounds, which are deeper than the dermis and also
include adnexal structures, do not heal completely by

re-epithelialization and thus they need the formation
of granulation tissue and wound contraction associated
with a reduction in the wound area. Since such
wound contraction causes about a 40% decrease in
the full thickness wound area®’, while also shorting
the time required for re-epithleialization, wound con-
traction is therefore considered to play a critical role
in the healing of such wounds.

Myofibroblasts (MF) in granulation tissue are
known to be related with wound contraction® "', Due
to mechanical stress and inflammation, fibroblasts
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differentiate into proto-myofibroblasts and then trans-
forming growth factor 81 (TGF- S 1), which is pro-
duced by inflammatory cells, promotes the modulation
of proto-myofibroblasts into differentiated MF. Finally,
MF begins to disappear after epithelialization. Although
MF looks similar to fibroblasts under light micros-
copy, some special structures of MF can be observed
by transmission electron microscopy; such as bundles
of microfilaments with dense bodies in between them,
gap junctions between MF, supermature focal adhe-
sions in vitro®’ and a fibronexus in vivo” which are
all specialized contacts with the extracellular matrix,
and moreover, stress fibers®’ and @ -smooth muscle
actin (@ -SMA)®' appear in MF. Although @ -SMA is
present in vascular smooth muscle cells, the presence
of @ -SMA represents the most reliable marker of the
myofibroblastic phenotype®’. The contractive activity
in

of MF has been shown both in vivo® and

' and the orientation of MF varies in the differ-

vitro"
ent layers of granulation tissue; including alterative,
exudative, exudativo-productive, and cicatrizing layers
from surface to deep'”. In the exudative layer, the
long axis of MF is perpendicular to the surface of
wound, whereas in the exudativo-productive layer and
cicatrizing layer, the long axis is parallel to the sur-
face. This indicates that the changes in the orientation
of MF to serves transmit contractile force in order to
effect wound closure.

Pressure ulcers are a type of wound that frequently
occur in elderly 65 years of age and older™ . The
treatment of such wounds is a serious issue regarding
the medical care of the elderly. Pressure ulcers are
areas of local tissue injury, which develop where soft
tissues are compressed between bony prominences and

any external surface for a long time'™

. Moreover, some
factors that contribute to the development of pressure
ulcers are shear force, friction, moisture, and poor nu-
trition. Pressure ulcers are usually clarified into four
stages according to the NPUAP classification'®, from
stages I—IV. Stage I pressure ulcers appear as a de-
fined area of persistent redness, stage II pressure ul-
cers demonstrate partial-thickness skin loss involving
the epidermis or dermis, or both, stage III pressure
ulcers show full-thickness skin loss involving the
damage or necrosis of subcutaneous tissue, and stage
IV pressure ulcers demonstrate full-thickness skin loss

with extensive destruction, tissue necrosis, or damage
the structures.
Moreover, stage III or I'V pressure ulcers usually pos-

to muscle bone or supporting
sess a cave or undermining of the wound edges
which is created by the excavation of the subcutane-
ous or muscle tissue.

The length of time that pressure ulcers require to
heal depends on the stage of the pressure ulcers; ap-
proximately 7-16.7 days for stage I, approximately
19.8-28.1 days for stage II, approximately 101 days
for stage III or IV without undermining, and approxi-
mately 236.5 days for stage III or IV with under-
S 1. reported that 46.7% of

Stage III and IV pressure ulcers had wound contrac-

mining . Konya et a
tion and at the time that wound closure granulation
tissue increased from the roof of undermining and
wound contraction occurred. Although there have
been some reports in which pressure ulcers were
histologically studied™®’, there have been few studies
describing on MF in pressure ulcers, and Mori et
al®. clarified that a-SMA expressing MF were ob-
served in the wound bed, granulation tissue and the
subsequent fibrous layers of stage III and IV pressure
ulcers and also reported MF to be involved in the
contraction and healing of pressure ulcers. However,
the subjects studied by Mori et al®. mostly showed
a wound bed and wound roof in stage IIl and IV
pressure ulcers with undermining. As a result, it is
unclear whether the distribution of MF continues from
the wound roof to wound bed or not. The aim of this
study was therefore to examine the distribution of MF
in stage II and IV pressure ulcers. We have tried to
clarify the distribution of MF from the wound roof to
the wound bed while also noting that no MF were
present in stage II pressure ulcers.

Materials and Methods
1. Materials

Tissue specimens of pressure ulcers were obtained
from eight cadavers undergoing autopsy and anatomi-
cal practice from 2000 to 2004. Eight tissue speci-
mens of pressure ulcers were used; three tissues
specimens of stage II, and five tissue specimens of
stage IV with undermining. The specimens of stage
IV comprised only a small part of ulcers including
the undermining; the wound roof, transitional area and
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wound bed, and measured 2.5 cm in maximum length
and 1.5 cm in maximum width. One of the three
stage II pressure ulcers was observed in the trochanter
region, while the others were found in the sacral re-
gions. Unfortunately, we could not obtain any tissue
specimens of stage III pressure ulcers. As a result, we
must evaluate stage III pressure ulcers in a future
study.

2. Methods

The obtained tissue specimens were fixed with 10%
formalin for 12 hours, then paraffin sections, 5 #m in
thickness, were made using the normal method. The
specimens of stage IV pressure ulcers with undermin-
ing were cut in the same direction as shown in
Figure 2a for the observations of the wound roof,
transition area and wound bed in one section. Then
they were stained with Hematoxylin-Eosin (H-E).
Moreover, for the immunohistological staining of MF,
o um paraffin sections, from which the paraffin was
removed, were then washed with 0.01 M phosphate
buffer saline (pH 7.4)(PBS), blocked with internal
peroxidase using 0.03% H.0:, washed with PBS,
stained with anti-smooth muscle actin/HRP (DACO
Japan) for 60 min at room temperature, washed with
the same PBS, stained with DAB, washed with PBS,
and then were nuclear-stained with hematoxylin. For
the
(DACO Japan) was used. We observed the specimens

control, N-universal negative control-mouse
under light microscopy.

All subjects and their families gave their informed
consent to have their bodies and skin tissue speci-

mens examined after their death.

Results
1. Partial-thickness Stage II wound

The epidermis was removed from the dermis and
the superficial dermis, from the papillary layer to a
part of the reticular layer, was covered with or with-
out fibrinoid tissue (Fig. la). The superficial infiltra-
tion of lymphocytes and macrophages was observed
in all samples but dermis bleeding and edema were
found in 2 out of 3, and no normal bundles of colla-
gen fibers had formed due to the injury to collagen
fibers, and moreover, no elastic fibers were seen in
comparison to the normal dermis. In the deep dermis

sweat glands, bundles of collagen fibers, and elastic
fibers (Fig. 1b) were observed in the same manner as
for the normal dermis. Therefore, no granulation tis-
sue was observed.

The only cells expressing a-SMA were vascular
and sweat gland smooth muscle cells (Fig. 1lc). No
a-SMA-expressing fibroblasts or MF were found
even in the wound bed of the superficial dermis, al-
though many fibroblasts were present.

2. Stage IV pressure ulcers with undermining

The epidermis stopped at the wound orifice in three
subjects and was elongated over almost the entire
inner surface of the wound roof in another two sub-
jects (Fig. 2a). The wound orifice of the former was
not covered with fibrinoid tissue and this might indi-
cate that the shear force and friction may cause the
fibrinoid tissue near the wound orifice to strip. Thick
fibrinoid tissue covered the inner surface of the
wound roof, the transition area, and wound bed. In
the dermis of the wound roof a lot of inflammatory
cells as lymphocytes and macrophages were seen,
while a lot of blood vessels were observed between
the collagen bundles including fibroblasts. Underneath
the fibrinoid tissue granulation tissue was seen which
consisted of a great number of lymphocytes, macro-
phages and plasma cells, and a lot of thin blood ves-
sels containing many red blood cells of which some
were perpendicular to the surface, and collagen fibers
(Fig. 2b). Such granulation tissue corresponds to the
exudative layer™. And underneath, granulation tissue
corresponding to an exudativo-productive layer was
present, which included a smaller number of inflam-
matory cells and blood vessels but a larger number of
collagen fibers containing more fibroblasts than the
exudative layer of granulation tissue (Fig. 2¢). Next,
under the exudative-productive layer of granulation
tissue, a cicatrizing layer of granulation tissue, that is,
fibrous tissue or scar tissue was observed consisting
of a large number of collagen fibers and fewer num-
ber of fibroblasts and blood vessels than
exudative-productive layer (Fig. 2d).

In all subjects (Figs. 3a, 3b, 3¢, and 3d) a-SMA
were positive on the vascular

the

smooth muscles.
Although the quantity of MF differed among our ob-
tained samples, some MF were always observed in
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Fig. 1.

Fig. 2.

A partial thickness lesion classified as a stage I pressure ulcer: (1a) and (1b) Features of H-E staining.
(1c) Feature of a-SMA staining. Note the lack of an epidermis (E) and a superficial dermis area (arrow
heads) which is covered with or without fibrinoid tissue (F). The arrows indicate inflammatory cells. A
sweat gland (S in (1b)) is present in the dermis. No structures were stained with anti «-SMA antibody
Fxcept ;o; blood vessels (double arrows in (1c)). PL : the papillary layer of the dermis, RL : the reticular
ayer of dermis.

A full thickness lesion classified as a stage IV pressure ulcer with undermining : Features of H-E staining.
(2a) The epidermis (E) extends from the wound orifice (WO) to the inner surface of the wound roof (WR)
(arrow heads) and stops on the way. A part of the connective tissue of the transition area (TA) is ex-
posed to the undermining (U)(double arrows). The surface of the ulcer is almost completely covered with
thick fibrinod tissue or the alterative layer (A) (arrows). Granulation tissue consists of the exudative (Ex),
exudativo-productive (Ex-Pr), and cicatrizing (Ci) layers of granulation tissue in the wound bed (WB). In
Ex (2b) a lot of inflammatory cells (arrows) and blood vessels (v) are observed among the few collagen
fibers. In Ex-Pr (2¢) a few inflammatory cells (arrows) are present among increased collagen fibers and
fibroblasts (arrow heads). In Ci (2d) only a few inflammatory cells are found but a lot of collagen fibers
and fibroblasts (arrow heads) are observed.



Distribution of myofibroblasts in stage II and IV pressure ulcers

Fig. 3. A full thickness lesion classified as a stage |V pressure ulcer with undermining: Features of a-SM!/
staining. (3a) This feature closely corresponds to the feature of Fig. 2a. MF and blood vessels with a
SMA are darkly stained. Although there are fewer MF in the transition area (TA) than in the wound roo
(WR) and the wound bed (WB), it clear that MF are present in TA (Fig. 3c). Two MF bundles of WR an:
WB in TA become thinner until the edge of the photograph and the MF are as small in nhumber as th
MF in TA. It is thus not considered unsuitable to connect the distributions of MF in WR, TA, and Wi
with gap junctions between MF and fibronexuses between MF and collagen fibers”. As a result, the shap:
of the distribution of MF from WR, TA to WB develops into a J-shaped form (arrow heads). Figs. 3b, 3c
and 3d are enlarged photographs corresponding to b, ¢, and d in Fig. 3a. In Figs. 3b, 3¢, and 3d the arrov
heads indicate blood vessels stained with a-SMA and arrows indicate a cluster of MF. WO: wound ori

fice, U: undermining.

the wound roof, the transition area and the wound
bed of all stage IV pressure ulcers with undermining.

MF were present in the dermis of the wound roof
shaped like a strip parallel to the surface and this dis-
tribution of MF was found to be the same as the dis-
tribution of MF by observing a few mnon-serial
sections and thus MF most likely concentrically sur-
round the wound orifice and wound roof. In the tran-
sition area, MF sometimes gathered to form a lump.

In the wound bed a cluster of MF were distribute
parallel to the surface like a broad band. MF wer
almost situated in the exudativo-productive layer o
abundant fibroblasts
Hematoxylin-Eosin stained sections, and a few M

granulation tissue where i
were observed in the exudative and cicatrizing layer:
Like MF in the wound roof, MF in the wound be
are concentrically distributed. The cytoplasmic proc
esses of MF protruded to all directions and the lon
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Wound orifice

% % Dead space
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(a) A surface view
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Fig. 4. Drawing of the distribution and orientation of MF in a pressure ulcer with undermining. (a) A surface

view. (b) A sectional view. MF are concentrically and radially distributed in the wound roof and wound
bed on a surface view (a). MF are distributed from the wound roof, the transition area to the wound bed
in a J-shaped form on a half of a sectional view (dotted line in (b)). MF connected to each other and col-
lagen fibers {(collagen fibers are not drawn in a surface view). The arrows indicate the orientation of the
contraction of MF toward the center of the ulcer. The open arrows indicate the contractive orientation
of the wound orifice (*) and the dead space (**) in the area of undermining at the transition area in the
time of MF contraction. Next, the area of undermining and wound space gradually grows closer together.
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axis of MF were more parallel to the wound surface
than perpendicular to it (Figs. 3b, 3c, 3d). As a
result, the distribution of MF seems to be a J-shaped
form from the wound roof and the transition area to
the wound bed in the sectional plane and be concen-
tric and radial in the wound roof and bed from a
front view (Fig. 4).

Discussion

In this study MF were not observed in the wound
bed of stage II pressure ulcers. Since these ulcers are
partial-thickness wounds which occur in the papillary
layer of dermis deep, while the adnexal structures
remain in the deep dermis under the wound bed and
so no granulation tissue forms, these ulcers probably
heal by re-epithelialization alone and without wound
contraction’’. It may thus be natural that MF, which
are present in granulation tissue and are involved in

1.5)

wound contraction®®’, are not observed. On the other
hand, if the wound depth of stage II pressure ulcers
reaches the deep dermis, it may be possible that
granulation tissue will form and MF will also appear.
However, since we could not obtain such materials at
this time, we plan to elucidate this point in a future
study.

However, since the shear force and friction as well
as pressure all play roles in the formation of pressure
ulcers', the stage IT pressure ulcers investigated in
this study received both shear force and friction, thus
resulting in mechanical stretching being applied to the
collagen fibers and fibroblasts. On the other hand,
under mechanical stress, fibroblasts tend to differenti-
ate into proto-myofibroblasts and then TGF- 51
secreted by inflammatory cells influences the transi-
tion from proto-myofibroblasts to myofibroblasts® ®’.
Therefore, since stage II pressure ulcers tend to re-
ceive mechanical stress, even though they only reach
the superficial layer of dermis, it is possible that MF
can be formed. However, in this stuady no MF were
observed in any stage II pressure ulcers. The disap-
pearance of myofibroblasts after epithelialization is
completed has been well estabalished”’, and so some
interaction between epidermis and connective tissue
may have influence on the differentiation of fibro-
blasts into myofibroblasts. This also remains a ques-
tion to be clarified in future studies.

MF in the wound bed of stage IV pressure ulcers
are distributed parallel to the surface of the ulcer and
in granulation tissue and fibrous tissue thus indicating
the distribution of MF to be useful for the contraction
of the wound bed™. This also supports our finding
that a thick band of MF is present in the exudativo-
productive layer of granulation tissue and parallel to
the surface of the wound bed. To our knowledge,
however, there are no previous reports on the distri-
bution and presence of MF in the wound roof of
stage [V pressure ulcers with undermining. On the
other hand, Tanaka et al®. who made full-thickness
wounds in mice and examined the distribution of MF
during wound healing reported that when the wound
area decreased to about one third of its original size,
a bundle of MF in granulation tissue tended to con-
nect the wound ridges like a bridge and thereafter the
MF disappeared as the wound healed and left a scar
line. However, MF are observed in hypertrophic scars
after burn wound®’, human knee arthrofibrosis tissue®’,
Dupuytren's contracture®, and pulmonary fibrosis™.
In addition, they are also scattered in scar tissue in
order to contract the involved tissue and produce col-
lagen fibers. MF therefore plays a critical role in de-
creasing the area of the wound, thereby speeding up
wound closure, or forming a pathological scar.

In the present study no hypertrophic scars were ob-
served, but a band and a J-shaped distribution of MF
in stage IV pressure ulcers with undermining were
seen in a sectional view. As a result, if the ulcer
could heal, the amount of granulation tissue would
likely increase and at the same time the wound area
of the orifice and wound bed decreases due to the
contraction of MF, as Konya et al. reported? .
Moreover, it is noteworthy that we obtained subjects
with stage IV pressure ulcers with undermining who
demonstrated the wound roof and wound bed to be
connected by a transition area, and the distribution of
the MF in the wound roof and wound bed could be
observed in the same section of a pressure ulcer with
undermining, and thus we could examine the relation-
ship between the distribution of MF and the contrac-
tion of pressure ulcers with undermining. Therefore
based on the concentric and radial distribution of M}
in the wound roof and wound bed, and the distribu
tion of MF in a J-shaped form from the wound roof
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the transition area to the wound bed, and moreover,
MF connect to each other with gap junctions and an
extra cellular matrix via fibronexuses”’, the following
wound contraction mechanism is thus suggested to
contribute to the closure of pressure uicers with un-
dermining (Fig. 4). MF concentrically surrounding the
wound orifice contract to reduce the area of the
wound orifice. The contraction of a radial distribution
of MF pulls the wound bed toward the center of the
bed. MF, which are radially distributed in the wound
roof and bed, contract and thereby pull the transition
area toward the center of the pressure ulcer. The con-
traction of MF distributed in a U-shaped form in the
transition area thus gradually squeezes the dead space
of undermining. Such a contraction of MF decreases
the area of pressure ulcers and closes the undermining
of pressure ulcers as the granulation tissue prolifer-
ates.
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