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Introduction
-Inclusive of the data analysis method used
in this article-

Skin ulcers are commonly observed in Werner

Syndrome (WS). This article aims to suggest certain
guidelines for the epidemiology, diagnosis, treatment,
and prevention of ulcers in WS from a surgical
perspective.

Skin ulcer in WS is refractory and leads to reduced
quality of life (QOL) of patients. Foot ulcer in WS
requires special care, because its clinical presentation
is similar but not identical to that of ischemic limb
ulcer or diabetic ulcer, both of which have recently
increased in number. As WS is an extremely rare
disease, it is difficult to obtain adequate experience in
treating the disease in actual clinical practice. It is
also difficult to create evidence-based guidelines
derived from clinical trials participated by many
patients. Nonetheless, it is obviously necessary to
make an appropriate diagnosis and provide treatment
tailored to the skin ulcer in each WS patient.
Additionally, once an ulcer occurs in these patients, it
becomes refractory, which greatly increases the need
to take measures to prevent an ulcer before its
occurrence. Based on these observations, we believe
it would be beneficial for WS patients to provide
certain guidelines and views on the diagnosis,
treatment, and prevention of skin ulcers in WS by
collecting case reports including ours. This article
also deals with elbow ulcers, which occur commonly

in WS as well as lower limb ulcers.

Literature

Most studies on WS are case reports, with a few
case series. This article was created based on the
literature from 1996, when WRN was identified as a
gene responsible for WS, to extract many authentic
clinical cases in which patients were genetically
diagnosed.

There were 63 WS patients in the Japanese reports

searched on Medical Online from January 1996 to



December 2017. We had 56 WS patients in English
reports written by Japanese authors retrieved from
PubMed during the same period. Both reports were
used in this article. These Japanese reports, however,
include abstracts of conference presentations as well,
and thus some cases may be overlapped. Similarly,
cases reported in Japanese may also be overlapped

with those in English.

I. Overview of skin ulcers

Q What is the complication rate of skin ulcers in
patients with WS?
A. Approximately 40% of WS patients are

complicated by skin ulcers.

WS is a very rare disease, and thus it is difficult to
accurately obtain the morbidity and prevalence of
skin ulcers in WS patients. Records on skin ulcers
were found in 27 (43%) out of 63 patients and 22
(40%) out of 56 patients from the Japanese and
English reports, respectively (Table 1). Occurrence of
ulcers was often reported at the olecranon of the
elbow joint in the upper limbs, whereas they were
observed at site below the distal one-third of the
lower legs in lower limbs in many cases. Some
reports have indicated ulcers in the extensor surfaces

of knee joints as well.

Q. Which part of the lower limb is typically affected
in WS patients?

A. The distal one-third of the lower limb and the foot
are typically affected

WS patients often have thin lower limbs and dry

skin. Poikiloderma and scleroderma-like changes
occur particularly in the foot, intensively in the distal
one-third of the lower legs (Figure 1). Hereafter, the
distal one-third of the lower legs and the foot will be
discussed. The skin is often poorly-extensible and
shiny. Contracture of ankle often limits the range of
motion with less pes equinus position. Flat foot has
been known to be one of the typical symptoms in WS.
Flame-like calcification in Achilles tendon shown in
radiographs is a typical symptom in WS, and skin
ulcers are sometimes observed there. Additionally,
WS may be associated with lateral and medial
malleoli on the ankle and multiple ulcers in the leg.
Callosities are also frequently observed. Even on an
ulcer-free foot in relatively good condition, a
callosity is often found when observed. Toe
deformities frequently occur and sometimes progress

rapidly.

Q. What are the underlying diseases that can cause

lower limb ulcers?

A. Glucose metabolism disorders are present in many
cases.

The incidence of carbohydrate metabolism
disorders in WS patients was high at 43% and 39% in
the Japanese and English reports, respectively (Table
2).In contrast, hypertension was not necessarily
found in many cases. Lower limb ischemia was not
observed in many WS cases, either. Attention is
required because the clinical presentation of a foot
ulcer in WS is partly similar to but not necessarily
identical to that in diabetes and hypertension that
have been increasing in number recently.
Furthermore, scleroderma-like changes and foot

deformity are non-negligible factors that contribute to



foot ulcer development in WS.

Q. Are there ulcers associated with malignancy?

A. Yes, such ulcers are occasionally seen.

Malignancy has been known to occur at a high rate
from a young age in WS. The incidence of a
non-epithelial tumor in WS patients has also been
reported to be higher than that in the healthy
population. As to the association with skin ulcers, a
study reported that calcaneal osteosarcoma was
observed in a patient with a heel ulcer[1]. A
possibility of malignancy should be considered in

skin ulcers of WS patients.

Q. Are callosities frequently observed?

A. Yes, they are frequently observed.

A callosity appears in the foot of WS patients at a
high rate. There were records on callosities in 8
patients from the Japanese reports and 9 patients
from the English reports. It brings pain and decreases
QOL, and an ulcer may occur at a site of a callosity.
Moreover, pain caused by a callosity worsens gait,
which contributes to an increased load on the other
sites, leading to potential development of a new
callosity or an ulcer. Accordingly, a callosity in WS is
an important therapeutic target from a viewpoint of
prevention from ulcers that can occur in the future.

WS is characterized by the hardened and quite
Additionally,

toe deformity,

poorly-extensible  skin. symptoms

including flat foot, and ankle
contracture may progress. Such conditions are
considered to cause callosities at a high rate in WS.

As mentioned above, a callosity sometimes

becomes the origin of a skin ulcer. Thus, for WS
patients who have only a callosity without a skin
ulcer, particularly intensive and appropriate
prevention is would be necessary, considering the risk
of developing an ulcer. Such cases have been shown
in two patients from the Japanese reports and five
from the English reports. The following are the
reasons why interventions to prevent or treat a
callosity in ulcer-free WS patients are important: (1)
many patients do not take preventive measures
including use of a foot orthosis and shoe orthosis
because they have never developed any ulcer or
experienced any refractory ulcer and (2) patients at
the stage of mild symptoms are quite active, which
results in high pressure to be applied on a callosity
for a long period of time. In our patient, a load on a
callosity on the heel ruptured the calcaneal bony
cortex, leading to possible calcaneal bone
osteomyelitis (Figure 2). Although this patient had
of WS

poikiloderma, scleroderma-like skin changes, and

presented changes typical including
ankle contracture from the distal one-third of the
lower legs to the foot, the skins in the lower legs and
feet had been in relatively good condition. The causes
of a heel ulcer were considered to include failure to
treat a callosity on the heel, the use of commercial
shoes, and repeated and continuous pressure applied
to a callosity on the heel due to the patient’s high
activity levels.

These observations demonstrate that a callosity is a
prodrome of skin ulcers in WS. Interventions for a
callosity may prevent severe and difficult-to-treat

symptoms such as skin ulcers and osteomyelitis.

I1. Diagnosis



Q. Are macroscopic evaluations of ulcers
important?

A. Yes, they are important.

As macroscopic findings, records on sites and
characters of ulcers are important. It is useful to keep
records  with the items included in
DESIGN-R®(edited by the Japanese Society of
Pressure Ulcers)[2] in mind, which helps to reduce
the number of omissions. DESIGN-R® is the criteria
for evaluating pressure ulcers, yet it can also be used
to assess ulcers other than pressure ulcers. The

evaluation items are as shown below:

Depth
9.  Amount of exudate
10. Size

11. Inflammation/infection

12. Granulation tissue

13. Necrotic tissue

14. Pocket
DESIGN-R is a detailed evaluation method, and it
can be utilized for therapeutic effect determination
and assessment of time-dependent changes. Its
negative side includes slightly cumbersome records.
The following are points that are considered
important in the assessment for ulcers in WS:

8. Depth of an ulcer: An ulcer in WS easily
reaches the bone or the articular cavity. It
is necessary to consider possibilities of
osteomyelitis in case of an ulcer

rupturing and reaching into the bone

marrow, osteomyelitis and of purulent
arthritis in case of an ulcer reaching the
articular cavity.

9. Amount of exudate: In cases of purulent

exudate, a possibility of osteomyelitis or

purulent arthritis should be considered.
10. Size:
condition of an ulcer and the therapeutic

Important to determine the
effects

11. Inflammation/infection: It is important to
identify where the focus of infection is,
that is, any one of a skin and soft tissue,
bone marrow, or articular cavity.

12. Granulation tissue: Generally,

granulation tissue is poorly formed at the

site of an ulcer in WS. In cases with

poorly formed granulation tissue, it is

necessary to investigate the cause, which

may include poor blood flow, infection,

and necrotic tissue, and provide
treatments to eliminate these conditions.

13. Necrotic tissue: The following should be
determined: what the necrotic tissue is,
and the depth and range of the necrotic
tissue.

14. Pocket: In not many of WS patients,
formation of a pocket in a foot ulcer

becomes a problem.

Q. Are plain radiography and CT of the foot region

useful?

A. A plain radiography and CT are helpful to examine
the shape of the whole foot and conditions of

individual bones consisting of the foot.

It is important to understand time-dependent changes
because the shape of the foot region and the state of
each bone may change rapidly in WS.

Q. Is an MRI examination useful?

A. An MRI examination is useful for a suspected case



of osteomyelitis (Figure 2).

Q. Is vascular evaluation necessary?

A. Yes, it is necessary.

In cases of lower limb ischemia, it is necessary to
examine whether revascularization is possible. Lower
limb ischemia should be considered in a patient with
a history of hypertension or diabetes, cold feet, or
non-palpable dorsalis pedis and posterior tibial pulses,
a possibility of. There were suspected cases of lower
limb ischemia in one patient from the Japanese report
and two from the English. One of these patients
reportedly underwent revascularization in a
femoropopliteal artery bypass operation using a

saphenous vein [3].

I11. Treatment

Q. Is the combination of surgical treatment and
wound bed preparation important in treating skin

ulcers?

A. Yes, it is important to combine these treatments.

A skin ulcer in WS is generally intractable. Even if
a wound is finally closed through surgical treatments
including skin grafting and skin flap grafting,
preparation before a wound closure would greatly
influence the outcome of surgery. By adopting a
recently advanced technique for wound healing, there
has been a rise in the number of cases of ulcers which
had so far difficulty in healing and those requiring
major operations that could be closed with minimally
invasive surgery. Such an attempt to improve a

condition of an ulcer in the preoperative step is called

as wound bed preparation, the importance of which
has been increasing. This section discusses a process
from wound bed preparation to operation in WS

patients by incorporating our own experience.

H) Debridement and curettage: In treatment
and control of skin ulcers, removal of
necrotic tissue and cleaning of the wounded
surface are important. Thus, daily cleaning
of wounded surface by patients themselves
is extremely necessary. At the same time,
curettage and surgical debridement are

desirable every time they visit medical

institutions.
For obviously infected wounds,

incisional drainage or debridement should

be immediately performed. Lately, a

condition where an ulcer site had no

obvious symptoms of infection yet had
increased bacterial volume has been called
critical colonization and attracted attention.

The critically colonized bacterial mass

forms a biofilm of glycocalyx, etc., makes

host immunity and external medicine work
poorly, and inhibits wound healing. A soft

yellow to white colored tissue attached on a

surface of an ulcer (sometimes called a

slough) may include a biofilm, which is a

finding suggestive of critical colonization.

Additionally, NERDS has also been

reported as clinical findings suggestive of

critical colonization [4] (Table 3). Itis
considered effective as a countermeasure

against critical colonization to remove a

soft yellow colored to white colored tissue

attached on a bottom of an ulcer using a

sharp spoon, etc., when the ulcer in WS is



examined, because this procedure removes
a biofilm and reduces bacterial volume. )]

Debridement is useful from the
perspective of diagnosis because the range
and depth of an ulcer can be determined.
During the procedure, it is also important to
collect samples for bacterial cultivation
from wounded surface, necrotic tissue, or
pus. Some ulcers reach into the bone
marrow, by which osteomyelitis may be
found in the process of debridement. In
such case, pus for bacterial cultivation from
the bone marrow should be obtained.

Pain is the most problematic in
performing debridement for WS patients.
They develop carbohydrate metabolism
disorders at a high rate yet suffer less
perceptual decline than is observed in
patients with diabetic ulcers and rather
experience stronger pain than do healthy
people during the procedure. This often
makes debridement under non-anesthesia
difficult. In case of local infiltration J)
anesthetic injection, hardening of tissue
makes pain caused by injection strong and
prevents injected anesthetic agent from
penetrating into tissue, leading to a different
range that anesthetic injection can cover
and a poor analgesic effect compared with
other patients. One of measures may
include block injection to sites with soft
skin away from an ulcer such as the center
of the lower thigh (Figure 3). In any case,
the significance and necessity of
debridement in WS should be explained to
patients, followed by adequate preparations
before applying this procedure.

Topical medication: It is important to use an
appropriate topical medication tailored to
the condition of an ulcer. The basic idea of
moist wound healing in ulcer treatment is to
maintain a proper moist environment and
facilitate wound healing. However, ulcers in
WS rarely heal only with drugs that directly
promote a moist environment and wound
ointment,

healing (Vaseline

prostaglandin-containing  ointment, and
basic fibroblast growth factor [bFGF] spray,
etc.). Critical colonization of bacteria is
often addressed with iodine preparation or
silver  preparation.  Heavy  exudate
exceeding the range of moist wound healing
inhibits thus

preparations made of water-absorbing base

wound  healing, and

(cadexomer iodine  preparation, and
iodine-sucrose preparation) are often used

to absorb exudate.

Washing: Washing a wounded surface is
thought to be effective. There have been not
many evidences to prove the effectiveness
of washing, but a clinical consensus about
its efficacy is considered to have been
reached. Wound irrigation with a shower by
a patient as self-care is one of the personal
hygiene measures that are desirable.
Accordingly, prohibition of washing the
foot with a shower should be avoided just
by reason of an ulcer despite of lack of any
particular reason to control a wound.

On the other hand, the following risks
caused by washing should be recognized:

(1) multiple-drug-resistant bacteria in the



K)

environment are attached on a wounded
surface and (2) multiple-drug-resistant
bacteria on a wounded surface may spread
into the environment.

Water-related equipment (water faucets,
showerheads, bathtubs, perineal irrigation
bottles, etc.) may be contaminated by
various bacteria in medical institutions.
Wound irrigation is likely to splatter
contamination into the environment. In light
of the above risks in (1) and (2), a wound is
required to be irrigated according to the
standard preventive measures.

Negative pressure wound therapy (NPWT):
NPWT is a treatment procedure for
refractory ulcers that has rapidly spread in
recent years. It promotes neovascularization
and granulation by continuous negative
pressure and facilitates ulcer healing by
controlling exudate. It showed a certain
level of effectiveness in our own cases
(Figure 3) and is thought to be a significant
therapeutic method that should be
proactively employed in the future. General
precautions for NPWT include (1) not using
for infected wounds and (2) attention to
skin diseases around ulcers, which should
also be followed accordingly in WS. Skin
ulcers associated with purulent arthritis
frequently occur in WS. Infected ulcers are
not an indication for NPWT monotherapy,
but a combination with continuous
irrigation may be effective.

Attentions especially required when
administering NPWT for the foot in WS
include tissue being severely indurated and

skin and soft tissue being thin and close to
the bone, leading to the likelihood of
developing skin and soft tissue disorders by
pressure from a foam agent. A foam agent
should be cut into an appropriate width and
thickness for effective use.

L) Surgical procedure:

a Attachment of artificial dermis: The
skin and soft tissue in WS becomes thin
and indurated, which is likely to cause
loss of all layers on the bone and
tendon. Artificial dermis is essential to
treat foot ulcers in WS (Figure 3). In
WS, the bony cortex is often ruptured,
leading to exposure of the bone marrow,
but artificial dermis can be also
attached on the exposed bone marrow.
Dermis-like tissue is constructed on a
surface of the exposed bone marrow,
thereby preventing osteomyelitis and
enabling epidermization.

b Skin grafting: Many skin ulcers in WS
previously had been accompanied with
bone exposure at the levels of losing
periosteum and aponeurosis and hard to
be applied to skin grafting. However,
the advent of artificial dermis, bFGF
preparation, and NPWT has raised the
number of cases capable of creating a
base bed for skin grafting for ulcers in
WS, accompanied by which, patients
undergoing skin grafting may be on the
increase. Descriptions on skin grafting
were found in one case from the
Japanese report and two cases from the
English reports. Figure 3 shows our



cases Wwhere skin grafting was
performed on lateral malleolus in the
ankle, etc.

Flap surgery: With or without WS, the
percentage of comparatively major
surgeries such as flap surgery has
decreased in treatment of intractable
ulcers, and their roles have been
relatively declining. This is because the
progress of drugs including topical
medication and bFGF preparation, the
advent of artificial dermis which has
made skin grafting possible even in
situations previously thoroughly
incapable of skin grafting, and a
powerful granulating effect and an
effect to reduce ulcers by NPWT. On
the other hand, the advantages of flap
grafting are that it can close ulcers that
could not be closed by the other
therapeutic procedures, ulcers can be
closed using good thick skin and soft
tissue, and the treatment period is
shortened.

(1) Elbow ulcers: The olecranon bone is
curved eminence, highly flexible
soft tissue is required because of
elbow flexion-extension movements,
and furthermore the articular cavity
is often exposed in elbow ulcers of
WS patients. For these reasons, flap
surgery may be appropriate in many
cases rather than skin grafting. As to
flap surger for elbow ulcers, there
have been reports on the use of
radial recurrent flap[5], flexor carpi

ulnaris muscle flap [6], and radial

forearm flap [7]. Other than those
above, skin grafting [8] and partial
ostectomy [9] have been reported.

(2) Knee ulcers: Flap grafting is highly

applicable to ulcers with a knee-joint
cavity being exposed. There are
reports on cases of anterior tibial
artery flap, sartorius muscle flap,
and free latissimus dorsi

myocutaneous flap [10, 11].

(3) Heel ulcers: A free serratus anterior

muscle flap has been reported for a
heel ulcer  associated  with

osteomyelitis [12].

(4) Ulcers in the Achilles tendon:

Calcification with a flame-like shape
in the Achilles tendon observed in
radiographs is a characteristic
finding of WS.

calcification often causes ulcers in

Infection of

the Achilles tendon. It has been
reported to be treated with the lateral
supramalleolar flap [13].

d Amputation: Amputation of affected

parts cannot be avoided in some
refractory ulcers. Records on
amputation were found in one case each
of the foot and the toe from the
Japanese reports and one case below
the knee and another case of the toe
from the English reports. A case of
below-knee amputation caused by
calcaneal osteosarcoma has also been
reported [1].

F) Others

a

Hyperbaric

oxygen therapy: The



hyperbaric oxygen therapy for calcaneal
ulcers accompanied with calcaneal
osteomyelitis has been reported [14].

b Lumbar sympathetic ganglion block:
There are reports on the lumbar
sympathetic ganglion block for foot
ulcers and pain [15, 16].

G) Skin care

a Moisture retention: In WS, skin dryness is
frequently observed, especially in the lower leg
and foot. It may become factors predisposing to
callosities and exacerbating skin ulcers.

Desquamation or rash caused by cutaneous
dryness is considered to induce contamination in
surgical wounds and inhibit wound healing.

Application of a moisturizer may be effective.

Q. Is the management for a callosities necessary?

A. Yes, it is necessary.

A callosity occurs in the foot in WS at a high rate
(Figure 1B) and may induce skin ulcers, rupture of
the bony cortex in the calcaneal bone, and
osteomyelitis (Figure 2). Once an ulcer or
osteomyelitis occurs in WS, it may become quite
intractable, and thus preventive measures against
such symptoms are desirably taken at the stage of a
callosity. As such, proactive intervention for
callosities is thought to be significant.

C) Prevention against callosities: A callosity
occurs by applying excessive pressure for a
long time. It is important to avoid excess
pressure on the feet to prevent callosity
formation.

(77) Use of an appropriate foot orthosis or

shoe-shaped orthosis: A foot orthosis
or shoe-shaped orthosis tailored to
each patient’s foot may prevent a
callosity and an ulcer. An article have
reported a foot orthosis and a
shoe-shaped orthosis used for two WS
patients [17]. According to the report,
it was challenging to make orthoses for
both cases yet one patient was satisfied
with it. In our cases, shoe-shaped
orthoses have been proactively made
(Figure 4). There are outdoor type
shoes and indoor type shoes, which are
made according to the lifestyle of each
patient by a prosthetist. These shoes
are more comfortable than commercial
shoes made for healthy people and
relieve pain. We are currently
examining the effects of these orthoses
in preventing callosities and ulcers. As
a problem, a toe deformity may
progress rapidly in WS, which often
renders a prepared orthosis unfit after a
brief period.

D) Treatment of a callosity: Proactive

treatment of a callosity is desirable in WS.

With attention to the fact that a callosity

recurs unless continuously  excessive

pressure on it, the cause, is eliminated,
treatment should be continued. The specific
methods include:

(77) Shaving of a callosity: capable of
reducing the thickness of a callosity
with a razor and smoothing a shape of
a callosity. These make possible to
prevent extremely heavy pressure from



being applied to the narrow range of
the skin.

(1) Attachment  of
preparation: capable of macerating

salicylic acid

keratin and manually exfoliating it.

References

1

Nakamura, Y., et al., Triple primary sarcoma in
Werner syndrome with a novel mutation.
Rheumatology (Oxford), 2003. 42(6): p.
798-800.

— AL A N H A PRIE 2. DESIGN-R.
[cited 2018 Jan, 11];
http://www.jspu.org/jpn/info/design.html.

Available from:

Akiyama, K., et al., Revascularization of
femoropopliteal artery occlusion in Werner's
syndrome. Report of a case and review of
surgical literature in cardiovascular lesions. J
Cardiovasc Surg (Torino), 2000. 41(2): p.
303-6.

Woo, K.Y. and R.G. Sibbald, A cross-sectional
validation study of using NERDS and
STONEES to assess bacterial burden. Ostomy
Wound Manage, 2009. 55(8): p. 40-8.

MR, 2. and . JORT, Werner JEEEEEZ D
HrE I A9 5 radial recurrent flap @
ek A IB2ibEk, 2009.

LR, 3., et al., A OLEEIEN TSI
F G0 L7z Werner JERHED G FE. (LA
%%, 2003. 52(1~2): p. 36-37.

KB, <., etal., Werner JEMRHFIZ L S/ DFE
JEEE TG TETEB X T3 BT 77 D 1 B,
AbHEE R S E VR MRS, 2001, 43(1):
p. 24-27.

H5F, #%., et al, WRN &/ /12 oA~ 7
72 BEGNM RS & [A]GE L 7= \Nerner JEEEED 1

10.

11.

12.

13.

14.

15.

16.

17.

Al BARNF MRS, 2011, 100(6): p.
1642-1644.

Fkot, B and E01. Vex R, FEXTERBIEIN
[71& - 7 \erner JEE#ED I 75 4. RALEE
58 EARBH RO EL, 1999, 43(1): p. 175.

BN, 2., et al, FHEAEHREITFBREIC L
S JF BT 5 JE5 LS R X 18 O 78 AR R,
Fndk L, 2008. 59(4): p. 134-138.
Taniguchi, Y. and T. Tamaki, Reconstruction of
intractable ulcer of the knee joint in Werner's
syndrome  with  free latissimus  dorsi
myocutaneous flap. J Reconstr Microsurg,
1998. 14(8): p. 555-8.

EiR, Vb, et al., WS 4o EHEHEED 1
#1. Skin Surgery, 2015. 24(1): p. 45.

Okazaki, M., K. Ueda, and K. Kuriki, Lateral
supramalleolar flap for heel coverage in a
patient with Werner's syndrome. Ann Plast
Surg, 1998. 41(3): p. 307-10.

Yamamoto, K., et al., A report of two cases of
Werner's syndrome and review of the literature.
J Orthop Surg (Hong Kong), 2003. 11(2): p.
224-33.

TN, ., et al, WS DBEHIE FIRIEEHZNE
PSSR FERER 7 12 2> 2 D3ZI R & 7R 60 75—,
HARANA 7 Y = 725456, 2014, 21(2):
p. 164-165.

VERR, #2., et al., JEZSAIEMFRET 7 = > 2
PEZLEWS D1 Fl ARXA 7 ) =
v 7 x5 2001, 8(2): p. 96-98.

gk, #. and 2. KW§, H77hEZa Lart
L 7= Werner ZEMEHE2 PIICDO0 T U e
T — 3 VE, 2000. 37(3): p. 180.

Table 1. Number of reported skin ulcers by body part



in Werner syndrome

Table 3. Signs suggestive of critical colonization*

English terms

Meaning

Body part No. of cases in  No. of cases in
the Japanese the English
reports reports
(n=63) (n =56)
Elbow 11 (17%) 1 (2%)
Knee 1 (2%) 2 (4%)
Lower leg 2 (3%) 4 (7%)
Achilles 4 (6%) 5 (9%)
tendon
Medial and 2 (3%) 6 (11%)
lateral malleoli
in the ankle
Sole 4 (4%) 3 (5%)
Heel 6 (10%) 4 (7%)
Toe 4 (6%) 3 (5%)
Foot 1 (2%) 1 (2%)

N: Non

wounds

healing

E: Exudative wounds
R: Red and bleeding
wound surface and
granulation tissue

D: Debris

S: Smell or
unpleasant odor

Treatment-resistant ulcers

Heavy effusion

Red granulation tissue
with bleeding
Existence of  necrotic
tissue, etc.
Odious smell

Table 2. Underlying diseases that can cause a lower

extremity ulcer

Japanese English
reports reports
(n=63) (n =56)
Carbohydrate 27 (43%) 22 (39%)
metabolism
disorders
Hypertension 3 (5%) 1 (2%)
Lower limb 1 (2%) 2 (4%)

ischemia

* Signs suggestive of critical colonization are

termed NERDS, an acronym of the terms shown in

the above list (quoted from Reference [4]).



Figure 1. (A) Typical images of lower limbs in

Werner syndrome. Significant hardening and atrophy
of the skin and soft tissue are observed below the
distal one-third of the lower extremities. (B) The foot
is in relatively good condition without ulcers yet with

a callosity on the heel region.

Figure 2. A case of a calcaneal callosity developing
into possible calcaneal bone osteomyelitis

(Top) The skin is generally in good condition from
the distal one-third of the lower extremities to the
foot region.

(Center) Pus from the ulcer on the heel region
(Bottom) Sagittal section of the foot MRI. The
fat-suppressed T2-weighted image shows high signal



intensity in the calcaneal bone marrow, which reflects

osteomyelitis.
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Figure 3. (A) Ulcers are observed on the lateral
malleolus in the ankle and the lateral aspect of the
foot. (B)

administered on a site with the soft skin slightly distal

Post-debridement.  Anesthesia s
from the center of the lower limb for a sural nerve
block. The ulcer on the lateral malleolus reaches into
the bone marrow, and the ulcer on the lateral aspect
of the foot to the fifth metatarsal bone. (C) After
artificial dermis was attached on the ulcers, the
negative pressure wound therapy (NPWT) started.
(D) Post-NPWT. The granulated and reduced-size

ulcers are observed. They were determined applicable

to skin grafting, and split-thickness skin grafts for
meshing was performed. (E) Post-skin grafting.
Successful  engraftment
and ulcer closure are

confirmed.




