
INTRODUCTION
If one is asked to visualise a ’typical leprosy
patient’, it is almost certain that the imagined
figure will be a beggar, having a deformed
hand – most probably crooked and shortened
fingers – and a bandaged foot. This shows the
extent leprosy is identified in the mind of the
public with dehabilitation, deformity and
ulcers. Despite the fact that hardly 10% of lep-
rosy-affected persons have ulcers at any one
time, one cannot imagine a leprosy patient
without them. Of the two, deformities and
ulcers, the latter, especially ulcers in the feet,
are of the greatest importance because
impaired mobility is a very serious ‘handicap’
for leading a normal life in society. In addition,
frequent episodes of acute infection may inter-
fere with work and smelling ulcers make the
affected person an object fit for ostracisation.
Ultimately, the patient may end up as a
‘scarred’ individual with mutilated or ampu-
tated feet, an object of pity dependent on others
both physically and economically. Ulceration of
the feet is the single most common cause of
morbidity and dehabilitation of leprosy-affect-
ed persons. In view of this, it should be evident
that any worthwhile leprosy project must have
a planned programme for managing, i.e., treat-
ing and preventing, ulcers in leprosy-affected
persons. The fact that most leprosy projects do
not have such a programme only exposes their
lopsided priorities, dictated more by preoccu-
pation with ‘public health’ than concern for
patients’ welfare. 

Different kinds of Ulcers
Leprosy-affected persons develop ulcers for a
variety of reasons and the characteristics of the
ulcers such as their location and clinical fea-
tures vary accordingly. Broadly speaking, the
ulcers may be classified into two groups, based
on whether pre-existing nerve damage is a pre-
disposing cause, as ‘neuropathic’ and ’non-
neuropathic’ ulcers. Unlike non-neuropathic
ulcers, which may occur anywhere in the body,
neuropathic ulcers occur only in sites having
partial or total sensory nerve function deficit,
which also come into physical contact with the
external world. Neuropathic ulcers are thus
mostly found on the soles of the feet.
Accordingly, they can be classified as ‘plantar’
or ‘extra-plantar’ ulcers. Non-neuropathic
ulcers may be “specific” or “non-specific”
depending on whether ulceration was part of
the disease process (Fig. 15-1). Of the different
types of ulcers, neuropathic plantar ulcers are
the most important clinically. They will be dis-
cussed in greater detail in this chapter.

Non-neuropathic Ulcers
The non-neuropathic ulcers group, as the name
implies, are not due to nerve function impair-
ment. They may be divided into specific or
non-specific depending on the aetiology.
Specific ulcers occur as part of the disease pro-
cess and clinical picture of leprosy. Non-specif-
ic ulcers are not related to leprosy pathology.
The non-specific ulcers in leprosy-affected per-
sons are usually stasis ulcers. 
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Specific Ulcers
Specific ulcers occur in the tissue background
of leprous pathology. Specific ulcers are of two
types: leprous or reactional. The former are
seen in advanced cases of lepromatous leprosy
while the latter are found in association with
severe leprosy reaction, usually Erythema
Nodosum Leprosum (ENL).

Leprous ulcers occur because of skin break-
down over rapidly expanding lepromatous
nodules. They are seen in patients with untreat-
ed, advanced, lepromatous leprosy. They are
now uncommon indicating early case detection
and good patient coverage under national lep-
rosy programmes. Leprous ulcers are found in
sites of heavy infiltration and nodulation such
as the face, elbows, dorsum of hands, and
inside of the nose. The ulcers occur because the
stretched skin over the nodule gives way
exposing the leprous granuloma underneath,
which appears as pale granulation in the floor
of the ulcer. The ulcer discharge is heavily
laden with leprosy bacilli. These ulcers will
heal rapidly once multidrug therapy is started.
The ulcers need to be kept clean and covered
with a bland dressing. There is no evidence to
suggest that topical use of anti-leprosy drugs

like rifampicin or dapsone is necessary for
healing these ulcers.

Reactional ulcers occur as part of the clinical
picture of severe lepra reaction, usually ENL
but sometimes reversal reaction (RR). The ENL
lesions develop into vesicles and pustules, or
intense inflammation in coalesced ENL lesions
or erythema multiforme-like lesions develop
into large blisters that break open to expose
large raw areas. In other cases of severe reac-
tion, because of the intensity of inflammation,
which in very severe cases may be compound-
ed by arteriitis, there is tissue necrosis and
breakdown, resulting in ulceration. Reactional
ulcers are mainly seen on the extensor surfaces
of the limbs and trunk. As they are part of the
reactional process, aggressive treatment of the
reaction with sufficiently high doses of steroids
and adequate supportive therapy are needed
for healing. Keeping the ulcer clean and cover-
ing them with a bland dressing is sufficient. 

Like leprous ulcers, reactional ulcers are
usually superficial, often in the level of epider-
mis, with scarring only of the skin. Often the
scars are hyperpigmented, occasionally vitiligi-
nous. Ulcers on the fingers, especially over the
proximal interphalangeal joints, may some-
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FIGURE 15.1  Ulcers in leprosy affected persons.



times pose difficult therapeutic problems. In
cases of severe reaction, there may be necrosis
of the full thickness of the skin overlying the
joint. In such cases, there is a great danger of
the finger becoming stiff in a straight or flexed
position. In such cases, the fingers need to be
splinted in the functional position so that if
they become stiff, they would still be of some
use. Treatment of reactional ulcers involving
the hand may pose problems to the therapist
for, in order to achieve early resolution of
inflammation the part needs to be rested,
whereas the hand has to be kept mobile to pre-
vent it becoming stiff.  In severe cases, there is
also a danger of necrosis of the tissue overlying
the joint, due to associated arteriitis. That
would expose the joint to secondary infection.
These possibilities must be anticipated and
treatment of high quality under the daily guid-
ance of an experienced physiotherapist or tech-
nician is needed to prevent such outcomes. 

Non-specific Ulcers
The most common chronic, non-neuropathic,
non-specific ulcers are those similar in appear-
ance to stasis ulcers. These ulcers are usually
seen in middle aged or elderly persons, treated
earlier for long-standing lepromatous leprosy.
The ulcer, often located in front of the ankle
and extending up the leg, is usually quite large.
It occurs on the background of pachyderma-
tous skin that may also exhibit varicose
changes. The skin of the lower leg may be
atrophic, thin and shiny. The ulcer frequently
extends over the region of the medial or lateral
malleolus. There is usually a history of some
trivial injury preceding ulceration and the ulcer
progressively enlarging instead of healing until
it has attained the present large size.

The floor of the ulcer is sclerotic and cov-
ered with thin, pale granulation that may be
easily scraped off without causing much bleed-
ing. There is copious serous or sero-sanguinous
discharge oozing from the ulcer, which is usu-

ally not positive for acid-fast bacilli. The bed of
the ulcer is densely scarred and feels hard. A
vitiligenous area indicating the past extent of
ulceration often surrounds the ulcerated area.
In their location, appearance and clinical
behaviour these ulcers resemble the stasis
ulcers seen in persons with incompetent
venous valves or blocked lymphatics due to
frequent attacks of lymphangitis and conse-
quent blood or lymphatic stasis. No informa-
tion is available in the published literature to
show whether vascular or lymph stasis is actu-
ally present in these cases and, if so, their aeti-
ology.

These ulcers are very refractory to treat-
ment, healing is very tardy, tentative and often
temporary. Skin grafts, even split-thickness
grafts, often fail to take. Clinical experience
suggests that keeping the ulcer clinically and
bacteriologically clean and using occlusive,
compression dressing coupled with exercises to
improve drainage of blood and tissue fluid
from the lower limb might assist healing.
However, none of these treatments have been
well studied.

NEUROPATHIC ULCERS

Neuropathic ulcers occur in a part of the body
as sequelae of a pre-existing sensory deficit.
These ulcers are found in those denervated
parts of the body which come into contact with
the external world. That happens because den-
ervation has made the part vulnerable to the
events and stresses that occur at that interface,
initially at the time of their occurrence or sub-
sequently. The foot is constantly in contact with
the ground carrying the weight of the body in
the course of its activities like walking and run-
ning. The soles of the feet are, therefore, the
most frequent sites to develop neuropathic
ulcers and these ulcers are known as ‘(neuro-
pathic) plantar ulcers’. These ulcers cause max-
imum discomfort to the patients and in view of
their importance they are discussed in some
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detail below. Ulcers occurring in other dener-
vated sites, such as the dorsum and lateral
malleolar region of the foot and the hands are
described under ‘(neuropathic) extra-plantar
ulcers’. Neuropathic plantar ulcers are usually
referred to simply as ‘plantar ulcers’. They are
also commonly known as ‘trophic ulcers’ and
less commonly as ‘perforating ulcers’, ‘pene-
trating ulcers’, or ‘mal perforans’. 

Concepts of Causation of Plantar Ulcers: A
Historical Review
It is worth recapitulating briefly the evolution
of our concepts of the causation of plantar
ulcers since all of them still persist to a varying
extent, among the affected persons and health
workers alike, thereby impacting treatment
and outcome, sometimes adversely.

Leprosy is the cause
Till about the last decade of the 19th century it
was the general belief that leprosy “devital-
ized” tissues, depriving them of their ability to
survive and withstand stresses. It was believed
that tissues rotted and dropped off (e.g., short-
ening of fingers and toes). The additional stress
of carrying the body weight and the resulting
pressure caused the “devitalized” bones and
other tissues of the foot to undergo necrosis.
Ulceration was seen as the means by which the
body attempted to get rid of the dead tissue.
Finding pieces of dead bone in the depths of
these ulcers coupled with the observation that
removal of those pieces and resting the foot
usually healed the ulcer were considered as
providing proof of this view.17 Thus, leprosy
was considered to be directly responsible for
these ulcers. For that reason, these ulcers were
considered highly infectious and thought to be
a serious way the disease spread in the com-
munity. Many lay people and even some lep-
rosy workers still subscribe to this view. Hence,
the advocacy and use of topical anti-leprosy
drugs, ranging from hydnocarpus oil to

rifampicin, by some people even today for
healing these ulcers.

Neuropathy is the cause
By the last few decades of the 19th century it
had been established that the nervous system
controlled the functioning of most if not all of
the organs of the body. It was then postulated
that there ought to be ‘trophic’ nerves that reg-
ulated cell metabolism in order to maintain the
integrity of cells and tissues against ‘wear and
tear’. In patients with leprosy and other neu-
ropathies it was presumed that the ‘trophic
nerves’ would also be damaged in due course,
and that this would cause ‘devitalization’ of
cells, tissues and organs. Thus denervation and
particularly damage to the hypothetical
“trophic nerves” was presumed to be the pri-
mary cause of ‘devitalization’ of tissues which
then broke down under conditions of normal
use or abnormal stress. These ulcers were
therefore called ‘trophic ulcers’, a term that is
still in use widely. 

Trauma is the cause
According to this line of thinking unperceived
injuries to the foot and neglect of those injuries
were considered to lead to the formation and
maintenance of ulcers. Both lack of perception
of the injury initially and neglect of the injured
part subsequently were explained as being due
to insensitivity and consequent lack of feeling
of pain, because of damage to the peripheral
nerves. The fact that these ulcers always
occurred in feet with loss of protective sensa-
tion, and the not infrequent finding in their
depths of foreign bodies like stones, were taken
as proof for this view. This situation continued
till the middle of the 20th century.

Ischemia is the cause
Around 1950, Paul Brand and a band of young
orthopaedic surgeons under his leadership
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started taking interest in the problems of lep-
rosy-affected persons. They were struck by the
that fact there was great damage to deeper tis-
sues and that the ulcers occurred almost exclu-
sively in the weight-bearing areas. This sug-
gested that these ulcers might be pressure
sores, somewhat like bedsores. Simple mea-
surements, of the area of weight-bearing sur-
face and the load on that area, assuming that
50% of the weight was borne by the heel and
the other 50% by the ball of the foot, showed
very clearly that pressures in the sole during
standing would far exceed the blood pressure,
blocking entry of blood to the compressed part
of the sole. It was evident that continued stand-
ing without relieving the sole of the foot, by
frequent shifting of weight from one foot to the
other, would cause severe ischemia. That
would be sufficient to  lead to ischemic necrosis
of the subcutaneous tissue and then of the
overlying skin causing ulceration. Persons with
insensitive feet would not feel the ischemic
pain and so (it was postulated) would not shift
the weight from their feet periodically as
healthy individuals do, thus allowing develop-
ment of ulcers. On this basis patients were
instructed not to stand for ‘prolonged
periods’.13

While the logic of this hypothesis was
sound, the basic premise that one could stand
for “prolonged” periods (for four to five hours
or longer! - which is what “prolonged” means
in the present context) without swaying, con-
tinuously loading the sole, was not realistic for
two reasons. Firstly, people rarely, if ever, stand
like that.7 Secondly, the body cannot stand still
even for a few seconds, as the living body is
constantly swaying, mostly forwards and back-
wards, as the muscles are constantly pulling
the body in one direction or the other to pre-
vent it from falling. Thus, standing is an act of
dynamic equilibrium and one cannot stand
‘absolutely still’ even for a minute, let alone for
the hours required to produce ischemic necro-
sis and ulceration of the sole. 

Walking is the cause
Price, a surgeon working in Nigeria, published
in 1959 three papers on plantar ulcers in lep-
rosy which gave us a new insight into the cau-
sation of ulcers.33-35 It was Price who intro-
duced the term ‘plantar ulcer’, instead of the
then popular ‘trophic ulcer’. Price made three
important observations:

a) The ulcers were not randomly distributed
in the weight–bearing area of the sole; instead,
there was a bias for the ulcers to be located
under the metatarsal heads. About 70% of the
ulcers occurred in this part of the sole, with
10% occuring in the heel, and a further 10% in
the midlateral part of the sole. The risk of ulcer-
ation of the forepart of the sole of the foot was
therefore about seven times greater than that of
the heel. This pattern of preferential ulceration
of the ball of the foot was confirmed soon after
in South India, at Karigiri and Chingleput (Fig.
15-2).41,44
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FIGURE 15-2  Frequency of distribution of ulcers in
sole of the foot  a) tips of toes <5%;  b) big toe
region 30-50%; c) central toe region; 2nd-5th
metatarsal heads 20-30%; d) Metatarsal head region
15-20%; e) mid lateral border of the foot (base of 5th
metatarsal) 15-20%; f) heel 5-10%; g) instep <1%.
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b) The ulcers started as blisters over areas of
necrosis. There was an initial area of deep
inflammation followed by necrosis of the sub-
cutaneous tissue, which was followed by the
development of the ‘necrosis blister’. While the
blister usually lay over the area of necrosis, the
blister fluid sometimes tracked along paths of
‘least resistance’ and surfaced at a distance.

c) The ulcers developed in one of three ways:
1. through infection of a (usually penetrat-

ing) wound giving rise to a traumatic
ulcer;  

2. through infection of a deep skin crack,
frequently found in the anhidrotic soles
of these patients, or, infection of a ‘bursa’
deep to a callosity/corn through a fine
crack giving rise to a fissural ulcer or,

3. more commonly, because of the stresses
and strains on the tissues of the sole dur-
ing walking giving rise to a ’true’ plantar
ulcer. Price pointed out that the stresses
and strains of walking lead to ulceration
and that this explains the special vulnera-
bility of the ball of the foot for ulceration.
According to Price, only the last type of
ulcers would qualify to be called  ‘plantar
ulcers’.  However, it is common experi-
ence that these ulcers, once they have
developed, behave the same way and
have to be managed the same way irre-
spective of their initial cause, be it trau-
ma, fissure or walking. Probably for this
reason and also because patients are
rarely seen at the initial stage, no distinc-
tion is now made between ‘true’ and
other types of plantar ulcers and all are
referred to simply as ‘plantar ulcers’.

Price did not, however, explain why walk-
ing strains should cause ulceration in insensi-
tive feet only. Brand has advocated the idea
that leprosy patients with insensitive feet
walked ‘excessively’. He has shown experi-
mentally that even a small rise in stress when

repeated innumerable times causes aseptic
inflammation at that site and that the inflamed
sites then break down easily.6 Patients were,
therefore, advised not to walk ‘too much’ and
to rest their feet at periodic intervals if they had
to walk ‘long distances’. Srinivasan found that
a history of prolonged walking preceded the
initial development of ulcers in only a few
cases. His study showed that insensitivity of
the sole introduced a risk of ulceration (ca. 6%
in his patients) and that the risk increased (12-
72%) when there was associated paralysis of
the plantar intrinsic muscles.45 This study fur-
ther showed that paralysis of muscles or mus-
cle groups rendered particular sites more vul-
nerable. 

That observation would further support the
thesis that paralysis of the plantar intrinsic
muscles increases the risk of ulceration in the
ball of the foot.

Current View of Causation of Plantar
Ulcers (Fig. 15-3) 

The currently held view is as follows. A minor-
ity of ulcers (ca. 10%) arise from perceived or
unperceived injuries with neglect of these
injuries resulting in infection and tissue dam-
age. Another small proportion (ca. 5 %) arise
from neglect of deep cracks in the dry
(anhidrotic) and hyperkeratotic skin of the sole,
or, from infection of ‘bursae’ underlying cal-
losities or corns, through fine cracks. The
majority of plantar ulcers arise from break-
down of plantar subcutaneous tissue due to the
stresses and strains of normal walking. 

All plantar intrinsic muscles exert their
effect in the region of the metatarso-phalangeal
joints. When these muscles are paralysed, the
compression and shearing forces ae increased,
even during normal walking. The plantar
intrinsic muscles are maximally active during
the “push off” stage of walking when the fore
part of the foot pushes the ground backward in
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order to propel the body forward.1 Their con-
traction creates a thrust that will counter the
compressive, shearing and distracting forces at
the metatarso-phalangeal joint region that are
normally generated at this stage of walking.
When the plantar intrinsic muscles are paral-
ysed, this protective effect is lost, and the toes
get clawed during the “push off ” stage of
walking, causing momentary increases in
stresses and strains in the region of the metatar-
so-phalangeal joint at each step. Brand has
shown that even small increases in stresses can

lead to breakdown of tissue if repeated long
enough, causing ulceration.6 Similarly, paraly-
sis of long muscles also increases the risk of
ulceration at specific sites due to momentary
increases in stresses at those sites as shown
below (Fig. 15-4). 

Other causes of plantar ulceration
While most plantar ulcers arise in the manner
described above, other (known or not yet
known) causes may be operating occasionally
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FIGURE 15-3 Current concept of plantar ulceration.

FIGURE 15-4 Sites rendered vulnerable to ulceration by particular muscle paralysis.*

* The reader is advised to also study chapter 12 for additional insights into the pathogenesis
of plantar ulceration (eds.).

         Muscle Group Paralysed                        Site Made Vulnerable

Plantar intrinsics                                    Ball of the foot 
    Abd. hallucis group                             I Metatarsal head region
    Interossei-lumbricals                            II, III, & IV Metatarsal head region
    Abd. dig. minimi group                        V Metatarsal head region
    Fl. dig.brevis / interossei & lumbricals   Tips of toes
Foot dorsiflexors                                      Heel
Peronei (evertors)                                    Head / Base of V metatarsal
Calf muscles  (plantar flexors)                  Heel 



to give rise to an ulcer. Thus obvious or occult
anatomical anomalies and variations, improper
or ill-fitting footwear, vascular insufficiency or
rare fungal or bacterial infections may lead to
ulceration of different parts of the foot. These
factors, however, usually determine the site of
an ulcer rather than initiate one. 

STAGES OF  ULCERATION 
The pathogenesis of plantar ulcers may be
described in terms of three ‘stages’ namely the
stage of ‘threatened’ ulcer, the stage of ‘con-
cealed’ ulcer and the final stage of ‘overt’ or
open ulcer. 

Stage of threatened ulcer
In terms of pathology, this stage may be called
“pre-ulcerative stage of aseptic inflammation”.
Increased stress repeated over a period of time
gives rise to a focus of traumatic (aseptic)
inflammation in the region of the subcutaneous
layer of the sole of the foot, which is most vul-
nerable to mechanical stress. This occurs at the
site of increased stress, usually under a joint or
a bony prominence, very often just distal to the
head of a metatarsal. The affected site is œde-
matous. This is seen as mild or obvious splay-
ing of a toe, which stands apart from its neigh-
bour to a greater or lesser extent.33-35 The affect-
ed site is often tender to deep digital pressure.
Clinicians do not often get to see feet in this
stage since patients rarely report at this stage.

Stage of concealed ulceration
This is the stage of  “necrosis blister”. The
inflamed site undergoes necrosis on continued
subjection to stress, by walking, with the sub-
cutaneous tissue undergoing colliquative
necrosis. The liquefied tissue mixed with some
blood is forced to the surface by continued
walking to present as a blister. This is the so-
called ‘necrosis blister’. This blister usually
directly overlies the area of necrosis, but some-

times, when the overlying tissue is too tough, it
may track along a path of least resistance and
emerge to the surface at a distance, at the side
of the toe or in the interdigital web.33-35 This
stage also often goes unnoticed. Even when
noticed, patients may mislead the physician by
attributing the blister to (an unperceived) burn
as, in their experience, burns cause blisters (Fig.
15-5). Only close questioning will reveal that
‘the burn’ was an assumption or an inference
and not a fact or direct observation.

Stage of overt ulceration
With the formation of the necrosis blister the
essential process of ulcer formation namely,
destruction of the subcutaneous tissue, is com-
plete except that the “ulcer” is not seen or obvi-
ous as it is still covered with skin. When the
skin overlying the blister breaks open, the ulcer
site becomes exteriorised, the necrotic area
becomes exposed to the external world and
there is an obvious ulcer.
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FIGURE 15-5 Burn in a newly diagnosed leprosy
patient; patient presented with the burn.



PROGRESSION OF PLANTAR ULCER
An ulcer does not usually bother the patient
except for its nuisance, as there is usually no
accompanying pain. It may enlarge to some
extent and continue like that, without healing,
for some weeks or a few months. Sooner or
later it can become acutely infected with ‘street
organisms’ like Staph. aureus,  E. coli, or B. pro-
teus.9,11,14,31 The part becomes swollen, the
oedema showing up prominently over the dor-
sum even when the infected site is in the sole,
and the edges of the ulcer are also swollen.
There is copious discharge of pus or sero-san-
ious fluid, which may be foul smelling. The
floor of the ulcer is often covered with necrotic
tissue. There may be associated groin adenitis,
lymphangitis and fever, depending on the
severity and extent of localization of infection.
Examination of the blood shows polymorpho-
nuclear leukocytosis. The ulcer presenting in
this fashion, with acute inflammation, is often
referred to as an ’acute ulcer’. Initially, the
infection and inflammation are confined to the
subcutaneous tissue and plane, without it
extending to deeper tissue or structures like
bones, joints or tendon sheaths. In that case

they are also called ’simple ulcers’ or ’uncompli-
cated ulcers’. Usually, the patient seeks relief at
the stage of acute inflammation and with treat-
ment the inflammation subsides, and the ulcer
may also heal. Or, after improving for some
time, the ulcer may remain unchanged and
continues to be present as a small raw area. The
acute ulcer has become quiescent and has
entered the chronic stage. From now on it is
referred to as a ‘chronic ulcer’.

The chronic ulcer, as the name suggests,
remains unchanged and unhealed for some
time and then may flare up again as an acute
ulcer. With treatment the acute inflammation
subsides and the ulcer reverts to the chronic
status once more. Over the course of years, this
cycle (chronic ulcer → acute ulcer → chronic
ulcer) may be repeated (Figs. 15-6,7). During
any one of the acute episodes the infection may
break through the natural barriers and extend
to one or more deeper structures such as an
underlying joint or bone or an adjacent tendon
sheath or, a ‘plantar space’. Ulcers in the midlat-
eral border of the foot are dangerously close to
cubo-metatarsal and calcaneo-cuboid joints to
which infection may easily spread and from
there to the other tarsal joints. Such extension
of infection to deeper structures converts the
‘simple ulcer’ into a ’complicated ulcer’. In this
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FIGURE 15-6 Early digit/metatarsal bone loss
secondary to ulceration.

FIGURE 15-7 Advanced bone loss secondary to
ulceration.



manner, the plantar ulcer may result in addi-
tional complications like osteomyelitis, septic
arthritis or tenosynovitis. These complications
may result in fixed deformities of toes or foot,
loss of bone and flail or disorganised joints. It is
not anymore a plantar ulcer, but a sinus with
deep ramifications associated with profound
structural changes in the foot, with correspond-
ing functional consequences. The term ’pene-
trating ulcer’ is sometimes used to refer to an
ulcer that extends deeply into a tarsal bone,
like the calcaneus. Sometimes, the sinus finds
its way through the full thickness of the foot
and opens out in the dorsum of the foot. Such
an ulcer, which perforates the foot through and
through, is called a ‘perforating ulcer’ or mal per-
forans. Severe and repeated infection causes
extensive tissue necrosis with replacement of
the dead tissue with scar tissue. Scar tissue can-
not withstand the stresses and strains generat-
ed in the foot during walking and, sooner or
later it may break down and the ulcer that
healed with great difficulty breaks open readi-
ly. These ulcers, which recur readily, with little
provocation and despite taking proper care
and adequate protective precautions including
the use of appropriate footwear, are referred to
as ’recurrent ulcers’ in which the recurrence of
the ulcer itself is the main complication.

CONSEQUENCES OF REPEATED
ULCERATION
Each episode of recurrent ulceration is associat-
ed with additional tissue damage and further
scarring at the site making the part more 
vulnerable to ulceration. Further, soft tissue
loss, scar contraction, pathological fractures
and bone loss associated with chronic
osteomyelitis, and destruction of an underlying
joint often cause development of fixed deformi-
ties, abnormal bony prominences and function-
al abnormalities. During walking and even

during standing, these abnormalities can cause
increased pressures and other stresses and
strains on the already vulnerable scar leading
to the breakdown of the scar even more readily.
A vicious spiral is set up in this manner leading
to progressive and extensive destruction 
and mutilation of the foot. The plantar ulcer
may rarely develop some other complications
such as life-threatening clostridial infections
(tetanus, gas gangrene), or, septicæmia.
Occasionally, long standing ulcers may under-
go malignant or premalignant degeneration
developing into a ‘cauliflower growth’ that
may be squamous-cell carcinoma or identical-
looking pseudo-epitheliomatous hyperplasia.49

The natural history of plantar ulcers is shown
in Fig. 15-8.
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FIGURE 15-8 Natural history of plantar ulceration.



LOCATION OF PLANTAR ULCERS
As pointed out by Price, plantar ulcers are not
distributed randomly in the sole of the foot, but
are found more often at some sites than others.
Thus, the forefoot is the most favoured site,
accounting for 70% to 80% of the ulcers.
Srinivasan showed that even in the ball of the
foot, the frequency of ulceration progressively
increased from the lateral to the medial part,
the first metatarsal head region being the most
common site (Figs. 15-2 and 9).46 Ulcers are
least common in the region of the medial arch
(instep) of the foot. The frequency of ulceration
increases progressively in the following order:
tips of one or more toes, pulps of one or more
toes, heel, mid lateral border of the foot (base of
5th metatarsal), region of the 5th metatarso-
phalangeal (MTP) joint, region of central three
MTP joints and the region of the MTP joint of
the big toe being the most common sites.
Although the last three sites are commonly
referred to as being ‘under a metatarsal head’
(MTH region), the ulcer is usually located just
distal to and not right under the metatarsal
head. The toes are webbed to a much greater
extent than the fingers and the metatarsal
heads are not located as far forward in the ball
of the foot as commonly imagined. The exact
location of an ulcer is determined by a number
of factors. A traumatic ulcer may occur any-

where in the sole of the foot, since a thorn, nail,
or a sharp stone will penetrate any part of the
foot with which it comes into contact. Fissures,
and fissural ulcers, on the other hand, occur
around the margin of weight-bearing areas in
the sole.

NEUROPATHIC EXTRA-PLANTAR ULCERS
Extra-Plantar Foot Ulcers
Neuropathic ulcers may also be found in sites
other than the sole of the foot. These are known
as extra-plantar ulcers. Thus in the foot, extra-
plantar neuropathic ulcers are seen on the dor-
sum or over the lateral malleolus. The ulcers
over the dorsum of the toes are due to rubbing
of the toe (usually the second toe) by an ill-fit-
ting strap of the sandal or the upper of the
shoe. In these cases, the toe is usually
deformed, having a fixed or mobile claw defor-
mity. Sometimes, a flail little toe develops
ulceration over its dorsum, again due to fric-
tional trauma from the shoe or sandal.

Ulcers over the lateral malleolus arise from
pressure and friction due to cross-legged sit-
ting. The tissues over the lateral malleolus get
caught between the ground and the underlying
bone. Repeated and continuous compression
causes the skin over the lateral malleolus to be
thickened and hyperkeratotic and a corn devel-
ops in that area. The corn increases the com-
pression and shear stresses, causing an adven-
titious bursa to develop between the corn and
the underlying lateral malleolus. The bursa
becomes chronically inflamed with thickening
of its walls, because of repeated trauma from
sitting. At some stage, fine cracks develop in
the skin overlying the bursa. The bursa may get
infected, a collar stud abscess develops, bursts
open discharging pus leaving behind a chronic
sinus communicating with the infected bursa
underneath. The skin overlying the infected
bursa may slough off and a large indolent ulcer
extending over the entire lateral malleolar area
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FIGURE 15-9 Forefoot deformity secondary to
plantar ulceration.



develops. If not treated properly and promptly
the bone may also become involved. With con-
tinued neglect, the infection may spread fur-
ther to involve the ankle joint with disastrous
consequences. Instances are not unknown in
which the entire talus had been extruded as a
sequestrum in cases of sepsis of the ankle. 

Extra-Plantar Hand Ulcers
Neuropathic ulcers occur also in the hand. In
fact, hand ulcers are at least as common as
plantar ulcers but they usually heal quicker as,
unlike the feet, wound healing in the hands is
not complicated by having to bear the weight
of the body. Ulcers in the hand are mostly ‘trau-
matic’ in origin and are caused by burns (cook-
ing, cigarettes), cuts and abrasions. The digital
pads, palmar and dorsal aspects of fingers and
hypothenar eminence are most often affected.
Sometimes, vermin like rats chew up the insen-
sitive fingers or toes of the patient during
sleep. To prevent this happening Brand
advised patients to keep a dog or a cat as pet to
keep the area vermin free. Because they are not
painful the wounds are neglected and not
allowed to heal by treating them properly, rest.
As a result, they continue to remain as festering
sores. Often, digital pad infection is allowed 
to extend deeper and progresses into
osteomyelitis of the terminal phalanx, and loss
of its distal parts through sequestration.
Fingers in leprosy-affected persons get short-
ened progressively in this manner, sometimes
to mere stubs. The infection may also spread
proximally, to the flexor synovial sheath and
through that involve the spaces of the palm, or,
even Parona’s space in distal 1/4th of the front
of forearm (Fig. 15-10). 

Infection of the synovial sheath may also
lead to necrosis and loss of flexor tendons of
the finger, leaving behind a stiff and straight
finger, reducing hand function. Besides the
traumatic ulcers, fissural ulcers are also not
uncommon in the hand. Persons doing hard

manual labour develop areas of hyperkeratosis
in the region of digital creases and the thick-
ened dry skin will crack when the finger is pas-
sively straightened during the course of work.
In this manner a fissure develops, usually at
the site of the middle digital crease or at the
proximal digital crease located at the base of
the finger. These fissures are initially shallow
but in course of time may become quite deep to
expose the subcutaneous tissue and even the
flexor tendon or its sheath. The fissure is sur-
rounded by grossly hyperkeratotic skin and
frequent movement keeps the fissure open and
prevents its healing. Secondary infection may
enter through the fissure to involve underlying
structures with consequences similar to those
mentioned earlier.

Pressure and friction sores are also seen in
the hand. Friction sores may occur over the
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FIGURE 15-10  Spread of infection in the hand: 
a) from pulp of finger to flexor synovial sheath. 
b) from flexor sheath to palmar spaces. c) flexor
sheath to ulnar bursa. d) from radial bursa to ulnar
bursa and vice versa. e) from palmar space (white
arrows) and flexor sheath (black arrows) to Parona's
space.
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dorsum of a finger at the PIP joint level due to
rubbing away of the skin and deeper tissues
during activities like soaping a garment over a
stone. Pressure or friction sores in the hands
are seen in persons who habitually use their
hands to push the ground down (for getting
up), or, downwards and backwards (in order to
move forwards). Tips of claw fingers become
sclerotic and the sclerotic tissue gets worn out
in course of time due to the use of great force
used during gripping objects, presenting a
small circular sore. Pressure sores in the hand
typically occur over the ‘heel’ (proximal medial
(ulnar) corner, i.e., base of hypothenar emi-
nence) of the palm, over the pisiform bone.
Infection may spread from an ulcer at this site
to the bone underneath and, with continued
neglect, spread to the other carpal bones and
intercarpal joints, which may result in carpal
disorganisation.

MANAGEMENT OF NEUROPATHIC
ULCERS

It would be evident from the foregoing discus-
sion that we should aim at achieving three
goals: 1. healing of ulcer(s) already present, 2.
prevention of recurrence of ulcers that have
healed and, 3. prevention of ulceration in indi-
viduals with sensory neuropathy, if they are at
risk of developing neuropathic plantar or
extra-plantar ulcers. 

When there is a plantar ulcer, our primary
aim is to get the ulcer healed. As the first step,
the feet should be carefully examined. Ask the
patient whether there is impairment or loss of
sensibility in feet and hands, including the
affected foot. Although patients’ statements in
this regard are fairly reliable, it is better to
assess sensation.28 People are often not aware
of sensory impairment of insidious onset. 

Examining the foot with plantar ulcer. Ask for
a history of impaired sensibility in the affected

foot as well as the other foot and hands, its
extent and duration. Use a few explanatory
queries such as  “Does the ground feel normal
while walking? Do you feel the small stones or
the hot ground under your feet during walk-
ing? Does it hurt when you step on a pebble?"
This will confirm that you and the patient have
understood each other correctly. Next, even in
cases of recurrent ulceration, ask for the details
of how the ulcer started originally and what
happened subsequently. In the patient’s
replies, try to identify actual observations from
inferences: the patient may say that he had a
‘burn’ whereas he is not aware of any episode
of the burn and had actually noticed only a
blister; the patient may say he had an abscess,
but only blood stained thin fluid, not pus,
drained from the ‘abscess’. When asking a
leading question such as “Did you have a
wound? Did you walk a long distance?”
always explain what you mean by the terms
used in your question. The terms ‘wound’ and
‘long distance’ may not mean the same to the
patient as it does to you. The primary aim of
examination is to assess the state of the ulcer,
whether it is an acute, simple chronic, compli-
cated chronic or a ‘recurrent ulcer’, in order to
determine the line of treatment.                                         

Take time to examine the affected foot with
care. In addition, always examine the other
foot, and in leprosy affected persons, both
hands and both eyes. Look at the affected foot
carefully for signs of infection, inflammation,
swelling and deformity. Feel the skin for areas
of increased temperature (‘hot spots’); palpate
the bones for thickening and tenderness; move
the joints looking for instability and stiffness,
and examine the posterior tibial neurovascular
bundle, behind the ankle, for tenderness. Pain
and tenderness at this site in a patient with a
plantar ulcer, but no active leprosy, often indi-
cates chronic inflammation of lymphatics run-
ning along with the posterior tibial vessels and
nerve rather than posterior tibial neuritis due
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to leprosy. Elicit the story of each and every
scar. Finally, do not fail to examine the draining
regional lymph nodes.

When you notice a deformity in the foot or
toes, ascertain whether that was a consequence
of previous episodes of ulceration. Find out
whether the patient wears any footwear, its
type and when she/he uses them. Many
patients in rural areas use footwear only on
some specific social occasions, like coming to a
hospital. Have a good look at the footwear,
check its pattern of wear and verify its fit and
whether the footwear itself could have caused
any damage to the foot. 

Carefully examine the ulcer. Note the char-
acteristics like its edges (e.g., scarred / hyperk-
eratotic / heaped up / rolled out / sloping and
healing etc.), the floor (for the presence of
slough, nature of the granulation - whether it
appears normal, hypertrophic, very pale etc.),
openings of sinuses and extent of fibrosis
around the ulcer. Note the nature of the dis-
charge from the ulcer, whether it is copious or

scanty, thick or thin, purulent or serous etc.
Ask, and look for the presence of fine grains of
bone (‘bone sand’) in the discharge. If sinuses
are identified, probe them to identify their
track and the presence of any sequesters in
their depths. Finally, note whether the regional
lymph nodes are enlarged and tender. The aim
and details of management depend upon the
type and the condition of the ulcer as identified
by clinical examination. Figure 15-11 sum-
marises the aims of management and the prin-
ciples of treatment of the different types of
plantar ulcers.   

Management of acute ulcer
The goal of management at this stage is to con-
trol the effects of and limit the damage caused
by acute infection and inflammation and con-
vert the acute ulcer into a healing ulcer. The
acutely inflamed ulcer with œdematous edges
and dirty slough-covered floor copiously dis-
charging smelling pus is changed to a clean
ulcer having thin sloping margins, and its floor
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Type of Ulcer

1. Acute Ulcer

2. Chronic Simple,
or, Healing Ulcer

3. Chronic
Complicated Ulcer

4. “Recurrent” Ulcer

Aims and Principles of Treatment

Control acute inflammation and convert acute
ulcer into a “healing” ulcer and treat it as such,
using elevation, cleansing, dressing and, if neces-
sary, antibiotics.

Allow the ulcer to heal, by providing appropriate
dressing, and protecting from physical or chemi-
cal injury. 

Eliminate complication and convert complicated
into a “healing” ulcer and treat it as such.

Identify the cause of recurrence of each ulcer and
work out methods to eliminate it. Usually involves
scar revision and / or abatement of load on the
scar tissue plus special protective footwear.

FIGURE 15-11 Aims and principles of treatment of different types of plantar ulcers.



covered with healthy granulation, scantily dis-
charging somewhat gummy serous fluid indi-
cating that the ulcer has entered the healing
phase. This aim is achieved by: (1) elevating the
part, (2) cleansing the ulcer, (3) establishing
proper drainage, and, where necessary,  (4)
using suitable antibiotics. In order to apply the
above, the patient with an acutely infected and
inflamed (plantar or extra-plantar) ulcer
should be admitted as an in-patient in a medi-
cal facility, put to bed and prohibited from
walking. Minimal necessary investigations
would include estimation of hæmoglobin get-
ting a radiograph of the affected part for
assessing the possible presence and extent of
bone involvement. Other investigations, like
estimation of blood sugar, blood culture and
culture from the ulcer for identifying the
pathogen are done when indicated. 

Elevating the part
An essential first step in the management of
acute ulcers is elevation of the affected part.
Elevation improves venous and lymphatic
drainage and reduces œdema. Hanging the
limb down adds to tissue tension (and pain) by
gravitational effect. Persistent inflammatory
œdema leads to fibrosis and contractures of the
joints of hand or foot.

Cleansing the ulcer
Cleansing procedures aim at physically elimi-
nating all necrotic tissue and particulate matter,
foreign bodies like grit and other detritus as
well as floating debris of dead tissue from the
ulcer. Soaking the foot daily for about twenty
minutes and then irrigating the ulcer with
warm normal saline or a mild antiseptic solu-
tion will achieve this aim in a few days.
Soaking and irrigation are done as often as nec-
essary, twice or thrice a day if need be, depend-
ing on the amount of discharge from the ulcer.
Whirlpool baths providing vigorous agitation

are very effective in mechanically cleansing
acute ulcers. In between sessions of soaking-
irrigation, the ulcer is covered with moist
dressings, pieces of gauze soaked in a mild
antiseptic solution. Deep ulcers, and those
communicating with cavities, are loosely
packed with a ribbon of gauze soaked in 
the cleansing agent. “Eusol” (Edinburgh
University Solution) containing 1.25 parts each
of chlorinated lime (calcium hypochlorite or
bleaching powder) and boric acid for 100 parts
(w/v) of clean, not necessarily sterile, water is
very useful for cleansing purposes, for soaking,
irrigation as well as dressing.4 Eusol is an effec-
tive antiseptic and deodorant and is also much
less expensive to make than the other antiseptic
agents sold in the market. Eusol has a necrolyt-
ic action and the liberated nascent chlorine
functions as a mild antiseptic even in the pres-
ence of necrotic organic matter.63 Compared
with the other buffered hypochlorite solutions
like Dakin’s and Milton’s solutions, Eusol has a
lower pH (7.5 to 8.5 cf 9.5 and 10.5 to 11.2) and
is therefore less irritating to tissues, although it
is not as tissue-friendly as the more modern
but much more expensive preparations like
hydro-gels and hydro-colloids.10,20 Eusol
should be freshly made, preferably daily; in
any case at intervals of not more than once a
week. Non-buffered hypochlorite solutions
(e.g., chlorosol) are far more stable than the
buffered ones and provide greater available
chlorine (about 0.4% cf about 0.25%) but are
highly irritating to the tissues as they have very
high pH (about 11.5) and so are not used.

Other agents commonly used in moist
dressing of plantar ulcers are: concentrated
magnesium sulphate, glycerine-magsulphate
paste, acriflavine, mercurochrome and hydro-
gen peroxide. The first two are absorptive
dressings as the chemicals used are hypertonic
/ hygroscopic. They absorb water from the
wound and thus maintain a moist environment
congenial for autolytic debridement and
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wound healing. Hypertonic saline dressings
would be equally effective. Acriflavine and
Mercurochrome are used mainly for their anti-
septic properties, but, except for being colour-
ful and so impressive to the patient and others,
they are virtually useless for that purpose as
organic matter such as necrotic tissue inacti-
vates them. The nascent oxygen liberated by
hydrogen peroxide has an antiseptic effect but
one should avoid using hydrogen peroxide for
irrigating closed cavities for fear of complica-
tions like life-threatening oxygen embolism.2,43

Cetrimide BP and chlorhexidine (Savlon™ is a
combination of both) are efficient cleansing and
antiseptic agents, effective in even low concen-
trations, and so quite useful as cleansing
agents. But, in view of their deleterious effect in
vitro on fibroblasts, they are better avoided for
repeated use in clean ulcers as they may inter-
fere with fibroblast activity essential for wound
contraction and healing.

A variety of other cleansing agents and
dressing materials such as polyvinyl film (per-
meable to O2 and moisture but not to bacteria),
hydro-colloids and hydro-gels, honey, sugar
paste, Debrisan™ (a proprietary preparation of
micro fine plastic granules that keeps the
wound moist by capillary action), collagen
sheets and a host of others have been tried in
recent times in plantar ulcers of leprosy
patients, persons with bed sores, burn wounds
and foot ulcers in diabetic subjects.15,29,39,64 All
of them have been found to be ‘effective’ in
obtaining ‘early’ wound healing. Even if the
claims are valid, it is difficult to say at present
how important a place they have in the routine
management of ulcers in leprosy, especially in
the field. It is also worth noting that a meta-
analysis of 47 reports of 35 randomised con-
trolled trials comparing the usefulness of a
variety of cleansing agents in chronic wounds
concluded “there was insufficient evidence to
promote one … agent over another”.5 We must
also remember that, in many cases, plantar

ulcers in leprosy-affected persons remain
unhealed not because some particular dressing
agent has not been applied but because they
have been neglected and not rested.56

Establishing drainage
An important factor in the persistence of infec-
tion is damming up of pus in deeper tissues
and spaces. Prompt draining away of the
infected exudates without allowing them to
accumulate is necessary for rapid elimination
of infection. Ensuring proper drainage is
achieved by surgery. However, extensive
surgery involving wide opening up of tissue
planes and spaces is contraindicated during the
acute stage of the ulcer. Surgery is therefore
confined to minimal necessary drainage proce-
dures like incision and release of pent up pock-
ets of pus, making counter incisions in non
weight bearing areas for better drainage of
deep cavities, removal of loosely lying slough
and pieces of dead bone too large to be flushed
out by irrigation and loosely packing the
wound with gauze ribbon soaked in Eusol. In
forefoot ulcers, with acute osteomyelitis of a
metatarsal, a 5-cm long dorsal longitudinal
counter incision over the maximally affected
point to drain the infected site is a useful proce-
dure. The ulcer is dressed from then on
through this wound, to promote healing from
below. After about two to three weeks of treat-
ment along the above lines, when acute inflam-
mation has subsided, surgical debridement is
done (see later) and under antibiotic cover, it
may be possible in carefully selected cases to
close the plantar wound by sutures (if judged
feasible) and continue dressing from the dor-
sum (Fig. 15-12). The ulcer is thus allowed to
heal from the sole upwards. By this procedure
one may be able to minimise the scar in the
sole. Otherwise, it is treated as a ‘chronic/heal-
ing ulcer’.  
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Use of antibiotics
In the management of acute ulcers, the first
general rule is “Do not use antibiotics as a rou-
tine”. The second general rule is “Do not fail to
use appropriate antibiotics when needed”. The two
rules are complementary and not contradicto-
ry.

Neuropathic ulceration in general is a
chronic condition in the sense that episodes of
ulceration and acute inflammation tend to
occur repeatedly in many persons. The body
defences are adequate to meet the situation and
localise the infection in most instances. One can
usually obtain control of inflammation, elimi-
nation of infection and healing of the ulcer with
cleansing, drainage, dressing and debridement
procedures alone, without the use of antibi-
otics. Routine and indiscriminate use of antibi-
otics randomly, especially in the absence of
identification of the offending organism by cul-
ture and sensitivity studies, is sure to promote
colonisation of the ulcer with antibiotic-resis-
tant bacteria rendering the antibiotics useless
when they may be needed urgently. Hence the

injunction against routine use of antibiotics.
Notwithstanding the above, appropriate

antibiotics must be used when they are indicat-
ed. The stress is on ‘appropriate’ and ‘when
indicated’. There are ‘absolute’ and ‘relative’
indications for using antibiotics. Absolute indi-
cations include life-threatening infective condi-
tions like septicæmia, infection with highly vir-
ulent staphylococci and streptococci (necrotis-
ing faciitis), and infection with clostridia. These
conditions are medical emergencies in which
aggressive antibiotic therapy is indicated for
saving the life of the patient. The ‘relative’ indi-
cations are the presence of complications
indicative of failure of localisation of infection
like cellulitis, acute adenopathy of regional
lymph nodes and systemic toxæmia.
Antibiotics may also be needed in cases of
involvement of deeper structures like underly-
ing bones, joints or tendon sheaths. In these
cases, the decision to use antibiotics depends
on the extent, duration and severity of the local
condition.

Plantar ulcers are often contaminated with
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FIGURE 15-12 Diagram of dorsal drainage procedure. a. Transverse section
showing he extent of joint excision (hatched) and the dosal corrugated drain.
b. Elliptical excision of plantar ulcer, sutures in place but not tied (from
Fritschi13, used with permission).
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’street organisms’ such as Staph. aureus and E.
coli. That does not mean that they are necessar-
ily the cause of the clinical condition. Culture-
sensitivity results from surface swabs of the
ulcer are, therefore, not very reliable guides for
selecting the suitable antibiotic agent and so
have limited value. To get more reliable infor-
mation, one should culture the needle aspirate
from the ulcer bed or from the biopsied tissue
from the ulcer. The few reports in the literature
on the bacterial flora in plantar ulcers do not
always clearly mention whether the source of
the culture material was from acute or non-
acute ulcers, whether the ulcer was a recurrent
one or a first occurrence and whether the
swabs had been taken from deep inside the
ulcer.9,11,14,31,61,66 Therefore, the pattern of bacte-
rial flora in different types of ulcer is generally
unknown. 

Where the facility is available, one should
always attempt to identify the causative
pathogen in acute infections by culture of
material taken from the depths of the ulcer and
its antibiotic sensitivity and administer an
appropriate antibiotic or combination of antibi-
otics. When not available one should use a
newer broad-spectrum antibiotic such as the
newer penicillin derivatives, quinolones, or a
combination of antibiotics, to cover both gram
positive and negative organisms.

The acute ulcer will become a ‘healing
ulcer’ in two to three weeks of treatment. All
the signs of acute inflammation will have sub-
sided; the discharge will have diminished to
scanty, gummy, serous ooze; the floor of the
ulcer, now free of all slough, will consist of
pink, healthy granulation tissue; and the edges
of the ulcer, from being œdematous and
inflamed, will have become sloping with bluish
epithelium creeping over healthy granulation
tissue. Management of a ‘healing ulcer’ is
almost the same as that of ‘Chronic (simple)
ulcer’, except that we need not scrape the ulcer.
If any of the above signs are not found, i.e., if
inflammation persists, or, purulent discharge

continues, or, there is no evidence of healing,
then this suggests the presence of an underly-
ing complication hindering healing. In that
case, the ulcer is to be re-evaluated and treated
as a “complicated ulcer”.

Management of Chronic (Simple) Ulcer
A chronic ulcer, as its name indicates, is one
that does not heal easily and even if it heals, it
may take a long time to do so (Fig. 15-13).
Broadly speaking, there are two reasons for the
ulcer not to heal. The ulcer may not heal
because of the presence of a complication that
interferes with healing, like persistent infection
(usually in a deep structure like a bone or a
joint), in which case it should be seen as a ‘com-
plicated ulcer’, or, the ulcer has not been
allowed to heal. These, chronic ‘simple’ ulcers,
do not heal because they have been prevented
from healing by absence of rest and unprotect-
ed walking. Under those conditions, the deli-
cate epithelium growing over the granulation
tissue is physically ground down and
destroyed by the stresses generated during
walking.

‘Chronic simple ulcers’ are quiescent ulcers
(i.e., not acutely inflamed), which are also usu-
ally superficial. They are usually painless, a
few millimetres deep, have punched out
appearance, with heaped up hyperkeratotic
margins, and have a floor of pale granulation
covered with whitish film of fibrin or a thin
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FIGURE 15-13 Late stage of a plantar ulcer.



layer of greyish necrotic tissue. Florid or exu-
berant granulation tissue, protruding from the
ulcer (‘proud flesh’), indicates the presence of
sequestra or foreign bodies deep inside the
ulcer. The ulcer bed feels hard because of heavy
scarring due to previous episodes of ulceration.
There is little discharge from the ulcer, just a
spotting of slightly turbid sticky fluid or slight
blood staining of the dressing. Pedal pulses are
normal. Absent pedal pulses, very pale granu-
lations and practically no bloodstaining would
suggest ischemia as the reason for the non-
healing of the ulcer. The chronic simple ulcer is
best treated by applying a below-the-knee plas-
ter of Paris cast after cleaning the ulcer.3 This
method of treatment of plantar ulcers in lep-
rosy patients was first described in the litera-
ture in 1939, and its usefulness confirmed a few
years later.16,19 It became the standard method
of treating plantar ulcers, all over the world,
only in the ‘60s after Price published this tech-
nique.30 The moulded inner shell of the plaster
cast minimises the vertical pressures (compres-
sion load per unit area) over the ulcer. By mak-
ing the sole rigid and by connecting the leg and
the foot rigidly, deformation of the foot, during
walking, is minimised and the foot gets ‘physi-
ological rest’. By avoiding repeated dressing
and not allowing any other kind of interference
with the ulcer, the process of epithelialisation is
protected and healing is promoted.

The ulcer is cleaned with normal saline and
dressed with wet saline gauze for a couple of
days. It is then gently scraped, with a periosteal
elevator or a 10-blade knife, to remove any sur-
face debris and the edges of the ulcer are
thinned by tangential shaving off of the thick
hyperkeratotic tissue. The ulcer is then covered
with a layer of sterile vaseline (petrolatum)
gauze, which is packed from above with small
pledgets of moist (but not soaking wet) cotton
wool so that the Vaseline gauze conforms to the
contours of the ulcer and no dead space is left

between the gauze and the ulcer. The limb is
encased in an adequately, but thinly, padded,
well-moulded, below-the-knee plaster cast (see
Appendix D). After 48 to 96 hours, when the
plaster cast has dried well  (not just hardened
but it should have completely dried, as it
would break otherwise) it is converted into a
walking plaster cast by adding a walking
wooden rocker sole. At this stage, it is better to
cover the toes completely with a toe cap (after
padding the part and allowing sufficient room
on the top of the toes for them to bend at their
middle joint without rubbing on the toe cap)
using plaster bandages. That prevents the front
end of the cast shovelling sand and gravel into
the cast under the foot. The patient is instruct-
ed regarding recognition of a tight plaster cast,
how to take care of the limb and the cast, and is
then permitted to walk. It is best to measure the
feet for appropriate footwear before the plaster
is applied and keep them ready for use by the
time the cast is removed. Usually, the plaster
cast is removed after six weeks, by which time
the ulcer should have healed completely.
Occasionally a small raw area may still be pre-
sent that may be treated with a second plaster
cast as before or with sticking plaster dressings,
without recourse to plaster casting.

Sticking plaster dressing technique
If for any reason the patient refuses to have the
plaster cast, especially when the ulcer is small
(< 10 to 12 mm) and not deep (i.e., does not
extend deep to the deep fascia), or, a plaster
cast is not advisable due to poor skin condition,
or, we cannot give the cast for some other rea-
son, it is best to resort to the “sticking plaster
technique” for treating the ulcer. In this tech-
nique, the ulcer is cleaned and the surrounding
areas are mopped completely dry (this is very
important as the tape will not stick to moist
skin), and narrow (3 or 4 mm wide), overlap-
ping strips of ordinary zinc oxide adhesive
plaster (coated with ZnO3 paste) are laid
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directly over the ulcer without any intervening
gauze piece or medication.59 The plaster strips
should extend for at least 15 cm, all round,
beyond the margins of the ulcer. If the adhesive
plaster spans the ulcer, because of its depth,
leaving a dead space between the ulcer and the
plaster, packing the top of the plaster with
small pledgets of cotton wool, or small wads of
gauze, and using a bandage or larger pieces of
sticking plaster to retain them in position will
eliminate the dead space and establish total
contact between the ulcer and the plaster
strips. The outer bandage may be changed
daily or as often as necessary. However, the
adhesive plaster dressing is not removed daily
but kept on for four to seven days, or, till it
starts pealing off. The oily exudate is wiped
clean, the ulcer is mopped dry and dressed
with adhesive plaster strips, exactly as before.
The patient is instructed to keep the plaster
dressing as long as possible, avoid walking as
much as possible and if the foot gets wet, mop
it dry, without removing the sticking plaster
strips, at the earliest opportunity. When the
foot gets dirty, it is washed well and mopped
dry only. Apart from these instructions, there
are no other prohibitions. In fact, patients may
be given the plaster strips to take home, after
teaching them and a member from their family
the correct way to apply the sticking plaster
strips.22 This technique is very useful, particu-
larly in the field. This useful mode of treating
plantar ulcers, was first discussed in connec-
tion with venous ulcers by Gilje in 1948 and
applied successfully to treat burn wounds and
popularised for use in ulcers in leprosy in the
late ’70s and early ’80s by Stenstrøm.30,57,60 It
was described originally by Paul in Sri Lanka
for treating ulcers in leprosy patients in the
1930s!32

Under treatment, using the sticking plaster
technique, the ulcer undergoes autolytic
debridement and it heals completely, in the
moist environment, in three to eight weeks.

The delicate epithelium covering the newly
formed scar needs to be protected  (with stick-
ing plaster, cotton wool and bandage) for
another three weeks or so before exposing it to
direct weight bearing in footwear. 

Use of skin grafts
Healing of large (>20 mm) simple ulcers is sig-
nificantly hastened by covering them with
split-thickness skin grafts (medium-thickness,
preferably from the instep), after cleaning them
up and scraping them. The graft takes in two
weeks, but it should be protected for another
three to four weeks. Even if the graft does not
take, it serves as the perfect dressing for the
raw area and the ulcer heals under it. It should
be noted that there is great shearing strain at
the graft-skin junction because of the difference
in the thickness of the two structures and this
junction dehisces in course of time. Therefore,
it is best to replace the split-thickness graft at
the earliest opportunity with a full-thickness
skin graft, taken preferably from the dorsum of
the foot. 

Innumerable methods of treating plantar
ulcers are found in medical literature, ranging
from local use of a variety of antibiotics, anti-
septic agents, vitamins, other chemical, biolog-
ical and plant extracts, anti leprosy drugs and
their derivatives, vasodilators, surgery for
improving blood flow in the foot to stretching
and surgery on the posterior tibial nerve and
perineural injections of vasodilators and other
chemicals, magnetotherapy and homeopathy
all claiming good results.8,38,39 For a critique of
such practices readers may consult the papers
by Price and Srinivasan.36,37,54 Evidently, if any
attention is paid to the ulcer, it will usually
heal.

We must bring home to the patient that
healing is only one stage in the natural history
of the ulcer, the next stage being recurrence of
the ulcer, that recurrence is not inevitable and
that the patient’s efforts are needed to achieve
that. Therefore, the patient’s responsibility to
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take care of the foot does not diminish or disap-
pear with getting the ulcer healed. In fact it
increases and it becomes even more important
that he/she should continue to use protective
footwear (indoor as well as outdoor) besides
taking other protective foot-care measures.
Otherwise, the ulcer is most likely to recur and
each bout of recurrence makes it that much
more difficult to heal it subsequently.

Management of (Chronic) Complicated
Ulcer
One reason for the non-healing of an ulcer is
the presence of a complication. The most com-
mon complication is the continued presence of
a focus of non-specific infection in a deeper
structure, which has become infected from the
ulcer. Healing is significantly retarded when a
sufficient bacterial load (>105 bacteria per
gram of tissue) is present. Breakdown of the
wound and delayed healing occur when there
is ‘invasive infection, not just colonization of
the ulcer’. The non-specific infection may thus
persist in an underlying bone or joint or
improperly drained tendon sheath or soft tis-
sue space. This deep site of infection communi-
cates with the exterior through one or more
sinus tracks and the wound gets constantly re-
infected from the deep pocket. The infection
destroys the epithelium, effectively preventing
healing of the ulcer. It is evident that we can get
the ulcer to heal only if we get rid of the deep
focus of infection and this is achieved through
surgical debridement. One should attempt to
locate the focus of infection by careful clinical
examination, systematically examining the
whole foot, not just the ulcer site, and all the
structures likely to be involved such as bones,
joints, tendon sheaths and plantar tissue
spaces. Radiographic examination is equally
important and that should always be done
without fail.

Debridement
In the technical jargon of people working in the

field of management of chronic wounds, the
term ‘necrotic tissue’ refers to dead tissue that
looks black and is adherent to living tissue,
‘non-viable tissue’ refers to creamy white
stringy non-living tissue that is loosely adher-
ent to live tissue, ‘cleansing’ is removal of for-
eign matter from the ulcer and ‘debridement’ is
removal of non-viable tissue from the wound.
Based on the means used, ulcer debridement
has been described as autolytic, biochemical,
mechanical and sharp or surgical. 

In autolytic debridement we make use of the
body’s own ability to digest and dissolve non-
viable tissue. Occlusive and semi-occlusive
dressings, left in place for a few days allow
accumulation of the exudates from the wound
and permit concentration of white cells,
enzymes like elastase and growth factors
which help clearance of the necrotic material
and promote healing. In adopting plaster of
Paris casting and using the sticking plaster
technique of dressing chronic ulcers, we are
using autolytic debridement to get the ulcer
healed.

Biochemical debridement is achieved by
using enzymes to digest and dissolve the non-
viable tissue. This is particularly useful in sites
that are difficult to access for sharp or surgical
debridement.

Mechanical debridement is achieved by
using the so-called ‘wet-to-dry dressing’ tech-
nique. A moist coarse-meshed gauze is used to
cover the wound and it is allowed to dry. Later
when the gauze is ripped off, necrotic tissue
adherent to the gauze comes off along with the
gauze.

In sharp or surgical debridement the necrotic
tissue is removed by sharp dissection using
knife and scissors.

Those specialising in treating chronic ulcers,
especially burns, decubiti (bed sores) and
chronic venous stasis ulcers in the leg have
developed the above terminology. Leprosy
workers do not make such fine distinctions in
terminology while dealing with plantar ulcers.
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Generally, ‘biochemical’ and ‘mechanical
debridement’ are not used in leprosy.  We use
the word ‘cleansing’ to refer to non-surgical
methods of cleaning up an ulcer.
“Debridement” is used more as in the context
of acute traumatic wounds to denote surgical
cleaning of the ulcer to get rid of all dead and
doubtfully viable tissue and hopelessly infect-
ed tissue as well as any foreign matter that may
be present in the ulcer. 

Surgical debridement. A chronic ulcer devel-
ops a micro-environment that is hostile to
wound healing and different from that of an
acute wound.66,67 The exudates have a dimin-
ished amount of growth factors and the
macrophages are less responsive to carry out
repair due to senescence, proteolytic activity is
increased and there is bacterial contamination
in these wounds.58,65 All these factors adversely
affect wound healing. Furthermore, necrotic
tissue is a very good medium for bacterial
growth; and the persistent inflammatory activ-
ity that results delays the healing process, pre-
venting it from moving on to the next stage of
wound repair. It is logical, therefore, to elimi-
nate these hostile environmental factors by sur-
gical debridement and convert the chronic
ulcer into an acute wound that has greater
potential for healing.12

Surgical debridement is the technique of
ridding an ulcer of dead and doubtfully viable
tissue and foreign material, using surgical dis-
section in order to achieve healing of the ulcer.
This is not a bedside procedure like “scraping
the ulcer”. During the procedure, every part of
the ulcer is systematically attended to as
described below.

Ulcer margin. Excise a thin (ca. 1 to 1.5 mm)
rim of the edge of the ulcer cleanly using a size
10 or 11 blade knife to get a freely bleeding
edge for the ulcer; and thin the thickened and
hyperkeratotic margins of the ulcer by tangen-
tially shaving off the superficial layers of the
skin, using size 10 blade knife.

Floor of the ulcer. Curette the floor of the

ulcer thoroughly using a sharp Volkmann’s
curette or the sharp edge of a curved periosteal
elevator, removing in the process all dead and
devitalised tissue and unhealthy granulation as
well as any foreign matter like grit, sand parti-
cles, thorns and splinters. Control any bleeding
with hot gauze packs. The base of the ulcer is
now exposed.

Base of the ulcer: Examine the base of the ulcer
visually and by probing carefully for openings
of sinus tracks, curette the sinus tracks thor-
oughly and fully lay them open. Search the
deep ends of the sinus tracks for pent up pock-
ets of infection like abscess cavities in bones,
joint spaces, tendon sheaths and tissue spaces.
These are thoroughly curetted and spiky or
rough bone ends are trimmed. Infected tendon
sheaths should be curetted in their entirety and
proper drainage ensured by appropriate and
adequate counter incisions. In the process of
dealing with the base of the ulcer, remove all
badly infected soft tissue as well as pieces of
sequestra and small grains of dead bone (‘bone
sand’) and the rough surfaces of infected ends
of bones. In the case of ulcers under the head of
the first metatarsal, if found infected and
deformed, one should not hesitate to excise the
concerned sesamoid bone(s) in toto. At the
same time, one should be careful not to remove
too much of normal and near normal tissue in
the process of debridement. The guiding prin-
ciple in carrying out surgical debridement is:
“Ruthless excision of all dead and devitalised tissue,
but careful conservation of all healthy tissue”. At
the end of the procedure, a badly draining
deep ulcer with infected sinuses and deep foci
of infection will have been converted into a
healthily bleeding, freely draining, clean and
comparatively shallow wound. 

Counter incisions: Wherever felt necessary, one
should not hesitate to make adequate counter
incisions in order to ensure free drainage.
Counter incisions are usually needed over the
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dorsum of the foot, sometimes along the sides
of a toe or the foot, over the proximal part of a
tendon sheath, below the ankle or in the region
of the tarsal tunnel for draining infected long
flexor tendon sheaths.

Dressings: After completing surgical debride-
ment, the wound is dressed with one layer of
Vaseline (petroleum jelly) gauze overlaid with
pledgets of moist gauze (in order to eliminate
dead space between the wound and the
Vaseline gauze), and covered with bulky gauze
dressing. The wound is subsequently dressed

once a day for a few days and when the dis-
charge from the wound becomes mere blood
staining of the gauze, the limb is encased in a
below-the-knee plaster of Paris cast. The cast is
retained for at least six weeks. In most cases the
wound would have healed by that time. If not,
another plaster cast may be applied and
retained for another four weeks or longer
depending on the state of the residual ulcer. If
it is a small, superficial and healing wound we
may use the sticking plaster technique
described earlier without resorting to a cum-
bersome plaster cast.
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A summary of the management of plantar
ulcers is shown in Figure 15-14. While it does
not include all contingencies, it shows the
major approaches to the management of plan-
tar ulcers. It should also be noted that, in order
to avoid complicating the chart further, it does
not cover the problem of recurrent plantar
ulceration and occasional complications like
malignant degeneration.

Other complicating factors 
Sometimes, some other feature besides local
spread of non-specific infection complicates the
situation. The complicating factors include
neoplastic degeneration, septicæmia, clostridi-
al infections and deep fungal (and pseudofun-
gal) infection.

Neoplastic degeneration. Chronic ulcers are
known to undergo malignant transformation
and plantar ulcers are no exception. It is not a
very common occurrence and probably not
more than 1 to 2 % of plantar ulcers seen in a
leprosy hospital will be malignant. Malignant
plantar ulcers usually present as ‘cauliflower
growths’ (CFGs), which are proliferative fun-
gating lesions developing in a fairly long-
standing ulcer of a few years’ duration (see
Chapter 18).40,42 

Septicæmia. In patients debilitated by inani-
tion, or, in the concomitant presence of debili-
tating conditions like diabetes or tuberculosis,
generalised septicaemia may develop. The con-
dition must be treated promptly and aggres-
sively with parenteral antibiotics and support-
ive measures, as emergency. Surgery is limited
to necessary drainage and debridement proce-
dures only.

Deep fungal infection. Occasionally, the plan-
tar ulcer is complicated by concomitant devel-
opment of mycetoma (‘Madura foot’) due to
deep (subcutaneous) fungal or pseudofungal
infection such as actinomycetes and Nocardia.
Considering that chronic plantar ulcers pro-
vide excellent opportunities for infection by

these organisms, such infections are surprising-
ly rare and only a few case reports are found in
the literature.18,21 In view of its infrequency,
there is not enough published information to
suggest which one, the mycetoma or the plan-
tar ulcer, is usually the primary lesion and even
whether they are related to one another at all. It
should also be mentioned that heel ulcers pre-
senting with chronically infected calcaneum
and gross thickening of the bone, fibrosis of
soft tissue and multiple sinuses around the heel
area, clinically indistinguishable from myce-
toma, are far more common than mycetomas.
In these cases, the diagnosis of mycetoma must
be established by diligent search for fungal
colonies (white, yellow or black “granules’) in
the discharges and scrapings from sinuses or
by biopsies of deeper tissues. 

Prolonged antibiotic therapy and anti fun-
gal medication, for at least six to ten months,
combined with repeated debridement of sinus-
es and abscess cavities in the bones and soft tis-
sues are required for getting rid of these infec-
tions. 

Clostridial Infection. A chronic wound, espe-
cially in the foot, is always in danger of infec-
tion with clostridia, especially with C. tetani,
but the patient rarely develops local or even
general tetanus. Occasionally, gas gangrene
may supervene. The patient is in a state of
toxæmia and collapse and the condition is
characterized by severe toxæmia, swelling of
the part, crepitus in the subcutaneous tissue
and muscles and translucent areas delineating
muscles and tissue planes in the radiograph.
There is thin bloody discharge from the ulcer
and necrotic patches in the limb. While swabs
are taken for bacteriological diagnosis, one
does not wait for the results to start treatment.
Treatment is started on clinical diagnosis. This
is a surgical emergency carrying a grave prog-
nosis and calls for emergency amputation,
aggressive administration of antibiotics and
supportive therapy.
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Management of Recurrent Plantar Ulcers
Recurrence of plantar ulceration is so common
a feature that it is “normally” expected to
occur. Most people would consider healing as
just one stage in the natural history of the ulcer,
the next being its recurrence. This is a defeatist
view, which could have been valid half a centu-
ry ago, but not now. It should be emphasised
that recurrent ulceration is a preventable condi-
tion in almost all instances if the problem is
tackled rationally, diligently and with opti-
mism, applying practices of orthopædics, podi-
atry and plastic surgery. We should also
remember that management of plantar ulcera-
tion always has two aims: (a) an immediate aim
to get the ulcer healed, and (b) a long-term aim,
to ensure that it does not recur.

Recurrent plantar ulcers are of two general
types: 1. those that recur because the affected
person has not taken normal precautionary
preventive measures, and 2. those that recur
despite adequate precautionary measures.
Most of them belong to the first category and,
for their prevention, they require diligent prac-
tice of ulcer-preventive practices by the affect-
ed persons. However, in a small proportion of
patients, the ulcer has already recurred a num-
ber of times (because of earlier negligence) and
the tissues have suffered such severe damage
that ordinary or standard preventive measures
are inadequate to prevent recurrence. This type
of recurrent ulcers needs additional measures,
by way of surgery and/or special footwear,
besides standard foot-care practices for their
prevention.56 These are the ’true recurrent
ulcers’ and their management is discussed in
this section.

Causes of recurrent ulceration
Plantar ulcers recur for the following four rea-
sons: 

1. The original causes continue to operate. The
conditions that originally contributed to the

development of the ulcer continue to be pre-
sent. They are: denervation and consequent
insensibility and dryness of plantar skin, with
or without plantar intrinsic muscle paralysis,
combined with unprotected and unlimited use
of the feet. If normal plantar tissue, structured
to withstand walking strains, gave way under
these conditions originally, it is not surprising
that scar tissue, which is not structured to with-
stand walking strains, gives way again and
again. This is the first kind of recurrent ulcer
mentioned earlier. The remedy here is to follow
ulcer-preventive foot-care practices, including
the use of appropriate protective footwear, dili-
gently.

2. The scar tissue is of poor quality: Because of
repeated bouts of ulceration and healing the
scar at that site becomes dense, brittle,
ischæmic and unstable, ready to breakdown
even under conditions of less than normal
loading. In some feet, the scar is of such poor
quality that taking literally half a dozen steps,
even with protective footwear, is sufficient to
make it breakdown and cause recurrence of the
ulcer. The remedy here is to improve the quali-
ty of load-bearing tissue, by tissue replace-
ment, or, protect the scar, by some means, pre-
venting the load falling on the scar.

3. The scar is loaded excessively. The scar tis-
sue that replaces the normal, finely loculated,
subcutaneous fat layer lacks the latter’s
springiness and shock-absorbing cushioning
effect. Repeated infection or neuropathic bone
disintegration may distort the local anatomy by
destroying local structures, and these changes
result in excessive loading of the scar tissue.
This, inevitably, causes early breakdown of the
scar and recurrence of ulcer. The remedy here is
to protect the scar by modifications in the
footwear or by surgically realigning anatomical
structures such that the scar is relieved of much
if not the entire load.
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4. There is a periodic flare up of infection.
Lastly, as with infection in the larger bones,
infection in the bones of the foot also tends to
persist and flare up periodically, with opening
up of old sinuses and ulcers and formation of
new ones. This kind of acute-on-chronic osteitis
happens particularly in feet with infection of
the calcaneum or some other major tarsal bone
like the cuboid, sometimes in feet with infec-
tion of the metatarsal head. Often a minor
injury triggers the episode, most probably by
producing a local hæmatoma, which would
permit an invasive proliferation of the
pathogenic organism. The remedy for prevent-
ing recurrence of ulcers from this cause is to
eradicate the infection with aggressive treat-
ment using all available methods viz., cleans-
ing, repeated surgical debridement and ade-
quate use of effective antibiotics. Occasionally,
one may have to resort to radical surgery to get
rid of the infected focus. Thus, subtotal resec-
tion of the calcaneum (excising much of the
body of the calcaneum, leaving behind only the
talo-calcaneal joints with some bone under-
neath) has been found very useful to eliminate
the hopelessly infected sclerotic bone not
amenable to antibiotic therapy.52 After this pro-
cedure, the patient can walk with any type of
footwear in which the heel is built up and cush-
ioned.

We can avoid recurrent ulcers by a) having
the patient diligently practising foot-care pro-
cedures including constant use of appropriate
protective footwear and b) eradication of infec-
tion locally. If the ulcers still recur, the foot is
evaluated afresh and, depending on the local
condition, c) replacement of the scar with bet-
ter quality tissue and, d) use of surgical and
non-surgical measures to relieve the load on
the scar will help prevent recurrence of these
ulcers.

Foot-care (see also Appendix  C)
The denervated feet of affected persons are
substandard structures, both structurally and

functionally, and they require special care mea-
sures to maintain their integrity without which
they will invariably breakdown. The dry,
anhidrotic and insensitive plantar skin (sole)
should be cared for properly to avoid develop-
ment of cracks and fissures, which are precur-
sors to ulcers. Further, in many leprosy-affect-
ed persons, the foot is structurally weakened
because of muscle paralysis and walking with
such weakened feet without protective
footwear damages the plantar tissues, especial-
ly the subcutaneous fatty layer that acts as
shock-absorbing cushion, and causes ulcera-
tion. Therefore, we need 1. ‘skin care’ practices
to keep the skin intact and avoid it breaking
up, and 2. ‘walking–care’ practices to permit
walking without exposing the foot to the dan-
ger of ulceration.

1. ‘Skin care’ practices have two different
aims: a) keeping the skin soft and supple.
Otherwise the denervated, dry skin develops
cracks which become portals of entry of infec-
tion leading to ulceration; and, b) protecting
the insensitive skin from being wounded from
without. The first aim of keeping the sole soft
and supple is achieved by the procedure of
daily soaking, scrubbing and smearing with
oil. The foot is soaked in soapy water or saline
for ten minutes, the sole is scrubbed with a
pumice stone or any similar object with a
rough surface to scrape off superficial keratin
layers, washed, mopped to remove the excess
moisture and smeared with some oil, prefer-
ably one which will not attract ants and other
vermin (e.g., neem (margosa) oil or castor oil).
This procedure should become a daily habit,
like brushing one’s teeth. If the patient can
afford it, moisturising lotions could be used,
though this is less effective than soaking and
oiling. The second aim of preventing wound-
ing of the sole (by nails, thorns, sharp stones or
hot surfaces) is achieved by using footwear
with tough soles. Such footwear should be
worn, preferably all the time one is on one’s
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feet or, at least every time the person goes out
of the house, and not just on some special occa-
sions (like going to the weekly village fair or
going to the town for seeing a cinema), as is the
habit with some people. While leprosy institu-
tions provide their clients footwear with tyre
soles for this purpose (because of considera-
tions of cost), those who can afford it can use
commercially available modern, lightweight,
durable and tough soles made of synthetic
material. While plantar skin is protected by
footwear, using gloves when handling hot or
rough objects protects palmar skin. This topic is
dealt with in detail elsewhere.55

2. Reduction of walking strains. The second
aim of protecting the feet from walking strains
is achieved by two strategies namely: a) reduc-
ing the duration of walking, avoiding walking
long distances and using a vehicle if one has to
do so; and b) using appropriate protective
footwear (with suitable modifications and
inserts depending on the local condition of the
foot) in order to reduce the strains on the feet
during walking. 

When the foot is merely anaesthetic, as
mentioned earlier, the foot only needs to be
protected from being injured from without and
this is achieved by having a tough outer sole to
the footwear. Where there is plantar intrinsic
muscle paralysis in addition, a shock-absorb-
ing, pressure-reducing modification is needed
and this is achieved by the addition of a soft
springy insole to the footwear. Microcellular
rubber (MCR) that will mimic the action of the
normal subcutaneous layer in the sole of the
foot is the material most often used for this
purpose. The average hardness of the normal
(unscarred) human sole is about 20 shore ‘A’
(personal observation in South Indian patients
who were not using footwear as a routine).
MCR of similar, or preferably slightly less (say,
15 shore A), hardness is to be used in the rou-
tine footwear intended for leprosy affected per-
sons having plantar intrinsic muscle paralysis

besides loss of sensibility in the sole. If the foot
has already had ulcers, the scar may be protect-
ed by additional modifications such as a rigid
sole-rocker, metatarsal bar, extended heel or
arch support (Chapter 17).

Improving quality of scarred site 
Durability of the scarred weight-bearing site is
obtained by replacing the unstable scar with
tissue of better quality, or by shifting the scar to
a non-weight-bearing locale. Figure 15-15 lists

the common methods of achieving this aim.
Where feasible the scar is excised, the

wound edges are undermined and the wound
is closed by direct suturing. If possible, a sub-
cutaneous fat flap may be interposed between
the scar and the deeper tissues in order to
improve the shock-absorbing quality of the
weight-bearing site.46

When closure by excision and re- suture is
not feasible, skin grafting may be done to cover
the raw area. Depending on the local condition,
we may use split-thickness or full-thickness
skin graft. Split-thickness graft may be taken
from the sole itself, from a non weight-bearing
area like the instep. The dorsum of the foot is a
good donor site for full-thickness skin graft in
the sole of the foot. 

Use of local flaps. Using a local flap,
mobilised from around the ulcer may be a bet-
ter way to cover the raw area resulting from
excision of the scar. This has the advantage of
providing tissue very similar to the one that
was lost due to ulceration. Small to medium
sized unstable adherent scars in the middle of
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Scar excision and wound closure by:

Suture or skin graft
Local flap or distant flap
Island pedicle flap or free flap, or,
Shifting scar to non-weight-bearing site 

FIGURE 15-15  Means of improving scar sites.



the heel are so excised as to give an antero-pos-
teriorly oriented oval or lens-shaped wound.
This wound is then closed by raising two buck-
et-handle flaps from the two sides of the central
wound, by making two release incisions, one
on each side of the lateral margin of the heel,
and suturing them together to provide a linear
scar in place of the earlier unstable broad scar
(Fig. 15-17). 

The release incisions made for raising the

bucket handle flaps should be longer than the
central wound in order to ensure tension-free
closure.50 An adherent and unstable scar under
a metatarsal head may be excised and closed in
his manner except that here the wound created
by excising the ulcer is transversely oriented
and the release incision (which should be
longer than the wound to be closed) is also
made transversely, about 20 mm to 25 mm
anterior to the wound, just a few millimetres
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FIGURE 15-16  Improving scar site. Schematic illustration of the procedure: Interposition of subcuta-
neous fat flap between bone and skin combined with bumpectomy to reduce load on scar in heel. A. a)
incision for exposure. b) level of bump excision. c) incision for mobilising subcutaneous fat flap.
B. Following completion of the procedure.

Figure 15-17 Scar excision and skin closure in heel using a bi-pedicle (buckle handle) flap
A. Scar in heel and incision for excising the scar  B. Scar excised; incisions in the margins of the heel for
mobilising bi-pedicle flaps. These incisions should be longer than the gap in the skin and should be made
in the non weightbearing area  C. Bucket handle flaps mobilised and central gap closed without tension to
provide a linear (and stable) scar in place of the broad, adherent (and unstable) scar.

(A) (B)
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(A) (B) (C)



proximal to the creases at the bases of the toes.  
Another way of raising a local flap of good

quality to replace a scar is to fillet a toe  (i.e.,
remove all the remnants of phalanges in the toe
leaving behind only the soft tissue) and use the
now available skin of the toe for closing the
raw area created by excising the unstable scar
(Chapter 16). This procedure is indicated when
the unstable scar is located under the head of a
metatarsal, whose toe (or its neighbour) has
become a functionless flail appendage and a
positive nuisance while wearing footwear
because of previous ulceration. Instead of
amputating and discarding such a toe, it may
be filleted and the soft tissue used for scar
replacement as mentioned above. 

We may also use a rotation flap to cover the
raw area resulting from excision of an unstable
scar. The scar is excised using a triangular inci-
sion and one side of the triangle is extended as
a widely sweeping curve. A back cut of ade-
quate length is made, sufficient to mobilise the
flap to fully cover the wound created by scar
excision but not so long as to endanger the
blood supply of the flap. The flap is rotated to
cover the raw area and sutured, using, if neces-
sary, a free skin graft to cover any raw area in
the region of the back cut.

The local flaps mentioned thus far are with-
in the capabilities of a competent surgeon inter-
ested in this kind of surgery. There are other
flaps, local and distant, like artery pedicled
island flaps and composite (free) flaps, which
have been found useful in dealing with recur-
rent ulceration, but they require specialist
(plastic / microvascular) surgical expertise
(Chapter 16).23-27

Shifting scar to non weight-bearing site. When
the ball of the foot is badly scarred and normal
protective precautions by way of foot-care and
walking-care, including modifications in the
footwear, are unable to prevent the breakdown

of the scar, one may resort to diverting the
body weight away from the scar (e.g., patellar
tendon bearing (PTB) orthosis), or, diverting
the scar out of the way of body weight. We may
achieve the second aim by doing a trans-
metatarsal amputation (bone section just distal
to the bases of the metatarsal bones) and clos-
ing the wound using a long plantar flap incor-
porating the unstable scar near its distal end.
When the flap is turned over to cover the
wound, the scar is automatically shifted to the
dorsum or the front end of the foot, escaping
weight-bearing, and weight is now borne by

normally structured plantar tissue (Fig. 15-18).

Reducing stress on the scar
Another reason for frequent recurrence of the
plantar ulcer is that the scar, which is already of
poor quality, is further subjected to excessive
stress during walking. The site of excessive
stress and its relation to the scar may be
demonstrated by taking footprints, preferably
using a Harris mat, but they can be taken even
without it. The scar may be relieved of exces-
sive stress by introducing modifications in the
footwear or by surgery (Chapter 16, 17).
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FIGURE 15-18  Transmetatarsal amputation for
preventing recurrent forefoot ulceration.
a. Grossly deformed toes and unstable and adher-
ent forefoot scar. Interrupted line shows skin inci-
sion to give a long plantar flap. Dotted line shows
the level of bone section, preserving the proximal
one-inch of the metatarsal.
b. Amputation completed. Note suture line is on
the dorsal side and the scar has been shifted to a
non-weightbearing site of the foot.

(a) (b)



CONCLUSION
It should be made clear that there are no set
solutions, like cookery recipes, telling us what
to do for a given ulcer, because each foot, and
each ulcer in a given foot, has a unique history
and morbid anatomy of its own. Nevertheless,
with the knowledge of the varieties and pat-
terns of stress and loading that a foot is subject
to during standing and walking, one can work
out a solution for relieving the particular stress
in the given case. This means that one should
examine the foot very carefully, and study each
ulcer in that foot, develop a plausible hypothe-
sis about how the ulcer is stressed during
standing and walking and, work out a method
of eliminating that stress based on that hypoth-
esis.48,51 The following case summaries illus-
trate this approach.

CASE 1. PRN (male, 37 years). Problem:
Frequently breaking down ulcer in the region
of proximal phalanx (area between the two dig-
ital creases on the plantar surface) of right big
toe. Ulcer starts as a crack in the old scar, and
the crack widens into an ulcer. No involvement
of bone or tendon sheath or chronic local infec-
tion. Plantar anaesthesia present. No plantar
intrinsic paralysis. Hypothesis: The relatively
unyielding scar gets unduly stretched during
walking causing it to breakdown. Proposed
solutions:  1. Replace scar with tissue that can
stretch better or, 2) eliminate the stretching
stress by making the plantar tissues of the big
toe lax, by shortening the skeleton of the toe.

The second solution was adopted and excis-
ing the distal half of the proximal phalanx
shortened the toe. Follow-up 18 months later
showed no recurrence of the ulcer.   

CASE 2. RK (male, 28 years). Problem:
Frequently recurring ulcer in left foot under
3rd metatarsal head (MTH). Originally started
as an area of hyperkeratosis under MTH 3,

which broke down and developed into an
ulcer. No underlying deep infection. Footprint
shows very high pressure under MTH 3.
Plantar anaesthesia present, no plantar intrin-
sic paralysis. Hypothesis: Head of 3rd MT
wedge shaped giving rise to high pressure
under this MTH. Proposed solution: Duvries’
condylectomy (through a dorsal approach, tan-
gential excision of the undersurface of the
MTH making it flat (instead of being wedge
shaped) and thus enlarging the weight-bearing
area many times). 

This was done. Follow-up 11 months later
showed no recurrence. Footprint showed no
high-pressure sites.

CASE 3. RM (male, 35 years). Problem:
Recurrent ulceration of terminal pad of 2nd toe
(left foot). Earlier had ulcer of big toe pad and
during one episode of severe infection the big
toe was removed. Second toe ulceration started
some months later. Ulcer over pulp (terminal
pad) of 2nd toe with no bony involvement and
no big toe. Second toe much longer than the
others. Anaesthesia medial half of sole with
paralysis of muscles supplied by medial plan-
tar nerve. Walking footprint shows dragging of
tip of 2nd toe with high pressure. Hypothesis:
In the absence of big toe, tip of the 2nd toe
bears most of the stress of transfer of load from
the foot. Proposed solution: Shorten the 2nd toe
so that it is level with the others so that all four
toes share walking stresses and reduce that on
the 2nd toe. 

This was done by excising the middle pha-
lanx of the 2nd toe. Follow-up one year later
showed an ulcer-free 2nd toe.

CASE 4. MS (male, 19 years). Problem:
Frequently recurring ulcer under first MTH
(right foot). Started with ulcer under MTH3
many years ago followed later by ulceration
under MTH 1. Foot shows a deep cleft under
MTH3, dorsal migration of 2nd and 3rd toes,
and severe secondary hallux valgus with thin
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adherent scar under MTH1. The 1st MTH ulcer
heals without difficulty, but recurs promptly on
walking (with protective footwear) even for a
day or so. Footprint shows high-pressure area
under MTH1. Hypothesis: Repeated ulceration
led to loss of head and distal shafts of 2nd and
3rd metatarsals with shortening of these rays
and dorsal migration of the central toes fol-
lowed by hallux valgus because of loss of later-
al support to big toe. Hallux valgus rendered
the big toe useless permitting severe overload-
ing under MTH1. Proposed solution: Correct
hallux valgus, release the dorsal scar and bring
the toes forward and retain them in that posi-
tion by fusing the 2nd toe with the big toe and
3rd toe with the 4th (surgical syndactylia). 

This was done. Seen eight months later, the
foot was ulcer-free. 

CASE 5. VKR (male, 28 years).  Problem:
Recurrent ulceration under 3rd and 4th MTH
for the last seven years. Ulcer recurs despite
protective footwear and foot-care practices.
End-on (frontal) view of non weight-bearing
foot shows severe ‘reversal of the distal trans-
verse metatarsal arch’ (the metatarsal heads
describe an arch with convexity towards the
ground). Third degree clawing of 2nd, 3rd and
4th toes (flexion contracture of PIP joint, dorsal
migration of toe with the base of proximal pha-
lanx of the toe resting on the neck of its
metatarsal and the MTH can be felt in the sole,
like a pebble just under the skin). Walking foot-
print shows high pressure area under 2nd, 3rd
and 4th MTH’s. Hypothesis: Because of the 3rd
degree claw deformity, the concerned MTH is
pushed down by the PP of the toe during walk-
ing (during contraction of FDL and EDL mus-
cles). Proposed solution: Reduce the disloca-
tion of MTP joints, re-position the toes to lie in
front of their MTH’s instead of lying on top of
them, straighten the toes and lift up the “fall-
en” metatarsal heads by transplanting con-
cerned EDL tendons to the necks of their

respective metatarsals (proximalization of
EDL). 

This was done through a dorsal approach.
Follow-up for five years showed no recurrence
of the ulcer.

CASE 6.  M (female, 31 years).  Problem:
Recurrent ulcer in middle of left heel. Adherent
scar in the middle of the heel with a bony mass
just under the scar. X-ray with marker over the
scar shows abnormally prominent calcaneal
tubercle directly above the scar. Hypothesis:
Scar breaks down due to excessive shearing
and compression during walking. Proposed
solution: Convert broad adherent scar into thin
linear scar-by-scar excision and resuture and
enlarge bony weight-bearing surface by excis-
ing the bossy calcaneal tubercles to provide a
larger, flat surface. If feasible, interpose
between bone and scar, a local fat flap mobi-
lized from one side. 

This, including fat flap interposition, was
done. Seen 14 months later, the ulcer had not
recurred.

CASE 7. JM (male, 57 years).  Problem:
Recurrent ulceration of both heels for many
years, despite use of protective footwear and
practicing foot-care. Has sound scar in mid
heel. Ulcer found in anterior heel area. X-ray
(with marker over ulcer) shows secondary cal-
caneus recurvatus deformity (“boat-shaped
calcaneum”) with ulcer under the front end of
calcaneum. Subtalar articulation is intact. It is
this ulcer that keeps recurring now.
Hypothesis: The posterior pillar of longitudinal
plantar arch has been lost because of the bony
deformity. Therefore, during heel strike, the
front end of calcaneum hits the ground and this
is the reason for recurrent ulceration under
front end of heel. Proposed solution: Restore
posterior pillar to produce normal heel strike.
This was done by doing a displacement
osteotomy of calcaneum. Seen 18 years later,
the heel was ulcer-free. 
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It should be evident from the above illustra-
tive case summaries that a plantar scar may be
overloaded due to dynamic and/or static
stresses, because of obvious, or not so obvious
or even occult, anatomical abnormalities (e.g.,
talipes, congenital varus 5th toe and wedge
shaped MTH respectively). Our experience
shows that it is worth taking the trouble and
spending time to identify the exact cause of
recurrence and eliminate it. The expertise
required is eclectic and techniques from the
disciplines of orthopædics and plastic surgery
are needed for surgery in this field.
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