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I ntroduction 

The problems of plantar  ulcer in leprosy incl ude why it  occurs in 
the first place, why it res ists s imple t reatment, and why i t  often recurs 
after heal ing. At the moment we do not know the answer to any of 
these quest ions ,  though there have been several suggest ions on which 
different types of t reatment have been based . 

I n  this paper we summarise the known facts about plantar 
ulcerat ion i n  leprosy and then discuss various theories of their 
causat ion ,  and finally suggest a modified etiology which corresponds 
to  cli n ical observations and which wil l  serve as a basis of t reatment ,  
and protect ion against relapse. 

Similar ulcers occur in the neuropathic foot of diabetes, though in 
this there is  often a vascular disturbance which i s  absen t  in leprosy. 
OATLEY, et af. ( 1 956) 1 summarised current  views on the etiology of 
t hese diabetic lesions of the feet, and gave cl in ical photographs of 
plantar ulcers which appear ident ical with those of leprosy. 

Accepted Facts about Plantar Ulcers in Leprosy 

I .  The ulcer occurs on an anaesthetic sole 
The sk in on which a plantar ulcer occurs i s  always anaesthetic. 

The relation of u lceration to deep sensation i s  less clear. Deep ulcers 
may be either painfu l  or pain less, and surgical in tervention can some
times be undertaken in the deep t i ssues without the induction of 
anaesthesia. 

We studied a recen t  series of cases in an attempt to correlate t he 
occurrence of plantar ulcers wi th the state of deep sensat ion, using 
the presence or absence of jo int  sensation as an indicator of the 
in tegrity of deep sensibi l i ty .  The subject appreciates the posit ion of a 
joint  by means of sensation transmitted from t he jo int  itself and from 
t he sk in ,  and sensory mechanisms from tendons and muscles play 
no part in it (HARRISON, 1 9582). Nevertheless, some of our patients 
obviously did estimate the posit ion of the join t  by contracting the 
flexor and extensor muscles i n  alternation,  and calculat ing the position 
of the joint from the varying tensions. However this i s  not true joint  
sense. We used the big toe to  test  the first  metatarso-phalangeal 
joint,  because t he toe is easy to handle, and plantar ulcers are common 
over this joint. We had also noted that normal barefooted vil lagers 
are aware of the posit ion of the big toe when t hey are not always 
clear about the posit ion of their lateral toes . 
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We tested 50 consecut ive cases in this way, and found no correla
tion between the presence of ulcerat ion over the first metatarso
phalangeal joint and the presence or absence of posit ion-sense i n  
t h e  joint itself. However s imilar observat ions on  a series o f  new ulcers 
might reveal significant facts. The present series included cases of 
varying duration, and i t  may well be that joint-sense was absent at 
the period when the u lcer occurred . I t  is also possible t hat deep 
sensation may be absent in soft t issues when joint-sense is  intact ,  
which is a relation difficult to establish cl in ical ly. We have found no 
references in the literature to observations of this sort ,  and it cal ls 
for investigation by those who deal with such cases . 
2. Some anaesthetic soles never ulcerate at any period 

This fact is related to the previous one, and is stated separately 
because 'study of deep sensation in non-ulcerated soles may help us to 
understand the problem, and will play a part in plans to provide 
su itable footwear for the protection of anaesthetic feet in leprosy 
patients. I t  would be a most helpful advance if we could know which 
feet are l ikely to ulcerate and which not .  
3 .  Ulcers occur on the pressure-bearing areas of the sole 

This is t rue of the undeformed foot .  I n  a foot muti lated by 
advanced infect ion or by surgical intervent ion,  u lceration wil l  occur 
wherever the pressures are maximal . A part from these latter cases, 
all plantar ulcers can be plotted on a t racing of the walking footprint 
(see drawings i n  Fig. 2 of the Mechanics of the Foot in Relation to 
Plantar U lcers, Lep. Rev. 30, 2 :  A pril ,  1 959, facing p .  1 0 1 ) . This does 
not apply to the standing footprint ,  in  which the pressure areas 
i nclude only the heel and metatarsal pads .  The t ips of the toes may 
leave an imprint ,  but in the standing foot are not pressure-bearing 
areas, nor i s  the area under the interphalangeal joint of the big toe. 
Both t hese latter are common sites for plantar ulceration .  
4.  A Plantar ulcer will heal with bed rest, or ff immobilized in a 

walking plaster cast 
I t  has long been known that plantar ulcers wi l l  heal if the patient 

i s  kept off his feet long enough, and periods of four  to s ix weeks are 
adequate in  uncomplicated cases. It is also known that they will 
heal if  the foot i s  encased in a walk ing plaster cast, taking a week or 
two longer but not requ i ring complete rest in bed . If plaster cast 
immobil ization is kept up long enough, all ulcers wi l l  heal eventually 
without surgical intervention, though for feet grossly affected period 
up  to one year may be needed . 

The earliest reference to t reatment by plaster casts appears to be 
t hat of KHAN ( 1 939)3, and repeated mention has been made of its 
success since then, (MILROY PAUL, 1 9474, FISHER, 1 9555 ,  BOSE, 1 9566). 

There is a reluctance to adopt the method, which is undoubtedly due 
to the high proportion of relapses when natural walking i s  resumed . 
I t  has been suggested that the heal ing ach ieved i n  a plaster cast is due 
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to the d istribut ion of pressure over the ful l  area of the sole by a 
closely-fitt ing cast . H owever, experience of such casts makes one 
doubtfu l  whether they real ly do this for long, for most are qu ite 
loose at the end of a month and can hardly be distribut ing weight .  
I n  spite of this ,  t he  ulcer heals and  i t  seems that some other process 
promotes i t .  
5 .  A plantar ulcer o verlies a bony prominence 

Plantar ulcers are found over the following prominences i n  the 
unmutilated foot ; the metatarsal heads ; the tubercle on the base of 
the 5th metatarsal ; the· head of the proximal phalanx of t he big toe ; 
the tubercles of the calcaneus ;  the heads of the distal phalanges of 
the toes. 

It should be noted that the t ubercle on the base of the 5th  

metatarsal is a lateral projection i n  the normal foot, and only presents 
in the sole i f  there is  weak ness in  the pronators which evert t he foot . 
The head of the proximal phalanx of the big toe and the t ips of the 
toes only become bony prominences i n  the walking foot .  

Study of the mechanics of the foot  makes i t  more l ikely that the 
operative factor is  not so m uch the presence of the bony prominence 
but the points of pressure-rotation during the wal k ing roll (see 
Leprosy Review, 30, 2,  Apri l ,  1 959, p. 1 02.)  

Theories of the Etiology of Plantar Ulcers 

The l iterature does not include careful studies into the et iology 
of plantar ulcers in leprosy, and etiological t heories have to be 
deduced from the type of t reatment suggested . These theories i nclude 
t he following : 
I .  That plantar ulcers are specific lesions 

Though this has not been explicitly stated anywhere, t he local 
use of specific drugs such as chaulmoogra oil or deratives of DDS 
implies a suspicion of i t .  

In the earljer experiments of LOWE et al. ( 1 936)7, hydnocarpus 
oil was injected weekly into the base of the ulcer by a series of punc
tures, and photographs showed that the ulcer healed in six weeks .  
However, u lcers will heal spontaneously i f  weight-bearing i s  avoided 
for six weeks, and the beneficial effects may well have been due to 
the fact that walk i ng on the u lcer was made d ifficult or  impossible 
by this t reatment. The report stated that all ulcers do not respond to 
i nject ion treatment .  

In  a later series by  DHARMENDRA, e t  01. ( 1 955) 8 a derivative of  
D D S  was used locally i n  fifteen cases, with X-ray controls. Healing 
occurred in only nine of these cases after t reatment from 1 to 1 2  
months, with an average of nine months. J udging by the clinical 
descriptions, the time needed for healing i s  no less, and appears 
longer, than that associated with s imple rest or immobilization in a 
walking- cast . 
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Thus there is  l i t t le probabi l ity that plantar u lcers are specific 
les ions .  
2. That the autonomic nervous system is in volved 

Some workers have wondered whether lesiQns of the autonomic 
nervous system contribute either to the occurrence of plantar ulcer 
or to its chron icity, with particulal reference to disturbance of 
the blood supply to the part. Treatment based on this surmise would 
take note of the effect of a damaged autonomic system, or seek to 
increase the blood supply to the ulcer-bearing area in a normal 
autonomic system.  

T n  the treatment of  tropical u lcers i n  pre-antibiotic days there 
was some success from increasing the blood supply in th is  way 
( PR ICE, ] 945)9. There are few records of the use of th is  method i n  
ulcerat ion in leprosy. VrsHNEVSKY ( 1 938) 1 0  reported a series t reated 
by novocaine blockade, but concluded that the results were indefi 
nite. LElTNER ( 1 938)1 1  prepared arteriograms o f  feet amputated for 
long-standing u lceration in leprosy and found an ample blood supply 
even after long-standing i n fection and advanced destruction . 

As in  the strapping t reatment for varicose u lcers the success of 
plaster casts might be due to su pport given to the peripheral circula
t ion . To test this we treated a few cases of plantar ulcers by giving 
them a plaster sandal to wear, which did not reach above the ankle .  
The sandal had to be strapped to the foot to prevent i t  coming off, 
and i t  was difficult to  avoid rubbing the heel, but the u lcers healed i n  
much the same time a s  those which had long casts. I t  seems a s  i f  
disturbance of the autonomic system plays l i ttle part in t he  pathology 
of plantar u lceration . 
3. That trauma is the prime cause 

Infected trauma can cause an u lcer on the sole, as on the hand or 
elsewhere on the body sk in ,  but the lesion can be recognized as an 
infected cut or puncture in most cases, and we th ink i t  can be clearly 
distinguished from the chronic ulceration with which we are concerned 
here. However, COCHRANE ( 1 947) states "We believe all trophic 
u lcers commence from inju ry ;  this may be so sl ight as hardly to be 
noticed ."  He gives the impression that the trauma concerned is 
damage to the skin by an external agent. BRAND ( 1 950) 12 concludes 
that "The two factors which produce ulceration are sustained pres
sure and active inj ury. In general ,  people who wear shoes suffer 
from sustained pressure and people who walk barefoot from direct 
i njury."  

I n  order to study the relation of external trauma to plantar 
ulcers the writer examined every week for six months the feet of 
500 patients in  a leprosarium,  aided by a trained Nigerian assistant .  
We paid particular attention to the occurrence of trauma by cuts 
and pricks, etc . ,  and to  cases in  whom plantar ulceration obviously 
impended . We confirmed CoCHRANE in his observation that the 
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earliest lesions are frequently in the form of idiopathic blisters, but 
there seemed to be no connection between obvious trauma and 
subsequent plantar ulcer. The idea that the trauma may be so small  
as to escape careful regular examination also seemed wide of the mark, 
for the bl isters were observed to arise from deep t issues and follow 
a sequence at a t ime when in very many cases the skin surface was 
perfect ly  i ntact . 

The relation of superficial t rauma to plantar u lcer is not merely 
academic. Jf such trauma were real ly the i n it ial lesion i t  would be 
logical to provide protect ive footwear for all leprosy patients who 
have anaesthetic soles. Those who have experience in  providing and 
maintain ing such footwear for even a l imi ted number of patients in 
a leprosari um,  will real ise the amount of work and expense involved ; 
it would be even more difficu l t  in rural cl in ics. On the other hand, if 
external trauma only p lays a minor part ,  the provision of footwear 
can be l imited to those pat ients who are passing through the phase 
when plantar ulcer is a danger. We believe that th is  period can be 
j udged by the weekly pa l pation of the u lcer-bearing areas of 
anaesthetic soles. Only these cases are in need of protect ive footwear. 

4. That plantar pressure is a cause of plantar ulcer 
That the pressure of the weight of the body is important in pro

ducing plantar u lcers is clear, but i t  i s  not so clear how i t  acts. 
BRAND ( 1 950)1 2 believes that prolonged standing is the dangerous 
factor, stati ng " I t  is fundamental that no  patient be al lowed to stand 
for more than five minutes at a t ime". In this connection we recal l  
that pressure u lcers from the recumbency of sleep, where the  weight 
of the l imb rests on the posterior aspect of the heel or one on of the 
malleoli , are remarkably uncommon in  leprosy. It i s  also significant 
t hat the pressure distribut ion during standing in patients with 
anaesthetic soles varies rapidly from one part of the sole to another 
as the patient maintains h is  balance without the help of the sensory 
mechanism of the sole. I n  th is  the muscles of the calf and front of the 
lower leg are i n  constant movement i n  order to  maintain balance. 

5. That clawing of the toes exposes the metatarsal heads 
It is an attractive t heory that intrinsic muscle weakness is a factor 

i n  the production of plantar u lceration,  even though perforating 
ulcers have been reported in  tabes, where muscle weakness is not a 
featu re .  Because of the suggestion that the cocked toes of leprosy 
expose the metatarsal heads to pressu re and .inju ry, and so predispose 
to ulceration,  we kept a carefu l check on patients with clawed or 
cocked toes in relation to the i ncidence of ulcer on the corresponding 
metatarsal pad . We soon fou nd that there was no obvious relat ion 
between the two. We also examined a group of healthy subjects i n  a 
train ing school and found a surprising n umber of normal feet which 
had toes which did not touch the ground on standing. 
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We th ink therefore that clawing of the toes has no relat ion to 
plantar ulcer insofar as i t  exposes the metatarsal head . Often a foot 
with no toes is remarkably free from u lcers. We hold strongly that 
the inabil i ty of weakened toes to perform their protective function 
at the moment of the walking roll i s  a potent factor in  the production 
and chron icity of plantar u lceration i n  leprosy. 
Suggested Etiology as a Basis for the Treatment and Prevention of 
Plantar Ulcers 

Thus a critical examjnation of exist ing theories reveals several 
unsati sfying features, i f  only because treatment based on them has 
yielded no last ing resul ts  so far. No theory fits all the facts, when one 
carefully examines a series of anaesthetic feet .  We suggest the fol low
ing etiology which i ncorporates the known facts, adds recent 
observat ions,  and gives a plan of t reatment and prophylaxis which 
can give good results .  It also gives an indication of the type of foot
wear l ikely to be of value, and the c ircumstances in  which protective 
footwear shou ld be provided . 
The factors involved in the production of plantar ulcer are : 

I. An anaesthetic foot : s uperficial anaesthesis is invariable, but 
deep anaesthesia appears to be variable and may be absent at the 
moment of u lcerat ion : 

2. A walk ing foot:  patients who do not walk  do not develop 
ulcers and they occur at points on  the sole where there is pressure
friction round points of rotat ion of the walking roll ; t hese include 
the poin t  of contact at the heel , the points of dorsiflexion of the foot 
at t he mid-lateral and the metatarso-phalangeal joints, and the 
points of push off at the t ips of the toes : 

3 . A foot with a damaged intrinsic musculature: weak ness of th is  
nature compromises the mechanism by which the points  of rotat ion 
are protected from damage during walk ing. 

It fol lows from the above that plantar u lcers will heal and remain 
healed if the walking roll i s  in terrupted. This is  ensured if  the patient 
is i n  bed, i f  he is wearing a plaster cast even i f  w.alking in  i t ,  and if  
he wears footwear with a rigid sole ; such footwear a lso protects the 
points of contact at the heel and in  push off at the toes . Later we 
hope to report the results of a series of cases treated for a year by 
th is  method. 

Summary 

The accepted facts abou t  plantar u lcers in leprosy are that they 
occur on an anaesthetic sole, t hough some anaesthetic soles never 
ulcerate at any t ime ; that u lcers develop on the pressure-bearing 
areas of t he sole ; that they wil l  heal with bed rest ,  or i f  immobil ized 
in a wal k ing plaster cast ; that they overlie bony prominences .  

The t heories of the et iology of plantar ulcers are unsati sfactory, 
and i nclude the ideas that plantar u lcers are specific lesion s, that the 
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autonomic nervous system is  i nvo lved , that trauma is the prime 
cause, that plantar pressu re is  a ca use, and that clawing of the toes 
exposes the metatarsal heads .  From his experimental studies the 
au thor thinks that plantar pressu re i s  the most valid of these, but 
fi nds that i t  is not so much standing pressure as the inabi l i ty of 
weakened toes to perform their protect i ve function at the moment 
of the walking rol l .  

He  gives a suggested et io logy for plantar u lcers which can be 
used for prevention and treatment .  The chief factors in the production 
of them are an anaesthetic foot, a walk i ng foot ,  a foot with damaged 
musculature. Plantar u lcers wi l l  heal and remain healed if the 
wal k ing rol l is interrupted, either by bed rest, or by wearing a plaster 
cast, or by wearing footwear with a rigid sole. He hopes later to 
report the resu l t s  of a series of cases t reated for a year on these 
pri nciples. 
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