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S E C T I O N  r 
The term ' p lantar u lcer' was i n troduced by P R I C E  ( 5) i n  T 959 and was 
defined as 'a chronic u lceration of the anaesthetic sole of the foot ,  s i tuated 
in wel l  defined areas overlying bony prominences ,  resis tant  to local or 
systemic therapy,  and characterised by a marked tendency to recurrence' . 
This defini  tion is the resu l t  of carefu l  empi ric s tudies . Properly in terpreted, 
treatmen t and prevention may be deduced from i t  by the appl ica tion of 
simple biological facts .  

The great advances in our understanding of the ae tidogy and natural 
history of plantar u lcers in  leprosy which we have seen during the las t , 
re latively few years, have been brought about  by an application of the 
knowledge gained in other diseases with neura l  damage, and from carefu l  
s tudies of the s tatic and dynami c forces at pl ay in the normal  and diseased 
foot ( 1 5 6 7 8 1 3 ) . " , , , . 

Based on this u nders tanding a therapy has been developed, which 
shows a close relationship to the s imple biological treatment  of war 
casualties, developed by T R U ETA ( 1 5) , and C HI E W ITZ ( 3) ,  which is s tandard 
know ledge . ( 1 , 7

, 
8

, 9 , 1 3 , 1 6 , 1 8 . ) 
The same application of basi c biological principles has led to the 

development of methods of prevention, easi ly appl icable everywhere. ( 1 ! )  1 2  1 4  1 7  1 8 ) , , , , , . 
The fina l  achievement ,  or rather chal lenge to achievemen t ,  was boldly 

s tated by the WHO Scien t i fic  Meeting on Rehabi l i tat ion in  Leprosy at  
V c l lore : ' I f  our presen t  knowledge is properly applied , p lantar u lceration 
shou ld not occur' . ( 1 8 . )  ( I tal ics by the author . )  

This paper wil l  attempt a presentat ion of  a practical approach to  the 
problem of plantar u lceration as actual ly met today. 

A E T I O L O G Y  A N D  N A T U R A L  H I S T O R Y  
The aetiology is misuse, or rather misunderstood use, of a foot with 
plantar anaesthesia .  The crucial factor would appear to be the ' ro l l '  of 
the foot in the normal springy gai t .  ( 1 , S ,  6, 7 , 1 2 , 1 3

. ) The large majority 
of ulcers appear to develop from 'necrosis b l isters' ( 6) , which are ini t ia l ly 
steri le  and only l ater, after break-through become infected . ( 8 . ) The 
further development can be described as an evi l cycle of 'scar-ulcer-scar' . ( 1 , 6, 7

, 
8

, 
1 3 . ) I f  left unchecked, the deeper structures, bone, j oint ,  and 

tendon , wil l  become involved . The resu l t  is not only a shortened and 
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deformed foot ,  but a rigid foot wi t i1 i n fin i tely greater tendency to u lcera
tion . ( 1 ,  8 , 9 ,  1 2 , 1 3 , 1 4 . )  A rigid foot has d i fferent  mechanics from a p l ian t  
foot , wi t h  a d ifferen t distri bu t ion of plantar ulcerat ion . ( 1 2 . ) 

T R E A T M E N T  
A primary necrosis b l ister i s  a ster i le ,  but  potent ia l ly  infected l esion . A 
developed u lcer is an infected wound.  A secondary necrosis b l i s ter  is a 
potent ia l ly ,  often ac tua l l y , infected les ion.  The hot ,  swol len foot wi th  
scarring is potent ia l ly ,  and very l i ke ly  actua l ly ,  infected . ( I ,  6 ,  8 ,  1 3 . ) A 
pecul iar feature ,  for which so far no satisfac tory explanation has been 
pu t  forward , i s  the rari ty of violent  infect ion,  general  sepsis and te tanus .  
e . )  Successfu l  t reatmen t i s  based upon the principles la id down by 
T R U ET A  ( 1 5) : Rest ,  e levat ion,  and free drai nage . ( 1 , 7 , 8 , 9 , 1 3 . )  A l though 
there can be l i t t l e  doubt that administration of the correct an t ibiot ic in 
many cases would hasten heal ing ( 1 3) , the magni tude of the problem and 
the rapid ly  developing resistance to all ant ibiotics make it i mperative to 
avoid ant ibiotics and metabol ic  bacteriostatics to the greatest poss ible 
extent .  ( 1 . )  Experience has taught us that i t  is extremely difficu l t  to 
different iate between dead and l iving tissue in  these cases, and while 
securing free drainage, i t  pays to be extremely conservat ive in excision of 
apparent ly dead tissue . ( 1_ 1 3 . ) 

P O S T  U L C E R  C A R E  A N D  P R E V E N T I O N  
They are practical ly  identical .  The key points  are regu lar inspection, both 
by the medica l officer respec tively,  physiotherapist and the pat ient  himse l f, 
education i n  de tection of warning s igns, issue of proper footwear, and 
constant i n te l l igent use of the shoes ( 1  7 9 1 2  1 3 1 4 1 6  1 7 1 8 )  , . , , , , , , , , . 

S U R G E R Y  
When active u lceration is present ,  surgery shou ld  be l imited to the mini 
mum, only securing free drainage . In th is  stage, one shou ld never remove 
anything other than obviously dead tissue .  ( 1 , 7 , 1 3 . ) The au thor is s t i l l  
surprised at  the  number of  times evidently dead tissue when left under a 
p laster of Paris cast, proves to be very vital i ndeed . The scarred , but  ho t  
and swol len foot is a contraindication to any form of surgery . I t  shou ld be  
left alone under  protection of  a p laster of Paris cast .  I n  the scarred , but  
quiescent foot a number of i ndications for corrective surgery may be seen . 
The aim is to remove severe, add it ional danger poin ts where th in ,  
adherent scar overlies a bony prominence. Several procedures have been 
recommended, but th e general consensus i s  that such cases m ust  be left 
for an  experienced surgeon to deal with .  The results a re not encouraging 
at a l l .  The i ndiscriminate excision of offending toes and metatarsal bones 
cannot be condemned strongly enough . ( 1 , 2 , 8 . ) A radical approach to 
the extremely bad forefoot with wel l  preserved h indfoot, a common 
finding, was recommended a long t ime ago by GASS ( 4 ) . He scarifies the 
whole offending area i n  order to stop once and for al l  the tendency of the 
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scar to ' c reep' backwards . Th i s  i s  a sound approach , bu t  req u ires carefu l  
a n d  expert  s u rgi c a l  eva l u a l i on a n d  han dl ing . 

T E C H N I QU E S F O R  O B T A [ N I N G  R E S T  
Given free drainage and absence o f  general sepsis , which must  of course 
be t rea ted with appropriate drugs, any wound wi l l  heal  if  the affected foot  
i s  kept permanent ly e levated and at res t ,  whi le cross infection is being 
preve n ted . ( 1_ 1 3 . ) The magni tude of the problem, and the scarcity of 
hospi ta l  beds has made it imperative to find other methods of securing the 
necessary res t of the affected leg .  W h i l e  an u lcer is freely d raining, and 
while t here i s  oedema and swel ling, bed res t with e leva ted foot  is the only 
sensi b l c  t reatmen t .  ( I ,  il , 1 3 . )  As soon as the ulcer i s  dry and local oedema 
has subsided , the pa tien t may be made ambulan t in a wel l  fi t ted p laster 
of Paris cast wi t h  a rocking device preferably a Bohlar iron . The majority 
of u lcers wil l  heal wi th in  six weeks. If indicated, the leg may be kept in  
p l aster cas t  for any length of time . ( 1 , 7 , !l , 1 3 . )  This s trongly emphasises 
the con ten t ion tha t  the interruption of the walking rol l  i s  the most im
portan t  part  of the treatmen t .  ( 7

, 1 3 . )  The need for a water resistant device 
for use where it is necessary or desirable to send the patient to his  home, 
while under treatmen t ,  led to the development of ' the Karigiri boot'  ( 1 3) 
where the foot  rests on a p l atform with some shuffling movement on an 
i n tervening layer of absorbent  felt, the whole device contained by a boot 
of gauze bandages impregna ted with prevulcanised rubber latex.  While 
not q ui te so effec tive as a wel l  preserved plaster cas t ,  i t  is cheaper, and i t  
is waterproof. We have at present  di fficu l ties in  I ndia abou t obtaining 
the correct grade of rubber la tex, and experi ments are going on to find a 
su i table preparation .  A number of cases, notably necrosis bl isters, very 
small ,  early u lcers, and cracks of the sole heal remarkably well while the 
patient  is made ambu lan t on a simple shuffleboard with interposed fel t ,  
kept in  place round the ankle with l engths of elastoplast .  ( 1 3 . )  

P R O T E C TI V E F O O T W E A R  
The long and winding road of experimen ta t ion that  has led to our  
present  und erstanding of th i s  problem was s tarted in 1 956 by R O B E RTSON 
(quoted by W A R D ,  1 7 ) . The fol lowing principles are recognized : ( I )  a 
correct fi tt ing of the shoe ( 1

, 
1 7 ) , (2) rigidity of the shoe ( 1 , 5 , 7 , 9 , 1 2 , 1 3 , 1 4 ) , 

( 3 ) an impervious undersole ( 1 , 1 7 ) , (4) moulding of the inner sole ( 1 ,  1 2 , 
1 4 , 1 7) , ( .5 ) a resi l ient  inner sale ( 1

, 
1 4

,
1 7 ) . 

( I ) I t  is se lf-evident that  carefu l  fitt ing to avoid ' shoe bites' is absolutely 
essential  in an anaesthetic foot .  It is worth remembering that the shoe 
should be longer than the foot to a l low for expansion when weight is 
p laced on the foot .  

(2) I n  the rigid foot  with previous bone involvement ,  this is  a sine qua 
non, bu t  even in the pl iant foot ,  the concept of the rol l  as the causative 
factor in  occurrence of u lcers makes it desirable .  This can be achieved 
e i ther by ' using a plane or s l igh t l y  mou lded rigid sole with a rocker 
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incorporated.  This is the standard method so far in  I ndia .  ( 1 ,  1 7 . ) This is 
a cumbersome shoe with poor inheren t  balance and little a ttraction for 
the patien t .  The wooden clog ( 1 2) appears to fu l fi l  the demands for a 
sol id, nice looking, acceptable shoe .  A number of reasons have so far 
prevented us from introducing this pattern in  I ndia .  

(3) When a flexible shoe is  prescribed , i t  becomes important  to prevent 
nai ls and thorns from perforating and causing damage to the foot .  This  is 
usually done by applying an undersole of spl i t  tyre rubber. ( 1 , 1 7 . ) 

(4) The original  idea was to mould the inner sole accurately to the sole 
of the foot ,  thus making sure of an even distribu tion of weight .  This is 
true in the static phase , but cannot be obtained during the dynamic 
phases of gai t .  Also if  the moulding is less than absolutely perfect ,  it mili
tates against i ts very purpose and creates new and dangerous pressure 
areas. A s l ight moulding of the instep may be desi rable ,  but  this wi l l  
usual ly be taken care of by the resi l ien t inso le .  The metatarsal bar ( 1 ,  1 7 ) 
is a device that aims a t  removing pressure from the metatarsal heads and 
transferring it to a wider area further back. This is a logical concept when 
the stance is  contemplated, but s ince the roll is the i mportan t  factor and 
also because a large number of the fee t  with fairly extensive scarring of 
the forefoot and good mid- and hindfoot ,  which const i tute the traditional 
indication for a metatarsal bar, will also exhibi t  a certain degree of 
rigidi ty ,  the metatarsal bar loses most ,  if not a l l ,  of its importance. 

(5 )  The rationale of the resi l ient inner sole i s  primarily to supply an 
artificial resil iency where the original  resi l iency of the sole is los t  due to 
scarring ( 1

, 
1 3 , 1 7) . By derivation this has been applied as a preventive in 

anaesthetic, but  un scarred feet .  Experience has su pported this .  All  workers 
seem to agree that microcel lu lar rubber of hardness shore 1 5  degrees is  
the most universal ly adoptable material ( \ 1 3 , 1 7 ) . 

S E C T I O N  I I  
I n  section I ,  a highly condensed outl ine of the . prir lciples of the aetiology 
and natura l  history of plan tar u lcers , and of the logical treatment and 
preven tion of these, has been given .  The a u thor is  very wel l  aware that  
nei ther is  th is  complete ,  nor i s  i t  the final  word in this  field . This  section 
deals with the practical application of this knowledge, as found in  a 
leprosarium,  and as seen a t  roadside cl inics and outpatient departments .  

T H E  L E P R O S A RI U M  

I n  such a n  insti tution, where n o  ful l  scale ulcer programme has been 
inst i tu ted previously, and where the admission and discharge policy is 
s t i l l  l argely pat terned on the old idea of the asylum,  i.e. admit when the 
patient  cannot manage the social problems outside - and 'once in, never 
out ' ,  one is l ikely to find a fairly large number of highly crippled patients 
with no real desire for i mprovement in  their often apalling ulcer condition. 
One is also l ikely to find a number of patients who are beginning to realize 
that joint attempts from the administrative and medical section are being 
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made to rehabi l i tate patien ts outside the leprosarium.  Not infrequent ly 
these patients wi l l  be rather rel uctan t to accept real  chances of obtai n ing 
restored feet .  An u lcer is often regarded as a t i cke t  for contin ued s tay in  
the  leprosari um.  Even though val iant ,  and  fai rly successfu l  advances are 
being made from asylum to hospi ta l ,  these problems wi l l  be wit h  us to 
some extent .  

The fi rst necessity for a medical officer who in i t iates a fu l l  scale ulcer 
programme i s  a complete understanding of the principles and practice of 
the matter .  He must  also be fu l ly  convinced , not only that it  can be done, 
but  that i t  is one of  the most important  s teps towards a successful  medical 
and social rehabi l i tation .  He must then win the whole hearted su pport of 
t he adminis t rative section . It must be c learly understood and accepted, 
that such a programme wi l l  call [or certain good faci l i ties in  staff and 
equipment .  A reasonable number of hospi tal beds must  be avai lable .  
I ni t ia l ly ,  i t  wi l l  q ui te l ikely play havoc with the smooth running of the 
leprosy centre, s ince we sti l l  largely depend on patients for carrying out a 
significant amount  of the unski l led and semi-ski l led tasks . If the pro
gramme is  carried out sensibly and efficient ly,  this phase will not last long. 
Soon the patients who used to go to work with poorly applied and bu lky 
bandages , wi l l  start out  for a fu l l  day's work with no bandages, but  wi th 
well fi tt ing, well kept shoes . Undoubtedly ,  a n umber of activities wi l l  
have to be given up i n  return for more sui table ones .  The most  remarkable 
change is seen where the ulcer programme is geared to a developing social 
and economic rehabi l i tation programme.  The leprosy patien t as coolie 
disappears and the ski l led,  rehabili table worker emerges. 

Methods of record-keeping must be developed, which are simple and 
quick,  so that there is a good chance of the actual records being kept .  
Anci l lary staff, either technicians or patients ,  must be secured, and must 
be imbued with the right spiri t .  It  should be possible to train such ancil
lary staff to recognize the various types of u lcers, cracks, bl isters, e tc . ,  and 
to record them properly under proper supervision from the medical officer 
or a trained physiotherapist .  The appl ication of the various types of 
standard treatment and the technique of the necessary therapeutic 
measures such as plaster of Paris boots,  Karigiri boots,  shuffleboards with 
fel t, must be taught properly during the actual work .  A shoe workshop 
must be set up, that can turn out the necessary number of simple shoes i n  
sufficient numbers . This a lso should b e  r u n  with supervision from the 
medical officer and/or a trained physiotherapist .  

The very first step, which may  very well be undertaken to  convince 
patients, as well as admi nistrative and anci l lary staff, that it can be done, 
and that it i s  worthwhile doing, should be a carefu l  selection of a few 
in tell igent, co-operative patien ts with minimal u lcers on otherwise good 
feet .  Only when i t  is  possible to poin t  to known successfu l  cases, can one 
expect ful l  support on a l l  sides . 

Once this s tage has been achieved, a fu l l  scale regular foot  inspection 
of every patient i n  the home is necessary i rrespective of the state of the 
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disease, with ca refu l.  recording of the f ind i ngs .  At th is  poi n t ,  the problem 
is l ike ly to be too big for the  exis t i ng  fac i l i t ies ,  so i t  w i ll be w ise t o  conce n 
trate on chi ldren, you nger pat ien ts ,  and those w i t h  a good c h a nce of 

return to normal society. Of prime importance is prompt ac t ion  on the 
findings from the foot inspection .  

. 

I f  active sepsis is found,  the patient  is put  to bed with a pro tective 
dressing, the foot  is kept e levated , and appropriate drug therapy is  
institu ted . 

I f  no active sepsis bu t  local swe l l ing and heat i s  found ,  and the u l cer i s  
freely d ischarging, the pat ient  is put  to bed, t h e  foot is kept  elevated , 
therapy is ins t i tuted with soaks in lukewarm soapy water, fo l lowed by 
protective dressi ng with 4- per cent mercu roch rome .  Provided a ca refu l  
'no touch'  technique i s  fol lowed , a long wi th a separa te soak bowl  for each 
patient ,  this has been found to be the s im plest and qu ickest way of prevent
ing cross infection ,  whi le preserving free drainage .  A notable effect of 
mercurochrome solu tions is that dead tissue is  left mum mified ,  thus 
presen ting one with a crisp, inoffensive ulcer,  ready for the next step. 

When the u lcer is crisp and dry with no local ized swel l ing nor signs of 
sepsis, it is  ready for the ambula tory stage e i ther in a well fi tting plaster 
of Paris cast, or if  considered more suitable ,  a Karigiri boot .  These should 
be left intact for six weeks as a rou t ine .  If complete healing is  not found ,  
they may be  re-applied . 

An extremely importan t  part of the regime, unfortunately too often 
neglected , is  measurement for shoes and actual making of the proper shoe 
so that it is ready the moment the ambulatory device is removed . The idea 
is to imbue the patient  and the staff a l ike with the u nderstanding that an 
anaesthetic foot must never touch the ground u nprotected by proper 
footwear.  As emphasised , not l east by P R ICE and ROSS , the ideal foot
wear i s  a rigid shoe of the wooden clog variety with resil ient insole . 
Severa l reasons  have made i t  very difficu l t  to in troduce th i s  in I ndia .  
Qui te often we may have to accept that our cobblers cannot make them , 
and that our patien ts refuse to wear them. I f  one can gain the confidence 
of the patien ts to the poin t  where they will follow advice about  carefu l  
walking, i t  may be  perfectly permissible to  issue a simple, socially more 
acceptable chappal (sandal of I ndian type) . 

The whole programme wil l ,  in  the final assessment ,  rest 0 11 the amoun t  
o f  confidence t h e  medical officer c a n  gain from t h e  staff a n d  patien ts .  
Measures of  disciplinary action, fines, depriving of privileges , e tc . ,  and 
granting of extra privi leges to especial ly carefu l  patients may all have to 
be brought i n to play, but they can never supplan t the growth of con
fidence. 

As the programme aimed a t  the children and younger easily rehabil i t 
able patients gains momentum, and the strain on hospital space and time 
eases a l i tt le, i t  wil l  become possible to start working with the more 
recalcitrant  u lcers and also the more reluctant patien ts .  I t  must  be under
s tood clearly that while the aim ,  the possible goal , in the fi rst series,  is  
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even tua l ly to  arrive a t  the  poin t  where no u lcers are diagnosed , as a 
res u l t  of the  early ,  pre u l ccra tive danger signs being recognized and treated 
as the po t en t ia l u lcers t hey are, the rea l l y  badly damaged foot  can never 
aim so high. Certain ly  t h e  incidence of u lcers and particularly the inci 
dence of rea l ly  bad u lcers can be reduced drastica l ly .  Bu t  undue optimism 
is  as dangerous and disappoint ing as undue pessimism. 

At this point ,  the problems of 'cold '  surgery wil l  presen t  themselves 
with increasing freq uency and urgency. It is  not the in ten tion here to 
give ind ications and con traindicat ions which can be found in several 
read i ly  ava i l able papers ( I ,  2 ,  4 ) . However, it seems t imely to under l ine  
that  'cold '  su rgery i n  the  sca rred , anaesthet ic  foot ,  no less than ' hot '  
ulcer su rgery , is a job for a high ly  q u al i fied surgeon with wide experience 
in the fie ld ,  and wi th  fu l l  s u rgical faci l i t i es a t  h i s  disposal . 

An ulcer  programme as ou t l ined here is t ime-consuming, bu t  ex t re mely 
reward ing, al though i t  i s  remarkable  how soon the strain starts to ease . 
The graves t danger is to become complacent  and think  that  the problem 
is over. Un less a constan t pressu re is kept up with strict el'iforcement oJ regular 

foot inspection ,  prompt action ,  and steady supervision and encouragement ,  
the si tuation wi l l  deteriorate in  a remarkably short t ime.  

T H E  O U T - P A T I E N T  C L I N I C  

Since t he  in i t ia l  react ion of most patients ,  certain ly  i n  India ,  usual ly is 
extreme re luc tance to accept the suggested foot therapy, and s ince i t  
may not b e  feasible to introduce i t  in  the early s tages anyway for l ack of 
personnel  and space , the firs t  and most important  problem in the out
patien t  department i s  to con tinue a carefu l ,  regular supervision qf the feet 
and the footwear of the discharged jJatients. Every faci l i ty should be extended 
to these patients, i nc luding the shoe workshop, for prompt  repair of 
damaged or worn shoes, expecial ly  since the v i l lage cobbler invariably 
wil l  repair wi th  a l iberal use of nai ls .  Herein lies one of the real dangers 
to  anaes thetic fee t ,  even i f  he wi l l  accep t  the shoes of l eprosy patien ts at 
all for repair .  

With the i ncreasing number of discharged patien ts attending c l in ics 
with proper shoes on the feet ,  and no u lcers, other patients wil l  begin to 
real ize the poss ibi l i ty and later on the benefit of u lcer treatment and 
prevention . It i s  very important that faci l i ties are avai lable and are 
offered promptly when such desire is found.  

Usual ly ,  the regime wi l l  be a short term admission for the specific 
purpose of u lcer treatmen t .  Certain ly  a large number of u lcers and pre
u lcerative s tages wi l l  be seen where it i s  perfectly possible to apply immedi
ately a plaster of Paris boot ,  a Karigiri boot or a shuffleboard with fel t .  
There i s ,  however, so  great a rel uctance to  return to  the  vi l lage w i th  these 
obvious ou tward stigmata, that un ti l  a high degree of confidence has been 
bui l t  up in a large group of patients ,  advance may be practical ly impos
s ib le .  
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T H E  R O A D S I D E  C LI N I C  A N D  T H E  H O US E - T O - H O USE 

V I S I T A T I O N  

Both offer al most ideal conditions for qu ick d iscovery o f  early damage to 
anaesthet ic feet .  One difficulty i s  that while the patients may be will ing 
to accept  unpalatable advice from a senior worker, these are those whom 
such patients see compara t ively rarely.  When this understandable reluc
tance has been overcome, these roadside and domici l iary patients wi l l  
provide the best  possible pabu lum of an intensive ulcer programme. 

Since a number of u lcers wi l l  be found,  both in  the outpatient depart
ment ,  the roadside c l in ic ,  and whi le visi t ing the homes of the patients ,  
where it  is impractical or s imply i mpossible to give proper treatment with
out  admitt ing to  a we l l  equipped hospi ta l ,  i t  i s  i mperative for these 
branches to have the backi ng of the hospi tal sect ion of the leprosarium.  
Nobody doubts that this could equal ly wel l  be done in a general hospi tal , 
but  so far that seems to be an unrealized dream . 

S U M M A R Y  

The accepted concepts o f  the pathogenesis o f  p lantar ulceration in  leprosy 
are presented as the basis for a logical scheme of treatment and prevention . 
The practical application of this knowledge is described in  an ulcer pro
gramme in inpatien t leprosaria, and under a mbu latory condi tions. 
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