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I ntroduction 

Recently there has been renewed general i n terest in plantar 
u lcers, and in the ir  control as part of the process of reha b i l i tat ion 
of leprosy pat ients ,  and this paper wil l  present a critical review of 
the l i terature to aid th i s  work .  We found confused terminology i n  the 
early papers on plantar u lcers . By some, any u lcer of t he extrem it ies 
in a subject of leprosy i s  cal led " leprot ic".  Others used t he term 
"trophic "  but i ncl uded u lcers evident ly  hypostatic, and some even 
i nc l uded the superficial u lcerat ion of lepromatous lesions .  Today the 
plantar perforat ing  ulcer makes up most of the problem and it is 
found main ly  in the tuberculoid and borderl ine  k i nds of leprosy. 
In our present review we have not inc l uded papers on t he orthopaed ic 
and plastic surgica l procedures used in treatment of t he compl ica
t ions  of plantar u lcer. The modern l i terature on leprosy we found to 
begin with the recogn ised leprosy journals  (Japanese journals  shou ld 
be inc l uded but were not avai lable to us at the t ime of th i s  study), 
namely Leprosy in India ( \  929) ,  Leprosy Review ( 1 930), international 

Journal 0.( Leprosy ( 1 933) ,  Revista Brasileira de Leprologia ( 1 934). 

Papers were few and scattered before 1 930. The Tropical Diseases 
Bu l let in , wh ich  began in  1 9 1 2 , gave a very useful  service by its 
summaries. But as early as 1 900 Lepra, of B ib l ioteca I nternat ional i s ,  
Leipzig, had also performed th i s  funct ion .  In  1 890 and 1 89 1  appeared 
the Journal  of the Leprosy I nvestigation Committee, w hich seems 
to be the earl iest publ icat ion .  

The Years 1 890- 1 937 .  The Journal  of the Leprosy. l rivest igat ion 
Committee for 1 890 has the earl iest refet:ence to specific treatment 
for plantar u lcer. I t  referred to t he pract ice of stretch ing the enternal 
popl i teal or great sciat ic nerve. A RONGOM i n  J 905 stretched the 
posterior t i bial nerve for the treatment of perforat ing  ulcer. Ro.Y 
( 1 934) was the first to recommend metatal sectomy, and GuIDA ( 1 937) 
the first to report on t herapy us ing a presu med vasodi lator (acetyl 
chol ine) .  A RANGOM as above and SANDES ( \ 9 1 3) described the "sur
gery of leprosy" but with l i ttle notice for plantar u lcers beyond the 
remark of SANDES that "nearly all lepers have ulcers" .  

The Years 1 938- 1 960. M odern l iterature on  p lantar  u lcers begins  
with a study by BECHELL I  i n  1 938 .  There have been more than 90 

papers s ince then,  but many describe a few cases treated without 
controls and clai ming good success .  I t  i s  rare for the c l i n ical con
dit ion and natura l  h istory of the lesion to be described. I t  is  only in  
recent years t hat a serious  attempt has been made to descr ibe plantar 
ulcer .  
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Clinical Studies 

T n  1 938 BECHELL I and col leagues described clearly from a study 
of 1 600 cases in Brazi l the development of the lesion .  He noj ed that 
t he distribut ion of plantar u lcers corresponded to "wa lk ing  pres
sures" and concluded that the cause was "nervous", and secondari ly 
mechan ical stress. I n  the Compendio de Leprologia ( 1 95 1 )  he 
repeated these conc l us ions .  There seems l itt le progress i n  t he 20 

years s ince this paper. COCHRANE  ( 1 947) gave a fu l l  account of the 
state of knowledge then, and cl in ical ly there was no fu rther advance 
on BECHELLI .  T n  recent  years BRAND has referred to the subject, but 
there is  no recent  paper speci fical ly studying the c l in ical picture 
unt i l  PRI E (1 959) who gave an ana lysis of 2400 pat ients  in N igeria 
and developed the knowledge of t he  natural h i story of plantar ulcer, 
laying stress on the s ign ificance of the "necrosis b l i ster" . rn 1 960 

LANGUI L LON and col leagues fo l lowed by report ing  on 3000 patients 
i n  Africa and attempt ing a fu ll analysis of plantar ulcer .  They 
poi nted out that the sensory state of the foot i s  not always so 
anaesthetic as was thought. 

Aetiological Studies 

These did not begin un t i l  1 944, when S ILVE IRA wrote as fol lows : 
"The pathogen icity is subordinated to a series of purely theoretical 
ideas i nvoked to expla in  i t ,  namely mechan ics, the influence of 
nervous and vascular lesions ,  the dyscrasias, and certain i ntoxica
t ions .  These alone or together have been held responsible, but we 
must admit that basically i t  is difficul t  to say what exact part each 
factor plays in pathogenesis". This could almost have been written 
at the presen t  day.  S ILVE IRA concludes that t he major factor is 
mechanical, stresses the importance of rest, and notes t hat the un 
cOIT)pl icated ulcer wi l l  heal i n  a plaster cast without any other treat
ment ; he also emphasizes frequent re-examinat ion of the patient so 
as to avoid the recurrence of ulcer. KHAN ( 1 939) made the important  
observation that  plantar u lcers w i l l  heal with rest, including rest 
if the foot is  encased i n  a plaster cast .  This was not at once applied 
to aetiology, but MU IR  in 1 943 suggested that the provocative factor 
was the loss of the plantar cushjon due to atrophy of the small 
m uscles of the sole .  COCHRANE (J 947) stressed the relation of trauma 
to the aetiology. BRAND ( 1 950) supported this ,  emphasiz ing sustained 
pressure and act ive inj u ry .  PRICE ( 1 959) noted that the distribution of 
plantar ulcers was related more with walk ing  than standing  pressures. 
GUIDA made an early study ( 1 937) on b lood-supply but BARNETSON 
( 1 950) made the first detailed study, using oscil lometry on neural 
cases . He showed that local blood vessels had not lost di latabil ity 
but vasomotor con trol was defective. He  thought that the neuro
tropruc changes depended on more factors than vasomotor control 
damage. GOKHAlE ( 1 959) studied temperature changes in  feet by 
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blocking the autonomic system and found that vasomotor control 
i s  defective in ulcerated feet of leprosy pat ients .  LEITNER ( 1 938) did 
arteriography and showed that there is an  ample blood su pply even 
in  advanced cases, and BANG and col leagues ( 1 938) found normal 
arteriograms i n  26 of 34 ulcerated feet. LECHAT and col leagues (1 959) 
repeated this and could establ ish no  correlat ion with results  of 
cutaneous thermometry and plethysmography. From al l  these 
studies there is no evidence that vascu lar i nadeq uacy has any part 
to play in the aetiology of plantar u lcer. Workers in diabetes found 
the same thing ( M A RTIN ,  1 953 ,  1 954). 

Methods of Treatment 

Some of the suggested therapies have been based on the fore
going theories of causat ion,  but many have been empirical or ai med 
at suppression of local infect ion . A few have lIsed local application 
of ant i leprosy drugs. 

Local nonspecific therapy for which success is  claimed includes 
the su lphonamides (A .  ATUCHA, 1 945 ; CHORINE,  1 943) ; strepto
mycine ( FITE et aI . ,  1 947) ; chloram phen icol ( IVENGA R, 1 959) ; tyro
lhricin (CABRERA et a I . ,  1 948 ; MOM et a I . ,  1 946) ; mercurochrome 
(OBERDORFER et aI. , 1 939) ; iodoform ( LANG, 1 930) ; gent ian violet 
( M U IR ,  1 94 1 ) ; trichloracetic acid (LAURET et aI . ,  1 956). Others were 
the local application of vitamin A ( RVRIE ,  1 939), of madecassol 
(LANGU ILLON, 1 949) , beef suet ( M A  VNARD, 1 938),  placental implants 
( FONTILLES, 1 95 5 ; LUONG et aI . ,  1 958), and the i nfusion of barks o f  
certain  South American trees (FLORIANI, 1 937), sodium dehydro
cho late (HERMANS, 1 957 ; LAVIRON, 1 955 ; REZETTE, 1 956), Dettol 
( RVRIE, 1 938) ,  Rivanol ( DAS, 1 940 ; M EHTA, 1 938) .  T he results 
recorded a monotonous success suggesting  ulcers wi l l  heal eas i ly .  

Local antileprosy treatment. To use a local i njection of an ant i 
leprosy drug suggests t he suspicion that the u lcer is  a specific lesion . 
Hydnocarpus preparations have been injected i n  and around the 
ulcers by LOWE et aI . ,  1 937 ; BOUSEFIELD, 1 938 ; BOSE, 1 938 ; COCH
RANE,  1 940 ; M UIR ,  1 943 ; B ROWNE 1 959 .  In the same way sulphone 
preparations have been used by DHARMENDRA et ai ,  1 955  and 
FERREIRA, 1 957 .  Leprolin was used by CALDEIRA i n  1 948 . Results 
reported were un iformly good. 

Treatment by Vasomotor Paralysis 

Some workers tried to interrupt the tonic effect of the vasomotor 
control to  try to improve the chronicity of the lesion on the sup
posit ion that this was due to i nadequacy of blood supply. Thus 
l umbar sympathectomy was tried by GOHEEN in 1 933  and GUADAG
NINI i n  1 950, perifemoral sympathectomy by Pv et al. in 1 929, 
C .  RUlz et al .  i n  1 93 1 ,  BLACK, 1 933 ,  VIRNICCHIL in  1 94 1 ,  K IRKALDV
WILLIS i n  1 945 .  Epineurectomy or nerve blockage was tried by 
RANADE et at . in 1 957  and VISHNEVSKV in 1 938 .  Also, i nject ion in tra-
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arterial ly of vasodi lators was trIed, ergot derivat ives by GOKHALE in 
1 957 ,  LAV I RON et a t .  i n  1 958 ,  WATT- M ANEY et a t .  i n  1 958 and 
FRITSC H I I  i n  1 959.  Acetylchol ine has been used for the same purpose 
by G U I DA in 1 937 ,  LANG U I LLON in 1 946, and A. CASTRO in 1 940. 
A l l  this had discordant results .  

Treatment by Orthopaedic Methods 

It was soon noted t hat s imple protective footwear had no effect 
on either t he heal ing or t he recurrence of plantar u lcer ; hence it 
seems that the ca use could not be s i mple trauma.  Attempts were 
next made to avoid the concen trat ion of pressure on smal l  areas by 
us ing mou lded i n soles so as to spread the weight .  The plaster cast 
i s  t he s im plest method, and its val ue in hea l ing an u lcer was con
firmed by K H A N  ( 1 939), H AYTI -IOR N  TH W A ITE ( 1 943) ,  S I LVE IRA ( 1 944) , 
FISHER (1 955) ,  N EWMAN et a t .  ( 1 955) ,  BOSE ( 1 956) ,  and LANG U I LLON 
( 1 960). Wi th  a boot of U nna paste GENU et at . obtained s imi lar  
good resul ts .  The plaster boot method for hea l ing  the u lcer is the  
s implest and best ,  and the  pat ient can remain  ambulant .  M ost cases 
heal in 4 to 6 weeks .  

Treatment by Surgical Methods 

Formerly most su rgical methods were di rected at the chronic 
bone infect ion .  M I L ROY ( 1 936) advised i t ,  and others,  and many have 
tried meta tarsectomy. The general fee l ing i s  t hat t he surgical mut i la
tion does not solve the problem of heal i ng  or recurrence . S ILVE IRA 
at the Havana Congress i n  1 948 protested that  "amputation has 
become a frequent in it ial treatment of plantar u lcer" and recom
mended rest and plaster casts .  

The Problem of Recurrence 

The prevent ion of recurrence of plan tar ulcer is the real acid 
test of any method or theory of treatment .  So far 110 method of local 
therapy or surgical i ntervent ion successfu l ly  meets t he difficulty .  
Why does the ulcer heal in a plaster cast even though t he foot carries 
added weight ? BRAND thought i t  was due to the spreading of the 
weight over a wide area of the sole by t he moulding of the plaster, 
and he planned moulded insoles of plastic .  ROBERTSON ( 1 956) tried 
t he same wi th  moulded leather, also D REISBACH ( 1 959) fol lowed t he 
same l ine .  PRICE ( 1 959) however suggested the i nterruption of the 
walk i ng  rol l  was the important factor, and that any type of rigid 
sole footwear, even wooden clogs, would be beneficial . Soft insoles 
can be used in addit ion to the rigid sole .  Work is cont inu ing 011 
these l ines .  

Discussion 

It wil l  be seen that the plantar ulcer of leprosy poses three 
problems : 
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1 .  What is the neuropathic lesion respons ib le for the occur
rence of u lceration ? 

2 .  Why does the  u lcer occur  in  some neuropathic feet and not 
i n  others ? 

3 .  Why does the ulcer recur so readily after hea l ing ? 
The neuropathic lesion underly ing  the lesion has not been the 

subject of any publ ished study .  Some workers are, however, investi
gat ing the matter. WEDDELL ( W H O, 1 960) reported on this and 
stated that as many as 25% of the sensory fibres to the sk in  may be 
destroyed before any sensory deficit can be detected c l in ical ly .  

I t  has  'been general ly bel ieved (and stated) that  a foot with an 
u lcer m ust be anest het ic to pai n-and so exposed to un recogn ised 
inj ury. Recent reports, notably by L A M B I LLON ( 1 960) have stressed 
that th is  is not in fact the case and that not more than half the cases 
c l in ica l ly  show th i s  degree of anesthes ia .  I t  is  also general ly  stated 
that there is no loss of deep sensat ion i ncluding jo int  sense. All these 
matters need further carefu l  study, and are by no means clarified. 
It wou ld be of considerable value to be able to recognise by some 
s imple c l in ical test, which feet are l i kely to ulcerate and wh ich not .  
A contr ibut ion to th is  is  the recognit ion of the " pre-u lcerat i ve state" 
by PR ICE ( 1 960) . 

The reason for ulceration i n  a foot already neuropathic i s  the 
second problem.  The various theories have been examined in  the 
preceding review : 

( i )  " U lcer is due to unrecogn i sed external trauma". 
This theory fai l s  because protection of the foot by footwear 
does not, in fact, prevent  ulceration . 

( i i )  " U lcer i s  due to prolonged standing". 
This  suggestion i s  un tenable because u lcers wil l  hea l  with the 
addi t ion to the leg of the weight of a plaster cast, and the 
added immobil ity it enta i l s .  

l i i i )  " U lcer i s  a specific leprosy lesion" .  
This view i s  untenable because of the occurrence of the  les ion 
in  diabetes, tabes etc . Nevertheless, as recently as 1 959, a paper 
has appeared descr ib ing the use of local ly  i njected anti- leprosy 

drugs. 
( iv) " U lcer i s  due to loss of the plantar pad of i ntr ins ic muscles 

through atrophy" . 
This  s uggest ion is abandoned because treatment of the foot 
by us ing a padded sole had n o  effect. 

(v) " Ulcer is due to prominence of a bony project ion in the sole". 
This led to metatarsectomy, which i s  st i l l  widely pract ised. It  
i s  s ignificant that no  paper has been publ ished stat ing the 
value and resu lts of this ,  but most of those who use the method 
admit  that the ulcer may not heal ,  may heal and then recur,  
or may heal and another occur elsewhere on the sole .  
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(vi ) " U lcer i s  an expression of local n utr i t i onal defect" .  
This i s  the reason for the numerous attempts to i ncrease local 
blood-supply ,  us ing chemical or s urgical i ntervent ions .  The 
results have been reviewed and are not consistently favo urable .  

(v i i )  " U lcer is an express ion of deep plantar damage caused by 
walk i ng".  

This  recent  hypothes is  i s  based on t he ohservat ions  of the 
effects of wal k ing  plaster casts .  It shou ld be confirmed by 
other workers,  and may suggest a means of avoid ing  and 
treat ing  u lcerat ion .  

The problem of recurrence has  defeated a l l  efforts at so lut ion 
unt i l  recent ly .  Al l  methods of foot-protect ion ,  of local therapy, and 
of local ly increased blood-supply have fa i led to affect the tendency 
of u lcers to recur .  

The recent  observat ions of the effect of plaster casts does, how
ever,  suggest an effective method of preven t ing recurrence of u lcera
t ion .  It i s  based on t he deduct ion that as t he u lcer has healed whi le 
the �ast was i n  posi t ion ,  it would remain healed i f  t he cast was left 
on the l imb  i ndefin i te ly .  As  this is not practical, efforts are be ing 
made to defi ne the factor that was responsible for in i t ia l  heal ing  and 
wou ld, therefore, i n  a l l  probabi l ity, ma intain hea l ing. Several 
workers are fo l lowing u p  th is  suggest ion ,  which appears l i kely to 
bring fru i tfu l  results .  

Conclusion 

The recent  Conference at Vel lore (W H O, 1 960) accepted the 
statement that : " I f  the present state of knowledge is properly 
appl ied, plantar u lcerat ion need not occur in leprosy" .  

T H E  L ITE RATU R E  ON PLA N TA R U LCERS  I N  L E P ROSY 
1 890- 1 960 
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