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E T I O L O G Y  
The lesion cal led ' plantar' , ' perforating' or ' trophic' u lcer i s  not

' 
pecu l iar  

to leprosy and is known" to occur  in several d i seases i n  which there i s  a 

neuropathic l esion of the foot ,  bu t  in which walking i s  s t i l l  poss ib le .  
I t  does not occur  when walking is not possible ; and for these reasons 

it is seen in tabes , syringomyelia ,  and diabetic neuritis ,  b u t  i s  u ncommon 
in such disabling condi tions as spina bi fida and transverse myelitis where 
the patient may be bedridden .  In  l eprosy, the disease i s  the cause of the 
nerve deficit which produces the plantar u lceration ; leprosy does not  
cause u lcer directly. 

The neuropathic foot i s  deficient in  varying degree of motor, sensory 
and autonomic function ; and a l l  of these play a part  in weakening the 
foot to the extent that walking causes u lceration .  The separate deficiencies 
have been studied by several workers, and the rel ative importance of 
each has been discussed e l sewhere ( PRICE, 1 959,  1 96 1 ) .  The treatment 
that gives consistently good resul ts  i s  based on the assumption that the 
predominating factor i n  causation is  the tissue damage due to the 
mechanical strains of walking. 

The way i n  which this damage occurs i s  now wel l  known and is 
described by several recent  writers (ANDERSEN , 1 96 1 ; ROSS, 1 962 ; Z AMIDIO, 

1 963) a nd in  the new Edition of COCHRANE and DAVEY, Leprosy in Theory 
and Practice (Wright : Bristol, I 964) . 

I n  summary, the crushing effect of body weight on the walking foot  i s  
added to a s l ipping that occurs between the bony framework of the foot 
and the ground beneath as each step is taken .  This slippin g  does not 
occur in  a foot  with competent muscu lature ; but  when sensory and motor 
loss is present ,  the loss of control by the intrinsic musculature al lows the 
soft tissues to be ground between bone and walking surface beneath, so 
that tissue necrosis takes place . The necrotic material slowly tracks to 
the surface, breaks through the sk in and an ulcer is formed. The distri­
bution of these ulcers is described in  a later paper and is recognized to be 
that of the poin ts of maximum walking pressure. 

T H E  N A T U R A L H I S T O R Y  O F  P L A N T A R  U L C E R  

The course of the lesion from i ts earliest beginning to frank ulceration 
can be readily observed whenever patients are submitted to regular weekly 
i nspection.  The duration and the ultimate permanent disability depend 
on two factors - the extent  of pyogenic infection of the deep tissues, and 
the degree of collapse of the architecture of the foot which takes place. 
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In l imi ted cases ,  the l es ion may consist  of a chronic ulcer with bou ts of 
acu te pyogenic infect ion ; in more advanced cases , the at tachment of the  
l igaments of the foo t  may be i nvolved and co l lapse takes place .  When 
col lapse of the foot occurs,  the primary ulcer may heal spontaneously and 
it i s  then often fol lowed by a new ulcer at the prominent  area of the sol e .  
This latter u lcer may then persis t i ndefin i te ly and even prod uce to ta l  
destruction of the foot .  

The natura l  history may therefore be considered i n  fou r  phases : 
I .  Primary tissue damage 
2 .  Primary plantar u lcer 
3. Col lapse of foo t 
4. Appearance of secondary u lceration .  

I .  Primary Tissue Damage 
The sequence of events leading to ulceration passes through two stages 
that have been described as the pre-ulcerative s ta te and the necrosis blister. 

The pre-ulcerative state consists of local ized swel l ing,  deep tenderness, 
and evidence of deep oedema, such as spreading of adj acen t toes . The 
disabi l i ty is not  severe enough to make a patient seek treatment ,  so that 
it wil l  not be observed apart from regu lar foot- inspect ion .  The sites 
affected are the pads over the metata rsal  heads, the base of  the fi fth 
metatarsal ,  the hee l ,  the i n terphalangeal joint of the big toe (and some­
times of the second toe) and the pu lps of the toes . The t ime from the 
earl iest symptom unti l  the appearance of the next stage ( the necrosis 
bl ister) i s  four  to six days.  This i s  the most favourable t ime for t reatment 
and the les ion wi l l  reso lve in  a few days either by bed-res t or  by the use 
of footwear with rigid sole and soft i nsole .  Untreated, it passes i nevi tably 
i n to the next s tage . 

The necrosis blister is observed when the necrotic materia l  from the deep 
tissue approaches the skin-surface . It is seen characteris t ical ly as a fl u id 
col lection , sometimes bloodstained, a t  the border of the hard skin  of the 
sole .  This  means that i t  i s  seen either at  the lateral  or  med ia l  borders of 
the foot ,  or in  the fold  between the toes and the metatarsal pads. The 
s i tes are i ndicated by the edge of the shape left by a footstep in  sand . The 
blister i s  largest at the heel ,  where i t  may contain 6-8 cc of steri l  necrotic 
fluid . It i s  smallest at  the anterior border of the metatarsal pads, under 
the toes where i t  may be mistaken for a banal or fungal infection . When 
the necrosis bl ister tracks to the surface directly through the hard skin 
of the sole ,  as i t  sometimes does,  the swel l ing is hardly observed unti l  the 
necrotic material i s  subcuticu lar ; i n  this  case the result ing les ion is col lar­
stud i n  shape and wil l  give rise to a col lar-stud type of u lcer. The necrosis 
blister rapidly becomes an ulcer if  untreated ; under trea tment ,  i t  resolves 
in 1 0  days . 

Both the pre-u lcerative s tate and the necrosis-blister are i l l us t ra ted in  
the new edition of  Cochrane and Davey . 
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2. Primary Plantar Ulcer 
The s i tes of primary plan tar u lc e r  are those of the previous necrosis 

b l i s ter , bu t it i s  not uncommon for u lcers over adj acent  metatarsal heads 
to fuse and form a long ulcer across the metatarsal pads. The mu l t iple 
ulcer on adj acen t toe-tips i s  real ly one ulcer spread over several toes . 

The importance of the ulcer, insofar as i t  concerns the fu ture of the 
foot ,  can be considered as fol lows : 

The most dangerous u lcer  is that  over the base of the  fifth  metatarsa l .  
The next i s  t ha t  of the  hee l ,  t h e n  t ha t  over the  fi rst metatarsal head . 
The leas t  dangerous to the foot  are the toe-t ip u lcers . 

The reasons [or this wi l l  be seen in  the section on col lapse of the roo t .  

F I G .  I e  ( left) 
(c)  Stage of Consol idation. 

F I  G .  I a  (top left) 
The Healing Process during Treatll1ent with 
Footwear with Rigid Soles 
(a)  Stage I .  Diminution of exudate. 
This ulcer, under the in terphalangeal jo int ,  was 2 cm. 
in  diameter with considerable exudate, 1 0  days pre­
viously. I t  is now dry and epithel ium is growing i n  
ra pidly. 

F I G .  I b ( t o/) right )  
(b) Stage of Epithel ia l  Cover. 
These four  ulcers epithel ial ized under a petroleum 
jelly dressing with in two weeks, using footwear with 
r igid soles. Epithel ia l  cover proceeds rapidly if  foot­
wear is worn consistent ly .  

Tissue repair  progresses under the epithel ia l  cover, unt i l  the superfic ial  scar resembles 
the surrounding skin. Th is ulcer healed wi th in  four weeks, after being open for nearly 
two years. Note the deformity caused by a previous metatarsectomy which made it 
d i fficu l t  to fi t  footwear. 

The s tages by which the ulcer progresses have been described in several 
papers ,  so that the pre�en t  occasion i s  taken to demonstrate the pathology 
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in  reverse , so Lo speak. This can be observed by watch ing  the heal ing 
that occurs when an ulcer is t reated withou t  any local  applica t ion ,  except  
that the patient wears footwear with rigid sole . The fol lowing st ages are 
recognized : 

( i )  Cessation of exudate ( Fig.  I a) .  
The first sign of heal ing is a lessening of the exudate and this wi l l  be 

obvious within 24 hours, and is i ndependent  of pyogenic infection .  I t  
represen Ls the beginning o f  deep-tissue repair. 

( i i )  S tage of epithelial cover ( Fig. I b) . 
As soon as exudate begins to lessen ,  epithel i u m  rapidly grows i n  from 

the edges of the u lcer. Epithel ial  cover is replaced with su rpri s ing rapidi ty  
and defects of 2-3 cms can be completely covered within a week .  

( i i i ) Stage of Consol idation ( Fig.  I C) .  
When epithel ial ization is complete ,  the risk of secondary pyogenic 

infection ceases, but  the ' u lcer' wi l l  rapid ly recur i f  footwear is abandoned . 
Treatment - which in  effect means continuation of the use of rigid-soled 
footwear - must be cont inued so that the scar consolidates in the deep 
tissues ; at  the same time, the superficial tissues and skin begin to take on 
the appearance of normal sole .  This may be so effective that the site of 
ulceration may be difficult  to recognize . 

I t  is obvious from the above that a satisfactory method of treatmen t  for 
uncomplica ted plantar u lcer is the use of footwear with rigid sole . This is ,  
in  fact ,  what the writer uses in  al l  such cases,  the ulcer being covered wi t h  
simple vasel ine dressing to preven t  soi l ing o f  t h e  footwear. 

3. Collapse of the Foot  
The shape of the foot ,  which is commonly referred to as i ts arches ,  is  
maintained for the most part by the shape of the bones and the very strong 

F I G .  2 
Plantar Ulcers and the Ligalllents 

of the Foot 
Note that the common sites of ulcera t ion 
overlie the points of attachment of the 
important plantar ligaments of the foot .  
The heel ulcer may involve the attachment 
of both the plantar aponeurosis and the 
long plantar ligament. The mid-lateral 
ulcer overlies the anterior a ttachment  of 
the long plantar l igament ; it is also i n  
close proximity t o  t h e  series o f  tarso­
metatarsal joints and to those of the 
tarsal joints leading from the cubo­
calcaneal region .  This ulcer is therefore 
the most potentially dangerous of all 
plantar ulcers. The ulcers over the metatarsal 
heads do not seriously jeopardise the 
anterior attachment of the plantar 
aponeurosis because of the multiple 
attachments of the latter. 
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l igamen ts espec ia l ly the  p lan t� r  aponeurosis and the p lan tar  l igamen ts ,  
long and shor t  ( Fig .  2 ) . 

Muscu lar  force ,  app l i ed t h rough tendons ,  is used ma in ly to preven t  
u n d u e  s t ra i n  on these l igaments ,  bu t  even comp le te  muscu lar pa lsy does 
no t cause co l lapse of the foo t .  The importan t l igamen ts are a t tached as 
fol lows : the plan tar aponeu rosis s t retches from the  calcaneum forward to 
the heads of the metatarsal and bases of the phalanges , and i t wi l l  be 
observed that  there is a mu l t ip le attachment in front .  

The impor tan t  long p lan tar  l igamen t  passes la tera l ly from the cal­
caneum to the under-su rface of the cu bo id and adj acen t bones .  It  w i l l  be 
seen a t  once that plan tar u lcers l ie over the a t tachmen t  of t hese l igamen t s , 
and i t  w i l l  be recal led tha t  t he breakthrough of a necros is bl ister from the 
deep tissues to the sk in  w i l l  expose these l igamen tous a t tachme n ts a l mos t 
immed ia te ly to the  r isk of pyogen ic  i n fect i on .  

The  fur ther s teps i n  the  natu ra l  h i s tory of a p lan tar u lcer tha t  is not  
hea l ing  then proceeds as fo l lows : os teoporos is with direct infection of 
bone where plan tar l igaments are a t tached - part ia l  detachment of under­
lying l igamen t - col lapse of arch - pro j ec t ion of abnormal bony promin­
ence i n  sole offoo t - frict ion-pressure u lceration over new bony prom inence . 

I t  should be observed tha t co l lapse may fol low the os teoporosis that 
fol lows longs tand ing d isuse a trophy of a foo t that  has borne an ulcer for 
years ; this  is so whe ther or no t there is d i rect  pyrogenic infec t ion of the 
bony a t ta chmen t of the l igamen t . 

The secondary u lcers that may occu r depend on the type of col lapse 
that has taken place and it is helpfu l  to describe la tera l col lapse, medial 
col lapse and tota l col lapse of the arches of t he foot .  These may occur 
wi thou t resu l ting h sec:)11dary u lceration , but as the occurrence of this 
special type of ulceration emphasises the pathology, the types of collapse 
are described i n  the next sect ion .  

4. Secondary ULceration 
As the foot is progress ive ly weakened by long i n fect ion or osteoporosis , 
the arches are progress ively flat tened by the weight of the body.  Clinical ly,  
this event  is  noted by the proj ect ion,  in  the sole, of bony prominences that 
do not normal ly occur .  The sk in overlying these prominences may remain 
in tact ,  but  often superfic ia l  u lceration , due to frict ion-pressure, follows 
and then remains as a chronic or permanen t  l esion on the presenting 
surface of the sole of the foot .  This ulcer has been ca l led ' s tatic u lcer' , in 
dist inction from the 'dynamic ulcer' which occurs a t  the beginning of the 
presen t  c l in ical history of plan tar u lcer.  

The lateral arch depends largely on the in tegri ty of the long plantar 
l igament  and when it  col lapses i t  a llows the fol lowing bony prominences 
to appear in the sole - the tuberosi ty of the cuboid and the anterior 
tubercle ( keel )  of the calcaneum.  These two fal l  roughly in a line from the 
lateral tu beros i ty at the  pos terior part of the  calcaneum at the heel, to 
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F I G .  3 
Plantar Ulceration in Collapse of the Longitudinal Arches of the Foot 

The d iagram l i s t s  t he s i t es of p lan ta r  u lcera t ion wh ich  represen t  col l a pse of t he longi­
tudinal  arches as fol l ows : 

I .  Overly ing the t u beros i t y  of t he cuboid .  
2 .  Overlying t he a n t erior t u bercle ( keel )  of t he calcaneum .  
3 .  Overly i n g  t h e  base o f  t h e  first meta tarsa l .  
4. Overlying t h e  med i a l  cuneiform . 
5. Overl ying the t u berosity of the navicular .  

PPH 2 ( Prox i mal Phalangeal H ead 2 )  represen t s t he u lcer that  somet imes occurs over 
t h is bony prominence when the second toe a t temps t o  take over t h e  wal k i ng funct ion 
of the big toe. Th is occurs when t here is fa i l ure of t he i n t ri ns ic muscu la tu re of the b ig 
t oe . 

( a )  

� Cub 
" Cal 7!) 
��� 

p S S P  P 
2 1 

(a)  Col l a pse of la teral arch . 
P represen ts  primary plan tar  u lcera t i o n .  

( b )  
Nav 1 s t cub 

C0w� P S S S .. P 
5 4 J 

S represents  secondary u lc erat i on fol l ow i ng col lapse of' t he arch . 
(b)  Col lapse of med i a l  arch . 

The n u merals refer t o  t he bony poin ts on t he d i agram of t he sole of the foo t . 

the tuberos i ty on the base of the fifth metatarsal ( Fig .  3 ) . An ulcer due 
to these prominences will  l ie along this l ine ( Fig.  4) . 

The medial arch is much longer than the lateral and is supported by 
many structures ; but  the plan tar aponeur osis and the many ligaments 
u nder the tarsal jo ints are mainly responsible for i ts shape. Detachment  
of one or more slips of the  anterior at tachment  of the  p lan tar aponeurosis 
is  not l ikely to a l low col lapse of the arch , because the others remain 
in tact .  I n  fact ,  ulceration over one or more metatarsal heads does not 
usually lead to collapse of the foot .  
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F I C .  4 
Col l apse of the  la teral arch resu l t s  in  
u lc ers a long a l i ne  from the base of the  
firth  metatarsal to the la teral ha lf  of the  
heel . 1 n t h is case, the calcaneum is 
part ly destroyed and the u lcers overl ie 
the tuberos i ty  of the cuboid and the keel 
(anterior tubercle) of the calcaneum.  

F I C .  5 
Secondary Plantar Ulcer 

This les ion,  some t imes ca l l ed fric t ion­
pressure u lcer or ' s tat ic '  u l cer, t o  d is t in­
guish i t  from the 'dynamic '  u l cer caused 
by walk ing on a mobi le  foot ,  occurs on 
the promi nence of a foot that  is  tota l l y  
col lapsed . 

The arches have a l l  g iven way and the 
keel  of t he calcaneum underl ies the 
u lcerat ion . This i s  often cal led a 'boat­
shaped' foot .  

However, ulceration of the heel often leads to weakening and even 
detachment  of a major part of the posterior attachment  of the plantar 
aponeurosis .  Col lapse of the medial arch then al lows new bony promin­
ences to appear i n  the sole ,  and these again are i n  a roughly l inear order 
proceeding medially forwards from the tuberosi ty of the calcaneum ;  
these are the tuberosity of the navicular, the medial cuneiform and the 
base of the fi rs t  metatarsal bone (F ig .  3 ) . The overlying ulcer ,  if i t  occurs ,  
demonstrates this clearly. 

When both arches, lateral and medial ,  collapse, both l inear ulcers may 
occur together.  However, i t  is more usual for total collapse of the foot  to 
follow a differen t  course . 

Total collapse of the foot allows the foot to take up ,  passively, the shape 
of a rocker which closely approximates to that which is carved on to the 
sole of wooden rockers. It is often called the ' boat -shaped foot' . The 
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promin ence in  the sole i s  t he ante rior end of the calca n e u m  and is main ly  
t h e  keel of the  bone .  

An u lcer t h e n  appears to be direc t ly  centra l  in  the so le  ( Fig .  5 ) . If 
u lceration does not  occur, the col lapse of the foot  is to ta l and if  i t  is pai n ­
less i t  can produce a su rpr isi ngly good rocker to  the foo t . I t  i s  often 
observed that as the rocker deve lops , any exis t ing true ( ' dynamic ' ) 
plan tar ulcer wil l  heal  spontaneously .  I n  effect ,  the body has achieved 
what we endeavour to do by using specia l  footwear - it produces a state 
i n  which the  strain of walking no longer fal ls on the fron t  of t h e  foo t a t  
i ts maximum press u re ; i n  conseq uence , pri mary u lcers hea l  spon t a n eous ly .  

D I S C U S S I O N  
The description of the natural  history of p l an ta r  u lceration i n  leprosy 
shows that  a small lesion of the foot  may, i f un treated,  progress inexorably 
to total collapse of the  foot .  If this lat ter cond i tion is also crowned by a 

chronic secondary u lceration , the foo t may be tota l ly  lost  as far as function 
and use i s  concerned . In addition , i t  is clear that the cause of the in i tia l  
u lceration is  a mechanical upset  that  can be contro l led . I n  fac t , medica l 
know ledge of the lesion is such that every disabled foot i n  leprosy should 
indicate lack of sufficien t  care on the part  of the patien t  or of the medical  
at tendan t . Wi th  the co-operation of both , leprosy should run its  course to 
final arres t by therapy, without any major deformity or  disabi l i ty of the 
foot  other than the loss of anesthesia (which may be inev i table)  and some 
motor palsy (which can be compensated ) . 

S U M M A R Y  
I .  The major factor i n  the etiology o f  plantar u lcer is mechanical . 
2 .  The natura l  his tory of the l esion i s  described in  detai l  from i ts earl i es t  
beginning to fina l  destruct ion of the foot .  
3 . I t  is  emphasized that  plantar u lceration can be preven ted , can be 
arrested at  whateve r  s tage i t  has  reached, and .  should never be al lowed 
to produce the deformed and defective feet  that  are st i l l  on ly too common 
in  areas where the disease of leprosy is endemic .  
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