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The management of pLantar u lcers i n  leprosy 

E. 

reflects the 
uncertai nty as to the cause of the  cond i t ion ,  and has been largely 
d i scouraging. Trophic u lcerat ion of the foot i s  not pecu l iar  to 
leprosy but occurs in other neu ropath ies, i ncl ud ing  tabes dorsalis ,  
syri ngomyel ia  and d iabetes mel l i t us .  I t  i s  therefore the express ion of 
a les ion common to these widely d iverse d i seases . The present 
s tud ies s upport the content ion  that  the responsib le factor i s  a fai lure 
of the mechanisms which protect normal  plantar t i ssues from the 
damage which would otherwise resu l t  from the pressures and 
frictions  of walking.  

The methods of t reatment  which have been advocated cover a 
wide field, ranging from local i nject ions  of ant i - leprosy drugs 
(Cochrane, 1 940, Dharmendra et 01. 1 955 ,  Ekambaram, 1 960) to 
methods a imed at control of mechan ical factors, e.g. , novocaine 
block

01. 
ade (Vischevsky,  1 938)  or  local excis ion of t i ssue (Newman 

et 1 955) .  The on ly consistent observat ion is that the use of a plaster 
cast permi t s  heal ing i f  it is cont inued long enough . The earliest 
reference to  th i s  appears to be that of Khan (1939) and represents 
t he applicat ion of principles enunciated by Trueta in  the treatmen t  
o f  war wounds dur ing the Spanish c iv i l  war. The success o f  t he  
method has  been confirmed by  several observers (Mi l roy Paul ,  1 947, 
Fisher, 1 955 ,  B ose, J 956) and by the presen t  wri ter .  Heali ng  
proceeds under a plaster cast wi thout  local t reat ment ,  without relief 
of pressure, wi thout antibiot ic t herapy; and i t  can only be concluded 
that the essent ia l  factor is mechanica l .  The rel uctance of many to 
employ th i s  method stems undoubted ly  fro m  a natural  fear of 
apply ing p laster to  an anaesthetic foot,  and to the frequency with 
which the ulcerat ion recurs after removal of the p laster. 

The important q uest ions are why does a plaster cast permit 
heal ing  and why does the ulcer recur after removal of t he cast? 
The answer appears to be that the act ive factor promot ing healin g  
i s  control  o f  t h e  movements o f  extens ion,  u nder pressu re,  o f  the 
various flexu res of the sole ; and control  of the rotat ions under pres­
sure, round the poin t  of contact at the heel and push-off at t he t ips 
of the toes dur ing each step of walk ing .  The ulcer recurs becau se 
t hese movements are renewed when walk i ng  i s  resu med . 

The solut ion of the problem of plantar u lceration  can be summed 
up as follows : the control of plantar damage dur ing  walk ing, the 
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avoidance of u lcera t ion ,  and the  con t rol of i n fect ion  and of loss of 
sk i n  if u lcerat ion  does occur. 

I t  is st ressed t hat u lcerat ion need not  occur, and i s  a seri ous 
compl icat ion  of the plantar les ion . The management of the  cond i t ion  
i s  therefore discussed under the head ings:

I .  The pre-u lcerat ive stage . 
2. The stage of fran k  u lcerat i on .  
3 .  The  stage of healed u lceration  ( t h reatened recurrence) .  

1 .  The Management of  the Pre-Ulcerative Stage 

I f  ulcerat ion  is avoided, the d i sabi l i t ies of the  neuropat h ic foot  
are largely obviated .  To avoid u lcera t ion ,  there is  no  subst i t u te for 
regular inspecti on  of the feet by a tra i ned observer. I t  should be a 
max im of leprosy t reatment  that regular hand and foot i nspection  is  
a necessi ty for rehabi l i tation .  This  i s  especia l ly  the  case when the  
pat ient  h i mself cannot  be rel ied upon to  observe and report early 
signs and symptoms of foot damage.  If t reatment i s  to be carried 
out adeq uately, a method of record ing  rapid and accurate observa­
t ions  i s  essent ia l .  The fol lowing is  fou nd to serve wel l : 

(a) Record the extent of anaest hesia to  l ight  touch ( Fig .  I ). The 
degree of sensat ion  to  l ight  touch i s  tested by l ight s trok ing  with a 
feather and recorded on charts of the plan tar, media l ,  and lateral 
aspects of the foot .  The feather  is d rawn cen t ral ly from the t i ps of 
the toes along the sole and towards the k nee. It i s  unnecessary to 
denote the upper l i mi t  of anaesthesia reaching  above the  ank le .  
The observer wi l l  be s urprised to  find how sens i t ive i s  the  normal  sole 
of barefooted people to th is  mi n imal stimu l us .  

(b) Record or  i nd icate on a chart the areas of act ua l  and poss ible 
plantar damage, or use a system of abbrev iat ions ( Fig .  2 ) .  

The presence of an u lcer should not det ract from the i m portance 
of pal pat i ng  the  other classical poin t s  of plantar damage. 

(c) Assess the extent of loss of sk i n .  The diameter of the  u lcer 
in cm. serves to i ndicate the m in imal extent of l oss of s k i n .  Any  
gain i n  sk in  tha t  could be  obtai ned by  t raction  on  the  edge of the  
skin i s  certainly offset by the  loss d ue to  poor v iabi l i ty of the ski n  
and its fixat ion to t h e  underlyi ng t i ssues b y  i n fection .  

(d) Est imate t he degree of i nvolvement  of deep t i ss ues. I nfect ion 
must  first be control l ed, and th i s  may cal l  for pro longed t reatment 
i f  bone i s  i nvolved. An  X-ray is  usefu l  but  underest i mates the  exten t  
of bone i n fecti on .  A useful cl i n ical gu ide  i s  the amount  of d ischarge 
from the u lcer or s in us .  The cessat i on  of d i scharge is a favourable 
sign, but i t  is s tressed that chronic bone i n fection  may be i neradicable. 
Extens ive scarring of the plantar tissues fol lowing infect i on  may 
render the foot i ncapable of rehabi l itat ion for wal k i ng, even when 
the infection  i s  eradicated . 
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Us ing  t he above methods of 'record ing the cl in ical condi t ion ,  the 
initial control o/neuropathic/eet ca n begi n .  The fol lowing i s  a su i table 
proced ure : 

(a ) Examine every pat ient  for anaest hesia of the  sole to l ight  
touch . 

(b) Cases wi thout  anaesthesia are excl uded from further immed i­
ate observat ion .  

( c )  Cases wi th  anaesthesia are  t hen exami ned in  deta i l  and the  
resu l t s  recorded . 

The pat ient  s i ts  before the examiner and rests h i s  Ach i l les tendon 
on a support so t hat the whole sole i s  vis ible .  The toes are observed 
for degree of spreadi ng, and the plantar su rface for breaches of sk in  
or areas of cal los i ty .  The  danger areas are t hen systematical ly 
pal pated whi le the pat ient i s  kept u nder scrut iny for s igns of dis­
comfort . Local ised swe l l i ng i s  also sought at t hese areas . 

T n  the early days of control ,  i t  may be better to let pass some 
cases t hat appear suspicio us,  so as not to i ncrease the number of 
patients to  be t reated , as th i s  number wi l l  be surpris ingly large ; but  
i t  i s  safer to regard any cases wi th  l ocal swel l i ng, l ocal tenderness to 
palpat ion ,  or l ocal splay ing of the toes as potent ia l  cases of u lcerat ion .  

The pat ients w i l l  t hen  be  d iv ided i nto groups, those wi thout  
anaesthesia, those wi th  anaesthet ic so les  but  wi thout  loca l i s ing signs 
of plantar damage, t hose with anaesthet ic soles but with local i s ing 
s igns ,  and fina l ly,  t hose wi th  plantar ulcerat ion .  Treatment for each 
group is then i nsti t u ted as described below. 

The i n i t ia l  control of a leprosariu m  of 500 pat ients wi l l  take a 
month before t reatment can be begun .  I t  i s  as important to exclude 
t hose who can be safe ly excl uded as to  i ncl ude those who o ught to be 
u nder observat ion .  

After the  i n i t ia l  control and i n i t iat ion of t reatment ,  t he second 
phase begins-that of routine control of the feet  ( and hands) of 
pat ients  w i th  leprosy. The freq uency of inspect ion depends on t he 
anaesthesia,  on the  general condi t ion of the pat ient and on h i s  inte l l i ­
gence . 

Those wi thout  plantar anaesthesia are examined at three­
month ly  i ntervals to record t he progress of the nerve damage. This 
i s  important even in cases with defin i te u lcerat ion .  I t  i s  not i nfrequent  
to find that  sensati on  to  l ight  touch  retu rns to a sole that presents 
an  ulcer. In t hese cases, the chronic i ty of the u lcer i s  d ue to underM 
ly ing bone i nfect ion,  i nadequate s k i n  cover, or to other compl icat ing  
factors such as c i rcu latory deficiency. 

Those w i th  anaesthet ic soles are examined at least every two 
weeks ; u nco-operat ive patients need week ly  i nspection ,  as do those 
of low i ntel l igence. Freq uent i nspections are also needed at periods 
of special  st ress on the feet, such as t he p lant ing season,  or the dry 
season .  
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When the leprosari um i.s under cont i n uous adeq uate cont rol ,  
the  occurrence of any plantar u lcerat ion wi l l  be considered as a 

penet rat ion  of t he l i nes of defence that shou ld pu t  t he medical 
at tendant on his mett le .  

The t reatment of th reatened p lantar  ulcera t ion i s  on  the fol lowing 
l i nes .  The pat ient  i s  pu t  to bed wi th  the  foot of the bed rai sed, though 
he i s  a l lowed to  move w i th  the help of a cru tch to perform his to i le t .  
The plantar oedema and tenderness wi l l  d i sappear i n  a week or ten 
days and the pat ient  then resumes normal act iv i t ies wi th  r ig id sole 
footwear. A l ternat ively, the pat ient  remains  in bed for t h ree days 
un t i l  the i n i t ia l  oedema has subsided, and a plaster cast i s  t hen appl ied 
to enable h im  to be ambu lant .  The advantage of the  lat ter method 
is t hat he can ret urn home un t i l  h i s  footwear is ready, work which 
may be delayed i n  a busy shoe shop.  

2. The Management of  Plantar Ulceration 

I t  m ust be remembered that the  pri nci ples of plast ic and ort ho­
paed ic su rgery apply to t hese u lcers as to others .  M uch of the  d i s­
appo in tment  i n  the t reatment of t rophic u lcers stems fro m  fai l ure 
of t reatment t hat would be i nadeq uate i n  the u lcerated foot  of an  
otherwise hea l thy ad u l t .  Long-st and ing i n fect ion i s  d ifficul t  to  
erad icate i n  ideal cases. The  hea l i ng  of a large ulcer by  scarri ng w i l l  
not  support the strai n of wal k i ng i n  t he best feet ; extens ive deep 
scarri ng w i l l  not su pport t he pressures and tens ions of act iv i ty  i n  
any case wi thout  some support . 

The adequate care of p lantar u lcerat ion  i ncl udes the  manage­
ment  of i nfect ion,  and measures against  loss of s k i n .  

Management of infection 
I n  genera l ,  i n fection w i l l  be overcome if the t i ssues are protected 

from repeated trauma and if the  c i rculat ion is adeq uate. A nt ib iot ics 
can speed the  hea l ing.  The best encouragement of heal i ng  is the 
appl icat ion of a wal k i ng  plaster after i n fect ion and oedema are 
con t ro lled . I t  i s  not necessary to apply a weight-bear ing cast, bu t  
one reaching  to the t i bia l  condyles wi l l  be  found more comfortable 
than a shorter one, and less l i ke ly to  cause pressu re sores. A su i table 
cast i s  described in Appendi x  I .  

After control of the oedema and i n fect ion  by a few days i n  bed 
(assisted if desired by the adm in is trat ion of an ant ib iot ic), the s imple 
saHne  dressing  which has been used i n  bed i s  replaced by a vasel ine  
gauze cover, and the plaster cast is  appl ied before the patient  leaves 
the bed . W hen it has dried, the pat ient  begins to walk ,  ass i sted at 
fi rst by a stick or  crutch . If necessary, casts can be appl ied to both 
feet s imultaneously and the patient soon learns to walk as on st i l ts .  

He i s  seen dai ly  for the first week and any s i te of pain i s  exposed 
by opening  a window in the cast ; if no s k i n  damage is found,  t he 
plaster is repaired. Attent ion i s  also paid to the odour  at the ends of 
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FIG. I .  Chart for recording foot lesions 

(a), (b) and (c) indicate areas of anaesthesia to l ight touch. The upper level of 
anaesthesia above the ankle is unimportant in plantar lesions. 

(d) represents the extent of plantar damage. The abbreviations are described 
in Figure 2. The V sign is placed between two toes which show splaying. 
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FIG. 2. Sites of plantar damage 

I t  is useful to indicate concisely sites of observed 
damage. The scheme is as follows : 

IT toe tips 
PPH proximal phalangeal head (of 1 st toe) 
M H  metatarsal head 

mid-Iat mid-lateral (tubercle of 5th metatarsal) 
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(ct..) 

(e) 

FIG. 3. Supporting frames for walking plaster casts 

(a) the common U-iron is made of steel band, with welded top and rubber heel.  
(b) a s imple subst i tute is t in .  (0.64 cm.)  i ron rod, used by bui lders. 
(c) alternatively, a wooden sole bearing a rocker can be added to a s imple cast. 
(d) another subst i tute is 3 in .  (7.62 cm.) welded mesh, used by builders. This can 
reach the ground, or be used as a support and i ncorporate the wooden sole. 

In all cases the project ing part beneath the sole must be high enough to enable 
the toes to clear the ground when walking. 
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FIG. 4. The walking plaster cast 

(a) Felt padding. This is used at the upper and lower limits or the east, exeept 
aeross the sole. lt is important to proteet the tendons in front of the ankle, as 
well as the malleoli and heel. 
(b) The adequate east must support the toes and proteet the tips, be suffieiently 
high off the ground to avoid damage to the 'heel' or 'toe' of the east when 
walking, and be supported at the optimal point. 
(c) Oplimal point of support. This is just anterior to the mid-point of a line 
joining the metalarsal pad 10 lhe baek of lhe heel. 

(c) 



(a) 

Ao-___ _ __ � _ -

FIG. 5. The Slal/dard Rigid Sole SaI/daI 

(a) The wooden sole. This must be long enough to protect the toes, and rise 
sharply enough from the metatarsal pad to make possible the rolling movement 
needed for walking . .  
(b) The complete sandal. The leather heel piece incorporates a heel stiffener; the 
straps also are of leather and ali are lined with felt. The insole is sponge rubber 
bonded to canvas as used for carpet underlays. The heel and sole are protected 
by rubber; special sizes and shapes are obtainable from c10g manufacturers. 

-

0\ 
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the cast, and one soon recogn ises t he hea l thy sme l l  of a hea l i ng  ulcer 
from one d ue to ski n  damage. 

I n  a short t ime it becomes poss ib le to apply a cast wi th confidence 
secur ing the  absence of traumatic poi nts  of pressure. 

The cast i s  t hen  examined weekly after t he first  week, and i s  
removed after s i x  weeks .  I n  many cases, t h e  u lcer i s  a lready healed . 
I f  no t  the  cast i s  reappl ied repeatedly un t i l  hea l ing  occurs .  This may 
take a year i n  d ifficu l t  cases . Wi th  experience the i n i t ia l  heal i n g  can 
be hastened by the j udic ious use of Thiersch ski n-grafts,  but th i s  
must no t  be  considered as  permanent ly  adeq uate cover. When  
heal i ng has  occurred, the  q uest ion  of the sound ness of sk in  cover 
arises. 

Management of Sk in Loss 

This  is a problem of plast ic surgery, and few except spec ia l i sed 
cen t res wi l l  have the necessary ski l l  or fac i l i t i es .  It must be emphasised 
however t hat a healed ulcer w i l l  break down u nder st ress u nless sk in  
cover i s  adeq uate. Ski n  cover i s  adeq uate i f  the  area of ski n  l oss i s  
replaced by ski n  i n  complete or part ia l  t h ickness ; i t  i s  not  adeq uate 
(except in min imal cases) i f  cover consists of scar t issue with an 
epithel ial or  Th iersch-graft su rface. The breaking down of a healed 
ulcer may t herefore represen t  the call for a plast ic proced ure beyond 
the possib i l i t ies of a local leprosari um. The ulcer i s  then ' i ncurable' 
u nder local c ircumstances . B u t  i f  adequate footwear i s  provided 
scars otherwise precarious  may s upport t he s tra ins  of walk ing  
s urpris ingly wel l .  Description of  adequate footwear now follows. 

3. The Management of Healed Ulceration 

The heal i ng  of a plantar u lcer m ust be considered as on ly a stage 
in the  t reatment .  If further measu res are not  taken ,  t here is l i kely to 
be a recu rrence . These measures i nclude provis ion of special foot­
wear, for which the essent ials are a r ig id sole and a soft i nsole .  The 
r ig id sole forestalls deep damage between soft t i ssues and the bony 
skeleton of the  plantar reg ion .  The soft i nsole forestal ls damage 
caused by frict ion between the sk in  s urface and the  i mmediate 
poin ts  of contact .  The writer has found  that the above cri ter ia are 
best met i n  Africa by the  use of wooden soles, carry i ng a sponge 
rubber i nsole .  A l l  avai lable alternatives have been t ried, plastics, 
rubber tyres, fel t ,  etc . ,  but fou nd u nsat isfactory for var ious reasons .  

A foot  w i thout  deformity can be fi tted wit h  a standard sandal 
(Append ix  2) but any marked deformity from scarring necessitates 
special ly prepared footwear (Appendix  3) .  Regu lar  foot  i nspection  
i s  as i mportant  for t hose wi th  footwear as for those wi thout ,  i n spec­
t ion which i ncludes the footwear as wel l as t he foot .  
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In  brief, r ig id  so le  footwear is i nd icated for a l l  cases which fa l l  
i n to the fol lowing categories : 

(a) Feet with th reatened plantar u lcerat ion .  
(b) Feet w i t h  healed plantar u lcerat ion .  
I n  the early days of  control ,  most cases w i l l  be  t hose w i th  

recent ly healed u lcer ; but  as  control proceeds the proport ion  
changes, un t i l  fi nal ly footwear i s  on ly found on  pat ients w i th  
t h reatened u lcer, no cases of actual  u lcerat ion  bei ng permi t ted to  
occu r. 

The fai l u re of adequate r igid sole footwear to con t ro l  the 
occurrence, or recurrence, of plantar u lcerat ion is  an  ind icat ion  of 
the  existence of an un t reated compl icat ion .  

For  conven ience of  reference, the  common compl icat ions are 
summarised here, though t reat ment is described elsewhere : an 
unco-operat ive pat ient ; i nadeq uate skin cover for the  u lcer ; per­
s is tent bone i n fect ion ; bad ly  fi t t ing sandals ; i nadequate circu lat ion .  
whether hypostatic and connected wi th  lack of exercise, or d ue t o  
lymphat ic or venous b lockade : other debi l i ta t ing cond i t ions ,  s llch 
as diabetes. 

The Results oj Treatment 
A series of cases has been under carefu l st udy at Oj i R iver, and 

the  fol lowing observat ions have a l ready been made. 
Attendance at the ' ulcer shed' fel l  from 75 dai ly to  u nder 1 5  

( not a l l  foot u lcers ) .  The ' u lcer shed' as a part of leprosari u m  
orga nisat ion  should b e  no longer necessary . 

The early u ncomplicated plantar ulcer wi l l  heal i n  abou t  3 weeks 
wi th complete rest in bed, but  takes a week longer i f  t reated in a 
wal k i ng  plaster from the start . 

A simple u lcer of longer du rat ion  w i l l  take s ix  weeks  to heal i n  a 
wal k i ng cast ,  and th i s  had been the usua l  t i me before removal of the 
fi rst cast .  The longest t ime necessary to  ach ieve heal i ng  was 1 5  

months .  There was no  obvious correlat ion  between t he len gth of 
t ime d uring which an u lcer had remained u n healed and t he t ime taken 
to  heal under plaster. 

U lcers which had persisted for three years healed someti mes in 
two months, whereas some recent  u lcers took a longer t ime.  

This means  t hat t he du rat i o n  of t he u lcerat ion  i s  less important 
than the actual compl icat ions  which are present .  

J t  i s  too early yet  to say when,  i f  at a l l ,  i t  w i l l  be safe to  re lax the  
use of rigid so le  footwear. I f  anaesthesia persists ,  i t  can be surmi sed 
that special footwear wil l  be necessary permanently,  and in th is  case 
it will demand the help of a professional  shoemaker to conceal ( in  
traditional footwear) t he particular t herapeutic features. 

I t  can however be confidently expected t hat t he odour, pro­
longed hospital isat ion ,  and associated u npleasantnesses of the many 
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cases of chron ic  p lantar u lcerat ion  can be averted , and that we can 
a im at the complete suppress ion  of this compl icat ion i n  leprosy. 

Appendix I .  The Walking Plaster Cast (Figs. 3 ,  4) 
To apply a satisfactory plaster cast for walk i ng, atten t ion  m ust 

be given to  protect ion  of pressu re poi nts  and of the toes, and to  the 
posi t ion  of the support i ng  frame. 

Before apply ing the plaster, the pat ient  should be recumbent 
wi th the foot of the bed rai sed for at least 24 hours in order to  combat 
any oedema presen t .  If fhis i s  not done the cast rapid ly becomes 
loose in the fi rst few days. 

The sk i n  i s  best protected with a s leeve of stocki nette,  but if th i s  
is omitted for reasons of  economy the  ha i r  of the l eg  shou ld  be  shaved 
to avoid the d i scomfort of hairs trapped in the plaster. I t  is often 
wise to  spri n k le a paras i t ic idal powder such as D DT on to  the sk i n  
before applyi ng the cast .  

Pressure poin t s  ( Fig .  4a) are then protected wi th a half- th ick ness 
of grey orthopaed ic  fel t  (i i n .  or 0.64 cm. ) ; th i s  fel t  readi ly pu l l s  
apart i n to  two layers and  i s  m uch cheaper than  the  wh i te  variety .  

The s upport i ng frame may be  of stee l ,  i ron  or wood ( Fig .  3 ) .  
In  e i ther case, the poi n t  of  su pport shou ld  be  j ust anter ior to  the 
midpoin t  of the  l i ne jo in i ng  the metatarsal pad to  the back of the 
heel  ( Ruding, 1 956). The project i ng  part must  be high enough to  
preven t  the ' toe'  of the plaster from scrapi ng the grou nd at  the end of  
the step. 

The toes are protected by ensuring that t he plaster sole projects 
beyond the t i ps, and i s  strong enough to  give adequate protect i on .  
After drying, which mus t  take place i n  bed before t he  pat ient  beg i ns 
to  walk, the pat ien t  is a l l owed up  and to  walk with t he help of a 
crutch or st ick ( if  necessary). A coat of varn ish for the cast i s  a usefu l  
protec t ion aga ins t  water and rai n .  

After a few days o f  use t h e  cast w i l l  become looser than i t  was on  
appl icat ion .  Even i f  i t  i s  obviously weight-bearing, th i s  i s  not of 
s ign ificance so long as it effect ively controls the extens ion movements  
of the so le .  H owever, loose casts  are more l i ke ly to  cause friction 
sores than casts which fit snugly .  

Appendix 2 .  The Standard Rigid Sole Sandal (Fig. 5). 
T n  prov id ing r ig id sole footwear i t  i s  conven ient  to prepare pairs 

of standard s izes of sandals .  This i s  done after a prel im inary s urvey 
of t he commonly  preva i l i ng  s ize of feet in the region .  The sole of the 
sandal  i s  then  prepared i n  wood, and uppers in  leather, and tbe i nsole 
in sponge rubber.  The best materials depend on  local conditions, 
but in Africa the fol l owing were fou nd most suitable after t ria l  of 
rubber tyres, th ick leather, and plastics such as polythene : 

Wood is t he easiest and cheapest materia l  to work for soles. It i s  
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easy to  obta i n  and can be worked by loca l craftsmen us ing the i r  
t radi t iona l  tools .  I t  i s  best to rely on the i r  j udgment as  t o  t he best 
wood to use ; a kapok t ree provides enough wood for a large lepro­
sari um for over a year .  The wood is  cut i n to  lengths of a metre or so ; 
the  core of heart wood is removed and the segmen t s  of t ru n k  are 
t hen stacked to dry. I deally, the wood shou ld d ry for a year or  more ,  
bu t  work can begin on  the  fresh wood . The shape of t he so le  i s  
i nd icated in Fig. Sa .  The sizes given i nd icate conven ient  proport ions .  
I t  i s  important  to  note t hat : 

(i) the pat ient ' s foot shou ld s lope s l ight ly  downwards,  from 
heel to  metatarsal heads ; 

(ii) the  sole then r ises sharply to t he toe of the  sandal ; 
(iii) t he poin t  of contact of the  forefoot u nderl ies the metatarsal 

heads of the foot ,  and t he sole then ri ses at an  angle of 20° to 
the  ground .  

These standards are those t hat meet t he mechan ical cond i t ions  
of  the walk i ng  forefoot, and are observed in  al l  rigid sole footwear 
such as clogs, army boots, farm wear. 

The uppers are made from local leather, and must be soft enough 
not to  chafe t he s k i n .  The heel i s  s t iffened by a heel st iffener t hat 
fits  between two layers of leather as i n  a pocket .  The best and  cheapest 
are the ord i nary commercia l  heel st iffeners suppl ied to sandal 
makers.  The heel piece m ust project a defin i te  d istance up  the back of 
the heel ; if  it i s  too short ,  i t  tends to l eave the heel at the end of t he 
step, whi le if it is too long i t  wi l l  cause a frict ion  sore at i t s  u pper end.  
The hee l  of a normal shoe can be observed for th i s  purpose. The 
straps are of soft leather, but  only t he ankle strap needs a buck le .  
All  leather is  l i ned wi th a ha lf  t hickness of t i n .  (0.64 cm.)  grey 
orthopaedic fel t ,  us ing an adhesive. 

The insole i s  best made from one of the types of rubber u nderlay 
manufactured in Europe and A merica f.or carpets .  It consists of 
sponge rubber bonded to  a canvas fabric which is readi ly cut to 
measure and can be fixed to a wooden sole by adhes ive or  by tacks .  
An example i s  Duralay. 

The complete sandal i s  fit ted to the pat ient ,  and may need s l ight  
modification .  The patient i s  observed dai ly for the first few days, 
especially when the anaesthesia extends up t he ankle .  I n  some cases 
it is essent ial  to provide short socks, when the s k i n  is  particularly 
susceptible to  i njury . 

When the pat ient  is d i scharged and l ives or works i n  a town he 
wil l  want the  characterist ics of h i s  footwear to be concealed and th is  
can be done eas i ly  by a sk i l led shoemaker but i t  i s  a professiona l  
job t hat wi l l  be  o utside the scope of t he average leprosari um .  
Appendix 3 .  Rigid Sole Footwear for Deformed Feet 

Deformed feet cannot be satisfactori ly fi tted wi th  standard 
sandals, and i n  most cases it is necessary to make special footwear. 
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I t  w i l l  be noted that i n  cases where i n fect ion  h as a l ready disorgan i sed 
the  forefoot the  desiderata of rigid sole footwear do not apply and 
the only pu rpose of t he sandal is to protect the foot from inj u ry .  
Gross ly  deformed feet may need amputat ion .  

The  procedure for a sandal is as fol l ows : 
A plaster cast is made of the foot .  A wood carver t hen prepares 

a negat i ve of the  sole on the upper su rface of a b lock of wood from 
which the sandal wi l l  fina l ly  be made. 

The negat ive need not be an exact fi t  but  shou ld  fol low t he general 
contour of the foot .  When th i s  i s  done the sandal is completed as for 
a standard model ; bu t  the posi t i on  of the  poi nt of con tact wi th  the  
ground and of the  s traps of the  uppers w i l l  vary from case to  case 
and demands sk i l l  and perseverance. 
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