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ET f O LOGY A N D  T R EAT M E N T  O F  P LA NTA R 

U LC E R S  

" Patients must not  wal k on  wounded feet" 

W.  F. Ross, M . B . B . S . ,  D .T . M .  & H .  

( This is a report of a talk given a t  the Schieffelin Leprosy Research 

Sanatorium, Karigiri P. O. ; Via Katpadi, N. A . ,  Hospital Day 1 960.) 

" Doctor my feet are k i l l i ng  me" is often the complaint  that 
brings patients with planter u lcers to us .  The treatment and preven
tion of these wounds would be made m uch easier if i t  were. As  it i s  
plantar u lcers can be  prevented and  cured i n  the great majority of  
cases bu t  on ly  by  pai nstak ing appl ication of wel l  understood 
surgical pri nciples. 

The extent of the problem 

H EMER I J K X  found 9 . 3 % of 2,479 out-patients at Polambakkam, 
in  S .  I ndia had plantar u lcers on one or both feet and the author 
found a simi lar proport ion, lO% of out-patients with plantar u lcers 
in E. N igeria .  

If these can be accepted as indicative of  the world incidence of 
plantar ulcers then, tak ing the W . H.O.  estimate of total incidence 
of leprosy which is l O  mi l l ion,  we have the alarming figure of 
1 m i l l ion patients with wounded feet .  

At Karigir i ,  between 25 and 30 of regular out-patients have or 
have had plantar u lcers and of these 50% are dependent on  relatives 
or society for thei r support. 

The prime d ifficulty in  prevention and treatment of u lcers is to 
gai n  the cooperation of the patients .  The treatments offered must be 
acceptable and effective. Many leprosy patients feel that their ulcers 
are an inevitable concomitant of their  d isease and their attitude can 
only be overcome by repeated and carefu l explanation and by the 
example of other patients whose feet are ulcer free as a result of 
treatment. 

Etiology and natural history 

This is necessarily a brief review and does not attempt to cover 
all the possible factors. U lcers on the sole due to lepromatous 
leprosy per se are very rare, less than 1 % of the total, and are not 
considered further. 

P lantar u lcers only occur on feet which are both anaesthetic and 
wal king. In addition it  seems l i kely that defective circulation due to 
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i rrevers ible changes i n  blood vesse ls  plays some part (JOB,  1 960) 

and it has been pointed out that fixed deformity is a very important  
factor i n  thei r causat ion (SED DON 1 960) . 

For practical purposes these ulcers may be divided i nto two 
groups : 

1 .  First u lcers on v irg in feet .  

n. Recurrent  u lcers on  previously damaged feet .  

Essent ia l ly the etiology of both i s  the same ; but, a s  i s  wel l 
known,  once a pat ient has had an u lcer i t  i s  extremely difficult ,  but 
not impossible,  to prevent  a recurrence. 

L .  THE FI RST U LCER 

(a) Casual Trauma. Some ulcers are caused by casual  trauma. By 
this is meant cuts, burns,  thorn wounds,  surface friction b l i sters and 
i njuries due to bad ly fitt ing shoes or  badly made shoes, e .g .  nai ls 
st icking i nto sole. The natural  history of such an u lcer i s  a break i n  
the sk in ,  often qu ite m inor,  unnoticed by the patient w h o  continues 
to wal k .  The wound becomes i n fected . There is local oedema and 
regional  lymphadenopathy and the wound, subject to the trauma 
of wal k ing fai l s  to hea l .  Recent ly,  I had such a wound myself. I was 
wel l aware of it but cont inued to walk ,  partly out  of curiosity. I n  3 
weeks i t  d id not heal despite dai ly  dressing and at the end of the 
time J had pai n fu l  glands in  the gro in  and a very sore foot. Then I 
was confined to bed for three days by fever, and the wound healed . 

" Patient must not walk on wounded feet".  

(b) Plantar Warts. Occasional ly,  u lcers occur under plantar warts 
and they are someti mes seen after unsk i l led cutt ing for corns or 
careless removal of cal losit ies .  

(c) Cracks. Another relatively uncommon cause of u lcerat ion i s  the 
infected crack .  Many barefooted people have dry feet and when the 
hardening effect of repeated immersion in water fol lowed by rapid 
drying in the hot sun is  added to an hydrosis and sk in  atrophy due 
to nerve i nvolvement, then the soles become very dry and hard 
indeed. Such soles are prone to cracks. Deep cracks may extend to 
the subcutis and provide an opening for baci l l i  and the beginning of 
an ulcer .  These cracks are commonly found at the lateral margins 
of the heel and at the flexor creases i n  the forefoot. (Figure I . ) Tiny 
hair l jne cracks are also found on the weight bearing surfaces, par
t icularly in pat ients who wear hard leather chappals whose feet are 
pol ished like patent leather. The cracks may be alleviated by regular 
oil ing of the feet and prevented from becoming deep by means of 
r igid sole footwear. 

(d) Subcutaneous Necrosis. We find that these three factors, casual 
trauma, plantar warts, and i nfected cracks account for on ly  a small 
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proportion of sole wounds.  These th ree show, first a break i n  the 
skin,  then bacterial i nvasion and then a septic superficial u lcer 
which wi l l ,  u nless local i sed, cause spreading i nflammat ion .  But the 
true and common plantar u lcer begins as a deep necrosis ,  often at 
its fi rst appearance penetrating from the skin to plantar fascia or 
tendon sheath. 

( J )  The pre-ulcer. The first stage of such an u lcer i s  an aseptic in
flammation of subcutaneous t issue which manifests itself i n  three 
ways. 

( i )  Tenderness over the affected zone. Despite the fact, that a l l  
these u lcers occur i n  feet with some sensory deficiency, deep pressure 
sensat ion at the metatarsel heads i s  rarely l ost and deep tenderness 
is a rel iable early sign of inflammation ( PR ICE, 1 959). 

( i i )  Swel l i ng  of the t issues and sl ight spreading of the toes. 
There i s  local i sed oedema result ing in the toes adjacent  to the 
affected zone being  forced apart .  

( i i i )  Often there i s  visible in the subcutis a smal l ,  un infected 
haematoma.  U lcers are rarely seen at th is  stage in outpatient work 
but they can be picked up at a resident institut ion , particularly 
w here pati�nts' feet are regularly examined . If a patien t  with tender
n ess, swel l ing  and subcuticular haematoma on the foot is put to 
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bed for a few days, the whole th ing subsides . If he contin ues to walk 
the second stage of u lcerat ion ensues. This is necrosis of the zone of 
i nflammation .  

(2) Subcutaneous Necrosis. [ n  t he fi rst place th i s  necrosis is aseptic 
and even at this stage if the pat ient  is put to bed , heal ing wi l l  take 
place. 

(3) The Open Ulcer. The th i rd stage is rupture of the haematoma 
fol lowing which i nfection supervenes. The necrotic tissue is l iq uefied 
and in a few days the typical punched-out deep plantar wound 
penetrati ng from sk in to underlying fascia or tendon sheath develops. 
These u lcers essential ly  develop from with in  outwards .  Sk in  break 
and i nfect ion are late complications .  

Etiology 

How can thei r development be accounted for ?  1 t  should be 
noted that these u lcers occur on ly  on feet that are both anaesthetic 
and walk ing.  There are two possible explanations .  

First, that  the u lcer is due to pressure leading to ischaemia and 
localised gangrene of tissue whi le weight-bearing on an anaesthetic 
foot .  If this was so, we would expect the distribution of wounds to 
correspond to the distribution of weight in the standing foot, for 
du ring walking weight i s  only borne on any one part of each foot 
for one eighth of a second or less wh ich is nothjng l ike enough t ime 
to give i schaemia sufficient lead to gangrene.  But  the distribution 
of u lcers does n ot correspond to the distribution of weight on 
the standin g  foot .  

The second possibility is that friction forces set up with in the 
foot (Figure 2a) during  walk ing lead to mechan ical damage to the 
t issues and eventual ly necrosis and ulceration .  

I f  t h i s  is t he  case we would expect t he  distribut ion of u lcers to 
correspond to the distribut ion of friction forces in the foot whi lst 
walking. I t  wil l be seen from the figures that this is i n  fact what 
has been found ( Figures 2b and 2c). 

The relationshjp between forces act ing on  the foot during 
walking was h inted at by BR AN D  and FRITSCHI i n  1 957 and clearly 
demonstrated by PR ICE i n  Nigeria in 1 958 .  Observations made at 
Karigiri agree with Price's  fi nding and although our  demonstrations  
a t  Karigiri show tha t  most ulcers occur no t  under but i n  front of 
the metatarse1 heads. 

(Figure 3 . )  This confirms the theory of causation put forward by 
PRICE. B ARNElT ( 1 956) divides the period during  wh ich the foot is 
partially or wholly i n  contact with the ground in  walk ing, about 
three-quarters of a second for each step, into 5 phases, which 
together constitute the wal king roll. 
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J . The roll begins with the impact of the posterior lateral 
aspect of the heel on the ground quickly fol lowed by the complete 

heel . This phase occupies J 5 to 20% of the cycle (Figure 3a) . 

2. It is fol lowed by the standing phase in which the heel, outer 
side of sole and the metatarsel head are in contact with the ground. 
This phase couples 30 to 35 % of the total rol l  and during it the 

distribution of pressure is much the same as during standing. 

3 .  During the third or metatarsal heel phase which occupies 
1 0% of the roll, the weight is borne only on the metatarsal heads, 
the heel rising from the ground and extension taking place at the 
metatarse phalangeal (m.p.) phase is occasionally absent as a 
separate phase. 
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4. The  fourth or fore-foot phase fol lows. Thrus t  i s  borne on the 
metatarsal heads and the toes, the hall ux  and 2nd toe predominat ing .  
The heel  conti n ues to rise and further extens ion occurs a t  the m . p . 
jo i nts .  The metatarsal heads wi l l  rotate through as much as 40 
degrees and as the sk in  is fixed to the ground th is  rotation is ab
sorbed in the t issues between sk i n  and m .p .  jo i nts .  T t  i s  du ring  th is  
phase th<l;t  maximum forward thrust occu rs, resu l t ing in  compress ion 
forces beh i nd the metacarpal heads, and sheari ng forces beneath 
them and tens ion in front ( Figure 3c). 

5 .  The fi nal step-off phase occupies 3 to 1 0% of the rol l .  Thrust 
i s  borne enti rely by the toes, the main part of i t  by the hal l u x  
( Figu re 3d) .  

The forces j ust described act at every step i n  normal feet as wel l  
as i n  anaesthetic feet. J n normal feet, no change i s  done .  In  
anaesthetic feet, proprioceptive reflexes wh ich normal ly  adj ust the  
pressu re put  on  the foot to the min imum necessary to preven t  
s l ipping d uring walk ing  are out  of action . The  resu l t  i s  t ha t  a t  each 
and every step max imum force is exerted on the foot part icu larly 
at heel i m pact and forefoot th rust and the tissues are damaged 
through sheer overwork. I t  w i l l  be seen that, if as is bel i eved , most 
plantar u lcers are due to forces act ing with i n  the foot and that the 
most damaging ones act on heel i m pact and m.p .  extension du ring  
the thrus t  of  forefoot and metatarsal phase, then  a h igh  proportion 
of these u lcers can be prevented by cushion ing heel impact and by 
reducing or  e l iminating rotat ion at the m.p. joints .  This can be done 
by means of rigid sole shoes with microce l l u lar rubber i nsoles, 
which w i l l  be described in a further sect ion .  

There i s  another factor i n  the et iology of these wounds wh ich 
shou ld be ment ioned because of its beari ng on  prevent ion and 
treatment ,  i .e .  'the effect of paralysis .  

I .  Drop foot due to various  degree of lateral popliteal paralys i s .  
The patien t  walk s  wi th  a h igh stepping  gai t  and the foot slaps on to 
the ground with the whole lateral border. This frequently resu lts in  
u lceration at the head and the base of the 5th metatarsal . 

2. C law toes due to intri nsic paralysis .  The effect of clawing of 
the toes i s  threefold .  ( i) Tissues u nder the metatarsal heads are put 
o n  the stretch .  (i i) The toes no  l onger play their part in  walk ing  and 
a l l  take-off thrust is borne by the metatarsal heads, BARNETT ( 1 956) .  

3 .  The arch i s  raised and the metatarsal heads are relatively 
l owered, HICKS ( 1 954) ( Figure 4) . If  this  process proceeds equal ly 
i n  a l l  five toes then no  damage may be done but  if one toe i s  a l i tt le 
more clawed than its neighbour then the associated metacarpal 
head is  pushed down below the adjacen t  heads and bears an i n 
creased proportion of the take-off th rust. The treatment for such 
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protruding metatarsal heads is  not to trim them, as some recom
mend,  but  to correct the clawing and restore the metatarsal head to 
its normal position in l ine with its fel lows, BRAND and FRITSCH! 
( 1 957) .  

n. RECURRENT U LCERS ON PREVIOUSLY DAMAGED FEET 

I n  addit ion to anaesthesia the foot with healed ulceration may 
display the fo l lowing defects. 

(a) Scarring and loss of friction reducing mechanism. (b) Necrosis 
bl ister. (c) Fixed deformity (SEDDON, 1 960) . (d) Discreet cysts of 
purulent material . 

(a) Scarring and loss of friction reducing mechanisms. Scar t issues 
being rigid and having poor blood supply, i s  much less able to 
withstand the stress forces set up  in the heel and forefoot during 
walking than normal tissue. If i n  addit ion to scarring the smooth car
t i laginous surface of the normal metatarsal head has been destroyed, 
the al ready abnormal tissues are l iteral ly ground between the rough 
metatarsal head and the  walking surface . I t  i s  not surprisi ng that 
such feet will re-ulcerate after as little as 1 5  minutes of walking. 
Callosities and hyperkeratotic scars are common findings. These are 
often as hard as stones and must be removed, or fresh wounds will 
resul t .  
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(b) Necrosis blisters. This  is a: subcuticu lar col lection of t i ssue fluid 
with black necrotic debris float ing in i t  which i s  usually steri le .  I t  
usual ly appears as a b l i ster a t  the margin of  the foot where the thick 
volar skin meets the thin dorsal s k i n .  These bl isters are commonly 
attributed to burns.  They are not burns.  The flu id has  tracked under 
the p lantar skin from a deep-seated steri le  necrosis at the s ite of a 
previous u lcer. I f  the b l ister is left untouched ,  and the patient put to 
bed, i t  w i l l  dry up  without  further trouble .  

If the pat ient cont inues to wal k, the b l i ster ruptures, i n fect ion 
supervenes and an i n fected wound results .  

(c) Fixed deformity. In patients with sciatic nerve lesions SEDDON 
found that " loss of sens ib i l ity of the sole i s  far less important  than 
the fixed deformity" i n  the causation of persisten t  u lceration .  

Fixed deformation or deformit ies do not  appear to play such an 
important  part in the causation of u lceration i n  leprosy patients, but 
SEDDON 'S statement  serves to u nderl i ne the difficulties that ensue 
when secondary fixed deformities are al lowed to develop, and the 
extreme importance of detecting the pre-ulcer and thus prevent ing 
the bone and joint  i n fection that so commonly leads to fixed 
deformity. 

(d) In termetacarpal abscess. It has been pointed out,  KULONSK I  and 
OERIMAN ( 1 936), that smal l  cysts con ta in ing pathogenic organisms 
are commonly  present i n  anaesthetic feet which have at one 
t ime or  another had p lantar u lcers. These smal l  abscesses may at 
any time flare up and give acute septic inflammation in the tissues 
of the foot. The nidus of i n fection may be in the bone, particularly 
metacarpal s  or calcaneum ,  in cartilage or tendon or in subcutaneous  
tissue. It may contain a smal l  foreign material such as a thorn or a 
piece of dress ing or it may simply conta in  purulent material and 
bacteria. The factors which cause such a cyst to become active after 
as much as 9 years, as was the case of one patient known to me, are 
not known but the c l in ical picture i s  clear. The patient presents a 
hot, swollen, painfu l  foot, with lymphadenitis . The treatment i s  
strict bed rest ,  dra inage of  the abscess i f i t  can be located and admin i s 
tration of antibiotics. 

Treatment 

I .  Curative. The principles of treatment of infected wounds have 
been known for a very long t ime ; probably the greatest exponents 
in  recent years have been WINNET ORR and TRUETTA and the 
following notes are based on TRUETT A'S classic work, "The principles 
and practice of War surgery", 1 944. The treatment advocated may 
be summarised as follows : 

1 .  Clean the wound. 
2 .  Excise dead tissues. 
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3. A l low free drainage. 
4. f mmobi l ize the part. 
5 .  Preven t  secondary i n fection .  
6 .  Stop reception of t he  trauma causing t he  wound.  

" Patients must not  walk on Wounded Feet" . 

Let u s  see how these principles apply to th ree different types of 
ulcers. 

I .  THE V IOLENTLY AFF"ECTED WOU N D  

These are found i n  association with ho t  swol len feet, with 
inguinal  adenit is  and with copious di scharge from the wound.  

I .  Clean the wound. This may bes t be done with warm water and 
soap. 

2 .  Excise dead tissue. Anyth i ng obviously dead should be cut away, 
the object being to remove all s lough, without drawing blood .  I n  
addition the fibrous scars often seen a t  the edge o f  these wounds 
should be cut away to a l low the epithel i um  to �row. 

3. A llow free drainage. Drainage i s  usual ly adequate after the dead 
tissue has been excised , but i f  not then further i ncisions and, if 
necessary, excisions of healthy tissue, m ust be made unt i l  the wound 
is  i n  no danger of becoming an abscess. 

4. Immobilize the part. These l imbs should be encased in a l ight 
non-weight bearin g  plaster of paris cast (p .o .p . ) .  They are not 
suitable for ambulant treatment with p .o .p. The excised wound 
should be packed , with sterile vasel ine gauze or  gauze soaked in  
flavi n and paraffin and the  p .o .p .  appl ied . I n  the case of real ly  
stink ing wounds, fi l l i ng  the  wound wi th  2 %  soap solution and then 
packing with gauze also soaked i n  soap solution material ly reduces 
the smel l .  

5 .  Prevent cross infection . The  com monest vehicles of cross-infection 
are doctors, nurses, orderl ies and the patient  himself. Al l  these 
agents may be prevented from add ing i nfection to the wound by 
encasing it in plaster of paris cast . 

6. Stop repeating the trauma.  The p .o .p .  cast obviously entirely cuts 
out the walk ing roll which is the underlying cause of most of these 
u lcers. 

Such a regime wi l l  heal any ulcer, no matter how big or  badly  
i n fected . I f  the wound is reaUy purulent ,  after a few days, discharge 
wi l l  begin to show through the plaster. Provided that the patient's 
condition is satisfactory, i .e. h is  temperature is  normal and lymph
adenitis subsiding, the smell may be ignored . The smell from a healing 
purulent . u lcer is quite characteristic and may be confidently des
cribed as a " laudable odour".  If the discharge has not ceased and 
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the smel l  subsided i n  two to three weeks after the appl icat ion of the 
plaster, then the plaster should be removed under aseptic condit ions 
and the wound re-examined .  I t  wi l l  usual ly be found either the 
d rainage is  inadequate or  that a previously u ndetected sequestrum 
is present. 

2.  THE CLEAN DRY ULCER 

These u lcers show no oedema of the foot, no i nguinal adenitis 
and l i tt le or no  discharge. They may be treated along the same l ines 
but bed rest is  not necessary and they can be sent home in a weight
bearing plaster of paris cast, or " Karigiri Boot" ( Figure 6). See 
Appendix  I for detai ls of the " Karigiri Boot" . We find that 6 weeks 
is a reasonable t ime to expect p .o .p .  casts to remain in tact . Pro
prietary brands of p .o .p .  w i l l  last longer and some patients, par
ticularly in  wet weather, wil l break up any type of plaster i n  much 
less than 6 weeks .  I f  finances a l low, glassona,  which is a p lastic type 
of cast developed by M essrs. Smith & Nephew, may be used . I t  is 
very tough and water repel lent, and will last i ndefin itely .  The 
" Karigiri Boots" wi l l  last 8- 1 2  weeks .  We find that these clean ,  dry 
u lcers heal at the rate of approximately 0.25 cms.  per week .  This is 
about half the rate of growth of epithel i um under optimum con
dit ions .  U n less the patient is prepared to go home to strict bed rest 
we advise this type of treatment for practica l ly  all dry plantar u lcers, 
however smalJ .  

3 .  THE MILDLY I NFECTED U LCERS 

These patients show minimal discharge sl ight oedema of the foot 
and l i ttle or  no i nguinal  adenopathy. They are not suitable for 
immediate application of weight-bearing p .o .p .  or " Karigiri Boot" .  
We admit these patients to the u lcer ward for treatment,  designed 
to convert these u lcers i nto dry, relatively un infected ones.  

I .  Cleanse the wound with dai ly soap and water soaks .  
2 .  Excise dead tissue. 
3 .  Provide d rainage. 

4 .  I M MOBILISE THE PART 

These patients are put on strict bed rest. " Patients must not 
wal k  on wounded feet." A nd after a few days of repeated soaks 
they are ready for application of weight-bearing p .o .p .  or  "Karigiri 
Boot" and discharge. 

5. THE INFECTED CRACK 

The large majority of these cracks wi l l  heal satisfactori ly in 2 to 
4 weeks i f  the edges are excised , the wound cleaned and then im
mobil ised by strapping a wooden rocker with a felt i nsole on  to the 
foot by means of elastoplast. This method of immobil isation wi l l  
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prevent  ulcers from becoming worse but i s  not a rel iable method of 
treatment except for i nfected cracks as mentioned above. If  a si nus  
i s  associated with a crack,  then exci s ion to provide free dra inage and 
im mobil isation in  a weight-bearing p .o .p .  cast is essent ia l .  There are 
th ree further adj uncts to treatment which should be mentioned . 

( I )  A ntibiotics. These are not  necessary and their use i n  i n -patient 
treatment i s  not recommended because of the chron icity of most of 
these u lcers and the danger of populating the hospital premises, 
staff and patients with resistant organisms .  If bed space i s  not  
avai lable for preparing the  mi ldly i nfected type of  ulcer for p .o .p . ,  
then careful  cleans ing of the wound,  exci s ion of  dead tissue i n  out
patients fo l lowed by appl ication of felt  and a rocker and the 
ad min i strat ion of 4 cc. of a long-act ing penici l l i n  i s  recommended 
as a practical a l ternat ive .  

These patients should be asked to report after one week .  I t  may 
be that careful use of ant ibiotics after sensitivity test ing would 
reduce the period of hospital isation needed to prepare i n fected 
wounds for weight-bearing casts, but th is  has yet to be demonstrated . 

(2) Preventative surgery. Claw toes and foot drop secondary to 
paralysis should be corrected preferably by tendon transfer, BRAND 
and FR ITSCH I  ( 1 957) .  Toes which are twisted and rigid, should be 
removed . The on ly bone cutti ng operat ion wh ich commends i tsel f is 
the removal of the spur of bone from the underside of the calconeum 
which i s  commonly present fol lowing an u lcer on the heel , 
D REISBACH .  The utmost conservatism should be the ru le  when con
sideri ng surgery of the metatarsals .  If sequestration occurs, remove 
the sequestrum but normal metatarsal heads should never be 
removed .  

( 3 )  A scorbic acid. The work  of the RAO et al. ( 1 956) has  shown that 
the majority of people in South I ndia are deficient in ascorbic acid . 
The im portance of th is  vitamin  in  the heal ing  of wounds has been 
demonstrated many t imes and although no contro l led study has yet 
been carried out in the heal ing of u lcers in  leprosy patients, i t  i s  
recommended that a l l  u lcer patients should receive at least 300 mgm . 
of ascorbic acid daily whi lst under treatment, and it would probably 
be wise to continue to administer the vi tamin in lower dosage for a 
prolonged period . 

A pPENDIX I .  The " Karigiri Boot" ( Figure 6). This boot has been 
developed from  the shoe described by Brand in an addendu m  to 
Chapter X X H  of " Leprosy in  Theory and Practice", Cochrane, 
R .G . ,  1 959. 

It  i s  cheap, costi ng .approximately 5/-, effective, acceptable to 
the patients and can be appl ied to outpatients who have to go home 
the same day. It  may be applied to a l l  cases suitable for the applica
tion of weight-bearing p .o .p .  casts. 
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Appendix 2 
Pre-vulcanised rubber l atex may be obtained from : The Dun

lop R ubber Co . ,  Chemical Products Division , Erdington ,  Birming
ham. P lease ment ion the purpose for which the latex is needed as 
Dunlops are making a special mix for me. Revertex Ltd . ,  5 1 /55 ,  
Strand, W.C.2. Ask for Mr. Revultex. Rubber Latex Ltd . ,  H ar l ing 
Road, Wythanshaw, Manchester 22. 

Karigiri Boot 

Further experience has shown that a wooden clog may be 
used to provide the rigid sole for the Karigiri Boot . Thi� can 
be either made locally or obtained from : Snaith Clog M anufactur ing 
Co . ,  S naith ,  Yorkshire .  Old nylon stock ings are an effective sub
stitute for the cotton socks original ly described, and a similar 
stocking  drawn over the outside gives a neat fin ish to the boot .  

'"" . v T HE · S H U  ," F L E  B O A R O· 

B I Zo a ,  Cf • 1 0  . " . 

F I G. V I  L O N G I T U D I N A L SE C T I O N OF T H E  " K AR I G I R I  BOO T "  

( 01 T H E  CO.T TON S OC K  (d) T H E  SAW - OU ST AND 

( b) T H E  L AT E X  I M P R EGNAT.E O 
L AT E X  IN SERT 

(e) T H E  'S H U F F L E  BOARO' 

" K A R I G I R I  B O O T " 



ETIOLOGY A N D  TREATM ENT OF PLANTAR U LCERS 37 

The Boo l  is made as follo ws : 

I .  A cheap cotton sock of su itable length ,  or stock inette, i s  
soaked i n prevulcan i sed rubber latex .  I f  the prevulcan ised cannot be 
obta ined then crude latex is almost as good but takes rather longer 
to dry .  Both these substances can only be obtai ned in r nd ia u nder 
l icence. 

2 .  A piece of sadd ler's felt i s  cut sufficient ly large to cover the 
whole sole of the foot and, after the appl ication of a piece of  dry 
ga uze to the ulcer, the felt  is appl ied to the sole (any cheap fe lt i s  
su itable), provided that  i t  i s  clean and approxi mately � i nch th ick .  

3 .  The latex impregnated sock is then drawn on  to the foot over 
the felt ,  so as to hold the fe lt in place . The fe lt bei ng inside the sock .  

4. A handful of clean dry sawdust i s  then m ixed with  the latex 
to form a st iff paste. 

5 .  A "Shuffle Board" i s  appl ied to the outside of the sock and 
the i n terstices between the board and the sock packed with the latex 
sawdust paste. 

6. The whole is then bound fi rmly together by means of an open 
weave cotton bandage also soaked in the latex . The procedure is 
s imi lar to the appl ication of a skin tight p laster of paris cast to the 
foot and ank le, and the precaut ions should be observed . Jt i s  im
portant  to keep the foot at right angle to  the  leg during the  appl ica
t ion of the bandage and unt i l  the latex i s  reasonably dry, and to rub 
the boot to expel  a l l  the a i r  from between the bandages dur ing their  
application .  

The  boot may extend on ly  to the  ankle ,  or i t  may easi ly be  ex
tended up the leg to the k nee. Both the cotton sock,  or stock inette, 
and the bandages must be thorough ly soaked in the latex so that 
every th read is coated with rubber, but they should not be dri pp ing 
wet. The easiest way to achieve th i s  i s  to pour latex i n to an open dish 
to a depth of about one i nch and then k need the latex i nto the sock 
as a baker kneads water i nto h i s  dough . The bandage should be 
rol led up s imu ltaneous ly in the latex, aga in  kneading the latex in to 
the bandages as it i s  rol led . I t  i s  not sufficient to stand o r  even 
squeeze the rolled up bandage in the latex . Additional amounts of 
latex may be added to the dish as necessary. Two 3 i n .  X 1 08 i n .  
bandages' are sufficient for a boot of average s ize, more w i l l  b e  for 
large feet or the long boot. 

THE "SHUFFLE BOARD" 

This  i s  a plain piece of board,  box boarding is  quite su itable, 
3-4 i nches broad and long enough to extend beyond the heel and 
toes, sizes 9, LO and I I  i nches wiU cover the majority of patients .  
Fixed to the under su rface of the board are two wooden bars, each 
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3 i nches broad and 3 i nches deep, shod with na rrow str ips of tyre
sole rubber. The rear bar should be I i nch from the back and the 
fron t  bar approx .  I � i nches from the front .  

The best posit ion for the enterior bar, i ts opt imal  depth and i t s  
relat ionship to the metatarsal heads i s  sti l l  not final ly  settled . I f  the 
bar  i s  at or  beh ind the metata rsal heads then the foot can ro l l  
around t he  bar and  at or  beh i nd t he  metatarsal heads and  t he  gai t  
wi l l  s imu late the normal ( Figure 7 ) .  

The main advantage of br ing ing the bar as fa r forward as the 
metatarsal heads i s  that a low bar is then sufficient to give an adeq uate 
take-off angle, whereas if the bar is near the centre of the board a 
very high bar is needed i f  an adequate angle is to be achieved 
( Figures 7 and 8 ) .  A high bar is unsightly and makes the ga it un
balanced and unstable. I t  w i l l  be  reca l led from the  sect ion on etiology 
of u lcers that the normal take-off angle at the metatarsal heads may 
be up to 40 degrees, but anyth ing over 30 degrees wi l l  enable the 
pat ient to walk in reasonable comfort and at a good pace, in these 
boots. f f  a s ingle bar is used wh ich is too low or not forward enough, 
then the foot i s  forced to pivot about the anterior end of the board 
and th is  resu l t  i s  excessive stra in  on the i n step and probably on the 

" G . "V I I . D I A G R A M  TO S H O W  T H E  TA lC ,  O FF  A NG L E  W I T H  A ON E 'HCH I." ONE ANO H A L '  I H C H I S  " "O M  T H E.  AH T ( R IO" AN D 0' THE .0. " 0 . 

' I G . V I I I  D I A G R A M  T O  S H O W  T H !  TAICr: 0" A N G L E  W I T H  

A T WO I H C H  I A R  ' t Y ,  I N C H E S  11'''0 ''' TH t ANT E � I O "  

( N O  0 "  T H E  ICA R D .  
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F I G . I X OI AGRAM TO S H OW T H E M A I N  L I NE S O F  
ST R E S S  AT H E E L  R I S E  I N  A B O O T  W I T H  T H E  

B A R  B E HIND T H E ':E0NT O F  T H E  lOOT 

(t) , . "  . .. .. . . . . . .. � .. . 

T ( N O '  TO p"oDuer  

I 
I TO TH '  P U L L  O' T H '  W"L n ... 

H [ [  I.. "I u: (4) AN 0 " [ I It , 0 " c [ '  I T .  
_>�K�� ____________ � 

1 0 0 Y 

T H l  " 1 \U I..�T  _ _ _ 0 
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F I G .  X D I A GRAM TO SHOW T H E  S H U F F L E  GA I T  

HE E L  (a l A N D  TO E S  ( b) R I S E ALMOST S I M U LTANEOUSLY .  

NO AT T E M P T  I S  M ADE TO L I FT T H E  F O O T  U N T I L  TOTAL 

BODY W E I G H T  I S  T R A N S F E R E D TO T H E  OT H E R FOOT . 
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metatarsal heads also ( Figure 9). S imi larly i f  the anterior bar is 
p laced in  front  of the fore then in the attempt to walk normal ly 
very great stress i s  thrown on to the heel-strap ( Figure 9). Some 
patients persist i n  the attempt and succeed in cultivating a normal 
looking  gait but  at the expense of very m uch stra in  i n  the portion 
of the boot which keeps the heel in p lace on the shuffle board . Other 
patients adopt a shuffle wal k  in which no attempt is made to l i ft the 
foot unt i l  total body weight is  transmitted to the other leg ( Figure 
1 0) .  The foot is l i fted a lmost vertica l ly  upwards at take off, carried 
i t  forward , more or less para l le l  to the ground and then p laced 
squarely on the ground at the beginn i ng  of the next phase of gait .  

This gait probably  completely el iminates th rusts at the meta
tarsal heads but it i s  u ngain ly  and tiring. Our patients have done 
un i formly wel l in these boots whatever type of gait they have 
adopted . 
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