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Tem perature Assess ment 
and P lantar Inflam mation 

H A R R Y  T. BE RGTHO LOT ANO PAUL W .  BRANO 

Rehab ilita tion Bran cll . U. S. Pub lic Heallh Ser vice Hospital, Carville, L ouisiana, U. S. A .  

The rehab i l i tat ion o f  the healed plantar  ulcer is  d i fficu l t  t o  moni tor  b y  rou t ine 
methods .  Moni toring of ski n tem perature has been found to detect  the early 
i n fl ammatory re sponse o f  the soft t issues to the insul t  imposed du ring wa lk ing. 
Method s  of d oing  th i s  are discussed and case histories described . The human hand ,  
though q uant itatively inaccu rat e ,  can effectively detect t emperature contrasts . I f  
rout ine managemen t  fol lows the  recogn it ion of  ea rly infl a mmatory responses,  
deformity can  b e  p revented .  

I n troduction 

The preven tion of the plan tar ulcer, a common problem in Hansen 's d isease , is a 
serious and seemin gly unsurmoun table task . Pati en t  education , safe ty procedures 
and adequate footwear ali have been beneficiai  i n  reducing the inc idence of 
ulcerat ion of the insensi t ive foot .  Ulce rat ion cont inues to be a problem regardless 
of the standard procedures i mplemented . Mod ification of the shoe to red uce the 
pressures on the plantar  surface to a n  acceptable l evei may be sat isfac tory for 500 
steps, b u t  would the so ft tiss ue tolerate 5000 steps at the same l evei ?  I t  may 
tolerate 5 000 steps, but  not  5 000 steps every day. Brand ( 1 9 66) d emonstrated 
that moderate l eveis of  stress,  which are acceptable for a few repet i t ions, may be 
harmfu l  when continued for l ong periods of time. As the tissue becomes i nj ured ,  
an  i n flammatory response w i th  resul tant  hyperemia d evelops and ,  i f  the  i rrit at ion 
cont inues ,  the  t issue is  damaged with subsequent  ulceration .  Once an opening in 
the skin e xists,  i n fect ion may occur with the often seen complicat ions .  

The hyperaemia  due to  the inflammatory response of t issues to  repeated bouts 
of stress can be determined by m oni toring skin temperature using  one of several 
methods : thermographic un i t ,  l iquid crystals ,  radiometer,  thermistor and thermo
couple , and the human hand .  The advan tages and disadvantages of the various 
methods are l isted in Table 1 .  Although the human hand is not quant i tat ively 
accurate, it  can be very effective in recognizing increased heat .  Health workers 
and pat ients can be taught to use the ir  hands or temperature sensi tive sk in  
effect ive ly  by palpating for " hot  areas . "  

A t  t h e  U .S .P .H .S .  Hospita l ,  Carvil le ,  Louis iana ,  al i  methods of temperature 
recording are avai lable and used .  This manuscrip t  wil l  deal primarily with 
thermography as a method of temperature recording,  but  the informat ion derived 
from this method m ay be ut i l ized wi th  the other me thods as wel l .  
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TA B L E  1 
Te mperalUre moniloring eq uipme n l  

A d v a n t agcs Disadvan t ages 

Thermog ra p h i c  u n i t s  Rapid  scree n i ng Cos t  - $ 3 0 , 000( ? )  
Accurate  ( 0 . 2° C )  
N o n -con tact  

Liq u id  crysta ls  S c ree n i ng ca p a b i li t y  Con tact necessary 
I n e x  pens ive Messy 

Na rrow t e m perature ranges  
Rad io me te r Rapid  spot reco rd i ng Cost - $800 . 00( ? )  

Accu ratc ( O . S o C )  Poo r  scree n i ng ca p a b i l i t y 
N o n -con t ac t 

T h e r m i s t o r  o r  I ne x p e nsive ( Iess $ 200)  Slow response ( 1 0-20 s )  
T h e r mocouple  Accurate  ( 0 . 1 °C )  C o n t a c t  necessary 

Du rable Poor scree ning  capab i li t ies  
S m a l l  

H a n d  o r t e m pe ra t ure F ree I naccurate  « 2°C )  
se n s i t ive s k i n  Screening capa b i l i t y 

Avai lab i j i ty  anywhere 

A thermograph ic  u n i t  measu res the thermal ( infrared ) em ission of energy from 
an object  an d d i splays it i n  a man n er s imi lar  to a television image on a v ideo 
screen . The range of te mpera tu res i s  represen ted w i th  a con t i nuous grey scale wi th  
warm areas of  the  sk i n  showing u p  as shades  of wh i t e  and cooler  areas as  darker 
shades .  A s i ngle tempera t u re may be e lectron i cal ly h igh l igh ted as a br igh t l i ne .  
The  use  of  two such  "isotherms" al lows the  operator to  measure the absol u te  
tempera ture and the d i fference (� T) between the h igh l igh ted areas. A more 
deta i led discussion of the appl icat i on of the rmography is given by Gershon-Cohen  
and Barnes ( 1 964 ) .  

The  surface temperature of skin varies, depending on  the locat ion.  General ly ,  
skin temperatures become lower as  the distance increases from the t runk with 
certa in excep tions .  Each indiv id ual  has a characteristic therm al pattem on the fee t  
and  lower legs wh ich  i s  symmetrical i f  no  pathology i s  present .  Di fferences of  
greater than  1 0  C are considered to be  sign i fican t and  should Qe  evaluated .  With 
pe ripheral nerve i nvolvement ,  abnormal su rface temperature pattems m ay become 
evident .  They show uniform pat terns,  h owever, in i n dividuaIs un less pathological 
changes occur. 

Levan et ai. ( 1 969 ) used therm ography to  determine the  temperature o f  
lepromatous skin lesions a n d  found  t h a t  large hypopigmented m acules were 0 . 3  to 
20 C warmer t han the surrounding tissue .  They used b lood flow studies to con firm 
that the elevated tem pera ture they found  reflected an increase in  blood flow. 
They concluded after  test ing the patients' local sensit ivi ty to norepinephrine that 
the  hyperaemia was due to autonomic degeneration rather than to an inflamma
tory response . 

Enna  and Bergtho ld t  ( 1 97 3 )  reported thermography showed that  nerve 
paralysis found  in leprosy pati en ts '  h ands created u nique b u t  consiste n t  thermal 
patterns .  
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H a rr i s  a n el B ranc l  ( 1 9 66)  rou n d  loca l  warm t h  t o  bc on c o I' t he  earl i est  s ign s  0 1' 
t a rsa l  el i s i n tcgra t ion t ha t  occ urs i n  t h e  an aesthe t i c  foo t ,  and  they  used i t  as a gl l i de 
to ide n t i fy a c t i ve e l i s i n tegra t i on i n  a n aes the t i c  fee t .  B ra m I ef aI. (1970) s t l l c l i cd 
t h e  te m pera t u re pa t t erns  o I' l eprosy pat i e n ts a I' t e r  m i n or i nj ur i es and  t rau m a .  3 n d  
fo un el t h a t  a n aes t h e t i c  l i m bs o ften  hae l loca l i zee l  warm a rcas  a t  the  po i n t  o I' s t rcss .  
They re l t  i t  wort h w h i l c  t o  p u rs l l e  t h is a rea of i n ves t iga t i on .  

Afte r  severa l  years oI '  expe r ime n ta t ion  an el observ a t i on i n  thermogram s  t aken  
o I' norma l  fe e t  un el e r  s t ress a n el o I'  le prosy pa t i e n ts '  fee t ,  i n cl l l el i n g  fee t  w i th  
com plete  anacs thes i a  a n el o ften gross el eform i ty  a n el para lys is .  i t  has  become 
obv ious  that  warm t h  can be an  i m porta n t  s ign to  mon i t or .  Several  case s t l ld i e s  are 
prese n teei to d e m ons t rate the fi n el i ngs whjch h ave p roved to  be use fu l .  

F ig. I .  T h e r m ogra l11 s of p l a n t a r  su rface o f  insc ns i t ivc  feet  fol lowing  b l i s ter ing  of righ t 
mata tarsal h e a d s .  ( a )  T h e r l11 0gra m 7 c Iays follow i n g  i nj u ry .  ( b )  Thermogram a ft e r  6 d ays of 
i m mobi l iza t ion . ( c )  Therm ogra l11 a ft e r  7 days of  walk ing.  

Fig . 2 .  T h e r m ogra m s  of p lantar  surface of  insensit ive fee t .  (a)  T c n  cI ays after  t rea t men t 
s tartecI .  ( b )  Forty-n ine  days a ft e r  trea t m e n t  s t a rtecI , after  one m o n t h  of rou t i ne w a l k i n g .  
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Case S t udies 

M ET J -IO D  
The fee t  were e x posed i n  the  e n v i ron m e n t a l l y  con t rol l ecl room at  a 

te m pe ra t u re o f  2 1 0 _220  C for l O to 1 5  m i n  to a l low t h e  normal  s k i n  tem pera t u re 
to e q u i l i brate w i t h  the room a ir .  T h i s  prod uced a surface t e m pe ra t u re d i fference 
be tween t h e  norm a l  and  i n  Oa med t i ssue .  The  AG A 680 Thermov is ion  * was used 
t h rough o u t  the s t u d y .  The thermograms were recorded on Pol a roid  fi l m  in b lack 
and whi te ,  a n d  3 5  mm sl ides were made fro m  the  color m o n i tor .  

Case Study 1 .  A 4 2-year-ol d  pati e n t  with a c1 i agnosis  of  i n ac t ive d i morphous  
leprosy fo r the  last  year had tota l  anaesthes ia  o f  the  fee t .  She  had been wa l k i ng a 
gre a t  dea l  i n  ma l l  h igh hee l  shoes and  su ffe red b l i s ters over the r ight  metatarsal  

heads .  M i n ima l  d ra i n age occl1rred , but n o  bacter ia were fo u n d  on c u l t ure .  Seve n 
c1 ays la ter ,  n o  i m p roveme n t  was n oted .  At t h i s  t i me a the rmog ra m  ( Fig. I )  sh owed 
the e n t i re p l an ta r  surface of  t h e  righ t  foo t  was wa rm and 1 2 0 C warme r than the 
co n t ra la t e ra l  si te .  The w a rmest regi o n  (370 C) was over  the second ,  th i rd and  
fo u rt h  metatarsa l  heads .  The leg was  p laced  i n  a pl aster tota l  contact  cas t  fo r a 
period o f  6 d ays .  The i ncreasecl wa rmth  presen t h acl decrêased wi th  a contra la teral 
tempera t u re d i fferen ce of  l ess t h a n  1 ° C . 

The pat i e n t 's shoes were modi fied and  ins t ruct ions  were given con ce rn i n g  the  
necess i ty  of  proper shoe  wear .  One week  la ter  the  thermogra m shows  the  involved 
regio n  had a near  normal  thermal  pattern ( Fig.  I ) . 

Case Study 2. A 5 4-year-o ld pat i e n t  w i t h  i n act ive lepromatous  le prosy and 
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Treolmenl  doya  
Fig. 3 .  Table  showing the  tem perature d ifference be tween right third toe  and l e f t  third toe 

(6 T) d u ring course of  t rea tment .  

* AGA Corporation ,  5 0 0  County  A venue , Secaucus,  New Jersey 07094 .  Com pany names  are 
mentioned in  this paper for the pu rpose of  id ent ification , and d oes n ot i m ply end orsement  by 
the U .S. Public Health Service . 
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Fig. 4 .  Thermogram of plan tar  surface of insens i t ive feet ( I eft transmetata rsal ampu tat ion ) .  
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F ig.  5 .  Table showing  the t:. T for end  of  left f irst  metatarsal vs . contralateral SI te  to l lowmg 
observat ion of hematoma.  
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tota l 3 naes t he si a of  t h e  fee t  no t i ce d  t he  r igh t t h i re l  toe t i p  h a d  a ca l l 1 l s  p rese n l  

wi t h  a s m a l l  a m o L l n t o f  c 1ea r d ra i n age . T h e  t rea t m e n t  p rescr i b e d  i n c l l l d e d s oa k i n g 
wi th  an a n t i se p t i c soa p ,  e l eva t i o n  a n el a n a p p ro p r i a t e  a n t i b i o t i c .  Per iod i c  

t he rmogram s  were t ak e n  o f  the fe e t  s t a r t i n g 3 e1 ays l a t e r. T h e  i n v o l v e c l  t oe w a s  
fo u n el to  be h i gh l y  i n fl a m e el , be i n g  8 . 2° C warm e r t h a n  t h e con t ra l a te ra l  t oe . T h e  
e n t i re fore foot on t h e  p l an tar su rface was warm wi th  t he  wa rm th  p rese n t  ove r t h e  

e n t i re elo rsa l  su rface a s  we l l .  D u ri n g  t h e  course or  t rea t m e n t ,  a s  t he i n ll am m a t i o n  
was  su bsie l i ng,  the  warmth  became l oca l i ze el a n el t h e  te m pera t ure el i ffe rc n ce 

between t he  r igh t t h i rel toe an el t h e  co n t ra l at e r a l  s i te d e c re a se el ( F i gs 2 a n el 3 ) . 
F i ft e e n ela y s  l a te r ,  the  toe a p peare d hea lee l  a n el i ts t e m pera t ure w a s  the  same  as 
the  con t ra l a te ra l  toe .  The  pa t i en t was se n t  t o  the h oe s l lOP fo r sh oe assess m e n t 

an el necessary sh oe moel i fi c a t i o n s .  The pa t i en t bega n a p rogress ive a m b u l a t i on 
rou t i n e  for 5 el ays ,  an el was then  re l easeel to re t u rn  t o  work . O n e  m o n t h  l a t e r , a 

t he rmogra m w as t aken  o r  t h e  pa t i e n t 's fee t  fo l l ow i ng  a el a y o I' wo;·k ( F ig .  2 ) .  O n l y  
a m i n i mal  elegree of  warmth  was n o t eel , w h i c h  re t l l rn e e l  t o  a n o r m a l  t l l c r m a l  

p a t t e rn  th e fo l low ing  m orn i ng a rt er a n i gh t 's res t o  

Case Study 3. A 68 -y e a r-o l el pa t i e n t  w i t h  i nac t i ve l e p roma t o us l e p rosy h a d  a 

t ran sme ta ta rsa l  a m pu ta t i on  o f  t h e  l e ft foo t  1 0  ye a rs ago.  T h e  pa t i c n t  re p o r t e e l  t o  

Fig. 6 .  Photogra p h  o f  i nsens i t ive  fee t  w ith ca l losit ies o n  righ t grea t  toe ,  fi rst ,  seco n d ,  fi ft h 
metatarsal  h e ad s ;  and l eft gre a t  toe ,  t hüd and  fifth m e t atarsal  heads .  
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the shoe shop with a la rge cal l us and a blood b l i s ter  under  the d istai aspect of the 
left fi rst metatarsa l .  A thermogram ( F ig. 4)  showed the en t i re le ft foot was warm, 
with the warmest aspect  at the end of the fi rs t metatarsal , whjch was 4 .40 C 
warmer than the con tralateral si te .  Soaking,  tri mming of the  ca l lus ,  and shoe 
evaluat ion was prescribed .  The condi t ion o f  the inj u ry become worse . No opening 
or d rai nage was noted however, and the .1 T i ncreased to  6 . 5 0 C ( F ig .  5)  by the 
fi fth day of observat ion . Further  shoe pressure eva luat ions showed the inj u red 
area w as rubbing the d istai-media i  edge of the moulded in sole . A fu rther shoe 
modi ficat ion apparen t ly stopped the excessive repeti t ive stress to the area, as can 
be seen by the improvement  of the .1 T ( Fig .  5 ) , and then by the c l ini cai 
improvement .  By  the 1 4th  and 1 6th days, the foot  h ad cooled to a near normal 
leve i ,  and the wound appeared to be healed .  

Case Study 4. A 43-year-old patie n t  wi th  act ive le prom atous l eprosy hacl 
pract ical ly com plete anaes thesia over the en ti re bocl y .  The pa t ient  hacl mul t i  p i e  
tr im med cal losit ies over the plan ta r  su rface of the feet ( Fig .  6) .  Pressure 
assessment ,  using the Ha rri s Foot M at,  demonstrated the areas wi th  heavy ca l lus 
were the areas under greatest pressure cl u ring  s tand ing and wa lk ing (F ig .  7 ) .  A 
thermogram taken of the plan tar  surface of the feet showed the areas under  
greatest pressure were the warmest areas of  the feet  (F ig .  8 ) .  These hot areas 
suggested that the weight bearing surfaces of  the feet  were i n fl amecl from walk ing ,  
and i f  the stress d ue to walking inc reased , breakdown and u lcera tion would 
fol low . 

Discussion 

Rehabi l i tat ion of the healed ulcer is cl i fficu l t  to moni tor by rout ine methods .  
Low leveis of  repet i  t ive wa lk ing neeel to be increasecl as the hea lecl area toughens, 
but  too much walking is harm fu l .  Current  methods of evaluat ion ci o not ind icate 
the response of the foot  to the toughening p rocesso M on i toring  of  skin 
tem perature has been found to be a pract ical  method as a guide for a p rogressive 
rehabi l i tati on programme by evaluat ing the tissue 's response to the gradual  
increase i n  the walking programme .  

The insensit ive and paraly tic foot  i s  bes t  managed before scar  anel deformi ty 
from u lceration redu ce the stress threshold of  the weight bearing surfaces of the 
foot .  Each plantar ulcer wi l l  reduce the patien t's foot  tolerance to the repeti  tive 
stress i mposed during walking.  Prevent ion of  the ulcer, there fore ,  shoulcl be 
paramount in  the m anagement of  insensi tive fee t .  Tempe rature moni toring has 
been found to detect the early in flammatory response o f  the soft t issue to the 
insu l t  imposed during walking. If rou tine  management is provided u pon 
recognizing the early inflammatory responses, deformity can be averted .  
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