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The need for an objective method of evaluating 
the s tump-socket relationship has long been rec
ognized. Tradit ionally, the prosthetist has had to 
rely on such things as the evidence of his own 
senses , the pat ient ' s subjective report ing, and 
such fitting aids as balls of clay, lipstick, and 
powder placed within the socket . Somet imes 
these pract ices result in the rejection of the pros
thesis and the prosthet is t by the patient , and, as a 
consequence , the rehabilitation program for the 
patient is delayed. To provide more objective 
information, the Division of Prosthet ics and Or
thotics at the Universi ty of Virginia, the Depart
ment of Mechanical Engineering and the Depart
ment of Orthopedic Surgery are experimenting 
with the use of pressure t ransducers , t ransparent 
sockets , and thermography. The reader is un
doubtedly familiar with the potentials inherent in 
the use of the first two aids, but the use of ther
mography to measure skin t empera ture as a diag
nostic aid in prosthet ics has been limited to a very 
few centers (1) , and therefore should be of in
teres t . 

Essential ly, thermography provides us with a 
method for measuring differences in skin tem
peratures and relating them to a uniform scale. 
Basically the apparatus utilizes a supercooled 
v ideo scanner , a c a t h o d e ray sc reen , and a 
Polaroid camera (Fig. 1) (1) (2). 

The area to be studied is scanned by the camera 
and its image is shown on the ca thode ray screen 
in black and white and recorded on a Polaroid 
film when desired. Depending upon the mode 

selected, warm areas register as either-light or 
dark, and the cool areas as the opposi te . Com
monly, we choose to por t ray the warmer areas on 
the light end of the scale and the cooler areas on 
the dark end, and this is the convent ion followed 
in this article (Fig. 2). The machine is usually set 
for a base t empera ture of 90°F with a range of ±5° . 
Tempera tu res of 95°F and beyond register as ab
solute whi te , while t empera tu res of 85°F and be
low register as absolute black. Tempera tu res 
be tween the two ex t remes register as shades of 
gray. Thus our base tempera ture of 90° registers 
as a neutral shade of gray in the middle of the 
two ex t remes (Fig. 3). 

Local ized areas with increased blood supply 
register " w a r m , " and therefore l ighter than areas 
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Fig. 1. Apparatus showing scanner on the right and 
cathode ray screen and attached Polaroid camera on 
the left. 



Fig. 2. Thermograph of a right BK stump, anterior-
medial view, showing contrasts in gray. Scale on the 
bottom shows temperatures range from light to dark for 
comparison with the stump. 

Fig. 3. This picture taken by the camera is a mirror 
image of the subject studied. 

Fig. 4. BK stump showing area of concentrated 
pressure under the medial tibial flare. This picture is 
a reverse image of a right stump. 

with a relatively poor blood supply which will 
register " d a r k , " and therefore cooler. In the case 
of limb pros thet ics these warmer areas can be 
at tr ibuted to localized pressure and irritation. 
(The use of thermography is also being evaluated 

as an aid in determining levels of amputa t ion in 
cases of ar ter iosclerosis .) Evidence of pressure 
over the area of the patellar t endon or the medial 
tibial flare is considered to be beneficial (Fig. 4). 
Converse ly , evidence of p ressure , or irritation, 
over the distal cut end of the tibia o r some o ther 
sensitive spot , such as the head of the fibula, is 
considered to be a potential source of t rouble 
(Fig. 5). 

T H E P I L O T S T U D Y 

In this s tudy, we have a t tempted to record the 
surface tempera ture of the s tump a t the t ime of 
casting and immediately after delivery of the 
pros thes is . Thermographs of the s tump are made 
from several angles, and serve as a reference 
should the pat ient return with complaints of irri
tation or pain in the s tump . The pictures were 
also used as a basis for a t tempts a t predicting 
future problem a reas . By taking a thermograph 
later and comparing it with the reference photo
graphs , it is possible to evaluate what effect the 
socket has had on the s tump over a given period 
of t ime, and thus de termine whether or not the 
pat ient really is experiencing t rouble , and to lo
cate the exac t spot when the t rouble is a mechani
cal one . 

Our pilot study has presented us with several 
clear examples of the potential of thermography 



Fig. 5. BK stump showing irritation over the end of the 
tibia. This picture is a reverse image of a right stump. 

Fig. 6. Thermograph of J .D . ' s stumps, showing areas 
of irritation above the medial epicondyles. 

Fig. 7. Thermograph of F .C. 's stump at time of cast
ing. 

Fig. 8. F .C. 's stump and the area of irritation over the 
distal end of the tibia as well as some irritation above 
the medial epicondyle. 

as a fitting aid. J . D . , an employee of the hospital 
and a bilateral below-knee amputee as well, was 
followed as one of the research subjects in this 
s tudy. J . D . was fitted previously with P T B pros
t h e s e s on b o t h s ides . His p r e s c r i p t i o n was 
changed to P T S (supracondylar , suprapatel lar 
pros theses) (3) (4). N o reference thermographs 
were taken. After wearing the pros theses for 
several d a y s , the subject complained of excessive 
pressure from the supracondylar wedge in the 
area of the adduc tor tuberc le . He was sent to the 
prosthet is t who advised him to wear the prosthe
sis as much as possible so he could " b u i l d - u p " a 
tolerance to the new pressure a reas . At this time 
a reference thermograph was taken. (It should be 
noted that the supracondylar wedges presented a 



Fig. 9. F .C. ' s stump after adjustments were made to 
the prosthesis. Note that the hot spots have disap
peared. 

sharp abrupt profile quite the opposi te of the 
broad, flat profile Ni t schke and Marschal l (3) (4) 
advocate . ) T w o days later, the subject was seen 
again by the prosthet is t and displayed an ulcer 
over the spot the thermograph showed as an area 
of localized pressure and irritation. A new ther
mograph of the affected s tump confirmed that it 
was indeed the same area (Fig. 6). Because of 
these fitting prob lems , the pat ient rejected the 
new pros theses and went back to the use of the 
old P T B type even though they no longer fitted 
proper ly . Clinical use of thermography might 
have led the prosthet is t to provide meaningful re 

lief at the t ime of del ivery, and not ju s t reject the 
complaints of the patient on the basis that he was 
unaccus tomed to the forces being exer ted over 
the affected area. 

F . C . was thermographed at the t ime of casting 
and again when the prosthesis was del ivered (Fig. 
7). After several days the pat ient returned with 
complaints of p ressure over the anter ior distal 
tibia and along the cres t of the tibia. A thermo
graph was taken that revealed a hot spot in this 
area (Fig . 8). A " r e l i e f was made by the pros
thetist , and the patient was instructed to cont inue 
using the pros thes is . A thermograph taken later 
showed that the warmer spot had disappeared 
after adjustments to the socket were made (Fig. 9). 

C O N C L U S I O N S 

During this s tudy, we had pat ients come to us 
and point to certain spots on the s tump and state 
" i t hurts h e r e . " In studying the the rmograph 
af terwards, it was evident the pain originated in 
an a rea other than the one ant icipated. It must be 
stated that the results of the procedure are not to 
be relied on absolutely, bu t , when related to 
visual evidence presented by the s tump and to the 
subjective report ing of the pat ient , thermography 
can be a useful diagnostic aid. 
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