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Abstract

From the h istoric and  simple assessment of temperatu re by the clin ical thermometer, modern in frared  
technology has opened up new perspectives, especially in the use of thermal imaging to map body su rface 
temperatu re w ith a remote sensing camera. Since the 1960s, there is now a greater u nderstand ing of thermal 
physiology and the relationship between skin temperature and blood perfusion. Furthermore, the examination 
technique, and the advantages of computer-aided digital imaging has greatly improved the reliability of this 
technology in medicine. Studies in diabetology have shown the value of this new facility and its relevance to  
clin ical assessment of peripheral perfusion and  tissue viability.
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SYM POSIUM

Introduction

The association between d isease and  temperatu re is 
as old  as med icine itself. However, the early physicians 
had  on ly prim itive means of assessing the presence of 
fever in their patients, mostly by using the natu ral sense 
of touch. From the 17th century onward, thermometers 
were developed, but it was not until the 18th century that 
Dr. Carl Wunderlich in Leipzig, Germany, systematically 
stud ied  the cou rse of temperatu re in h is patients and  
cou ld  monitor the progress of fever. He developed  the 
clinical thermometer that has been used universally in 
med icine for some 200 years.1

The last half century has brought d ramatic changes in 
the way in which the hu man body can be investigated.  
In particular, we now have many different imaging 
techniques. Initially, the microscope, followed by radiology 
w ith the use of X rays, were the most usefu l tools in 
med icine. Today, a w ider range of d ifferent physical 
energies from u ltrasou nd to magnetic resonance is 
available that opens up greater opportu nities for 
d iagnostic imaging.

Thermal imaging is a technique that uses infrared rad iation 
but is not w idely used  in routine med ical d iagnostics. 
First uses were made in the 1960s, with large and noisy 
scanners. These were employed in some research studies 
and  applied  to the non invasive study of hu man skin 
temperatu re.2

The human body is an efÀcient thermal system. We are 
entirely dependent on the ability of the body to self-regu late 
human body temperatu re. Vital organs are dependent 
on regu lar perfusion of blood  carrying oxygen, and  
our ability to su rvive in arctic or tropical cond itions is  
dependent on the adjustments in human circulation to 
the organs of the body, of which the heart is the central 
pu mping mechan ism.

One of the key factors in thermoregulation of the hu man 
body is the skin, which is the dynamic interface between 
the body and its environment. In excessive heat, the need   
to lose heat is accelerated by sweating, which evaporates 
and cools the skin. In very cold conditions, the peripheral 
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blood  vessels constrict, reducing the opportu n ity for 
blood  cooling at the body surface.3

Infrared thermal imaging, unlike many other imaging 
techn iques used  in med icine, is not an internal imaging 
system for anatom ical in formation. The human skin 
su rface is a h igh ly efÀcient rad iator, w ith an em issivity 
of 0.98. A perfect black body radiator is considered to be 
at u nity, mean ing the ability to absorb and  rad iate are 
maximal.4

In frared  imaging therefore provides in formation on 
skin temperatu re d istribution. Since the environment 
in which the hu man body is situated  w ill affect th is, it 
is obviously vital that cond itions for any exam ination 
using this method  must be as neutral as possible, and  
standard ized.5

Great progress has been made both in the understanding 
of the physiological conditions required to harness this 
technique as a medical investigation and in the technology 
itself.

The early scann ing cameras were not as reliable or stable 
as those available today. Images of heat d istribution, 
where white represents hot and  black represents cold , 
were obtained. Two important factors in the creation 
of such images are thermal and  spatial resolution.  
The former is the ability of the imaging system to 
discriminate between small areas of differing temperatures, 
and  the latter relates to image quality. To overcome  
the slow scan speed  often requ ired  w ith the earlier 
camera systems, multi-element detectors were introduced. 
However, there was still a compromise needed between 
h igh speed  and  low resolution or low speed  to obtain 
h igh resolution.6

Modern thermal imaging cameras now provide h igh 
speed  and  h igh resolution. Fu rthermore, the stability 
of the earlier cameras has improved  d ramatically, and  
calibration of the imager against a stable temperatu re 
reference can be achieved to ensure reliability. This is of 
particu lar importance when repeated  investigations are 
made w ith th is techn ique.7

One great advantage of thermal imaging is that it is 
both noncontact and noninvasive. By remote temperature 
sensing, the camera is merely receiving the natu ral 
thermal energy em itted  by the body. Since no harm fu l 
energy is used in the imaging process, it is very suitable  
for repeated  investigations over time.

Thermal Imaging Tech n ique

All med ical imaging procedu res have beneÀted  from 
the use of modern digital technology. A reliable thermal 
imaging system w ill be used  on line w ith a computer 
that w ill be operating specialized  software. This w ill 
be able to indicate to the operator when the camera is 
stable and  ideally w ill provide conÀrmation from a 
temperature reference source that the calibration is at the 
correct level. The exam ination shou ld  be performed  in 
a temperatu re-controlled  environment w ith a hum id ity 
of <50%. The d isrobing cubicle shou ld  also be at the 
constant temperatu re, which is typically 22 ºC (70 ºF).  
A period of thermal equilibration is required before any 
imaging takes place, and this can be variable depending  
on whether peripheral or trunk areas are to be examined. 
Fifteen m inutes is qu ite often fou nd  to be adequate to 
at least ach ieve a reasonable level of stability in blood  
pressu re and  skin temperatu re.

In a clin ical setting, the ideal camera w ill be mounted  
on a parallax-free stand  (not a tripod) to ensu re that 
positioning is reproducible and free from unwanted angles 
between the patient and  the camera.

A series of standard images of the body regions required  
for the investigation are obtained within minutes, since 
almost all modern cameras are real time. The images 
are stored  on the computer to be analyzed  by the image 
processing software. Standardization of image capture can 
be improved by the use of software masks providing an 
outline of the region, e.g., both dorsal hand s (Figu re 1). 
By this means, the camera is moved  closer or farther 

Figu re 1. Thermographic exam ination of hand s.
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from the patient u ntil the image Àts the outline mask. 
Subsequent images from the same patient will therefore 
be at a constant d istance and  position. A series of such 
masks were developed at the University of Glamorgan to 
assist practitioners (Figu re 2).

After the images have been captured to the computer, the 
analysis of temperature distribution is made by selecting 
regions of interest, followed  by a statistical measure of 
the thermal data.8 These may also be preformed  in the 

Figu re 2. Standard views for in frared thermography.

software, or the operator draws the region according to 
protocol, using anatom ical points to delineate the area 
requ ired. Draw ing regions of interest from memory 
can be another source of error, and when serial images 
are requ ired , the variance can be up to 10%, even in  
so-called expert thermographers. Most software systems 
for thermal imaging provide basic image analysis 
based  on mean maximu m and  m in imu m temperatu re.  
Real-time temperatu re changes, if requ ired, such as 
recovery from a cold  challenge, w ill requ ire the patient 
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to remain as still as possible, and  most procedures used  
lim it the length of time to a practical level, such as  
10 m inutes.9,10

Thermal Imaging Applied  to Diabetic 
D iseases

Skin temperature, the information that can be investigated  
by th is techn ique, is dependent on blood  circu lation. 
In ischem ic cond itions, where blood perfusion may be 
reduced, especially at the periphery of the hu man body 
and limbs (hands and feet), reduced temperature may be 
fou nd. This requ ires a period  of stabilization, where the 
patient is resting in the stable room temperatu re (and  
low hu m id ity) for some 15 m inutes prior to exam ination. 
During this time, areas of the body to be examined must  
be u nclothed.

In many situations, it can be more u sefu l to apply a 
challenge to the peripheral circu lation and  skin region. 
This can be chem ical, mechan ical, or thermal. In the 
latter case, a w idely used  test is the cold  challenge test. 
Here the dorsal su rface of the hand s is imaged  after the 
period of stabilization, and more than one image may be 
recorded  to establish th is. Hand s are then covered  w ith 
thin plastic gloves and given timed immersion in water 
(often 20 ºC) for 1 minute or longer. After removal of the 
gloves, the hands are then followed for thermal recovery  
by a series of thermal images at Àxed time intervals 
(Figu re 3). Rapid  recovery in a time such as 10 m inutes 
postcooling by im mersion u sually ind icates a normal 
response. Some may produce overspill of recovery, reactive 
hyperem ia, where Àngers become hotter for a time than 
the rest of the hand. A delayed  and  protracted recovery, 
leaving Àngers colder than before im mersion, may be 
typical of Raynaud’s phenomenon and  may be a featu re 
of another cond ition such as rheumatoid  arth ritis or 
d iabetes mellitus (Figu re 4). An advantage of thermal 
imaging is that th is test can be graded  for severity by 
quantiÀcation, and the effects of any prescribed medication 
to improve the symptom s can be measu red.

Brånemark and colleagues11 noted  characteristic abnor-
malities in the thermal patterns over the hands and feet 
of 16 d iabetes patients w ith and  w ithout vascu lar 
complications. They concluded  that thermography was 
a u sefu l technique for the study of circu lation and  
metabolism in d iabetes. Cold  stimu lation was used  by 
Jiang and  associates12 in 2003 to assess metabolic status 
in d iabetes, which they considered  to be highly speciÀc.  
In another study of 60 patients, Marcinkowska-Gapińska 
and  Kowal13 analyzed  the rheological parameters of 

Figu re 3. Dorsal view of hand  du ring reactive hyperem ia.

Figu re 4. Palmar view of hand show ing cold  fou rth and  Àfth Àngers.

blood  in 18 d iabetes patients and  compared  them w ith 
a group of 20 postmyocard ial in farction patients, the  
remainder being healthy controls. They compared  the 
resu lts w ith the skin temperatu re data obtained  by 
thermography. Using a cold stress at 20 ºC, a Japanese  
study fou nd  a high correlation between the thermal 
recovery measu red  by thermography and  laser Doppler 
Áow metry at the feet.14

From these stud ies, the d ifferent authors all fou nd  that 
in frared  thermography was a valid  measu re of skin 
temperature that d irectly related to peripheral circulation, 
especially after the application of a m ild  cold  stress to 
the extrem ities.

In d iabetes mellitus, circu latory dysfu nction can occu r 
in the feet as well as hand s, which can lead  to skin 
u lceration (Figu re 5). Thermal imaging has been used  
as one method  to monitor skin temperatu re in the area 
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of u lceration, which again can be a means of assessing 
the efÀcacy of treatment used to improved the perfusion 
to the affected  limb. The allocations of thermography 
and  thermometry in lower extrem ity wou nds and  the 
associated vascular complications have been reviewed by 
Bharara and  coworkers,15 who also stud ied  the low-cost 
technology of contact liqu id  crystal thermography.

Fu shim i and  colleagues16 proposed  a new index of 
autonom ic neu ropathy in d iabetes mellitus by using a  
warm water bath immersion for one leg while studying 
the other using infrared thermography. They noted that 
thermography was one of the most reliable, reproducible, 
and  non invasive method s for detecting and  monitoring 
sympathetic abnormalities in this d isease. Early diagnosis 
of neu ropathic joint d isease is important and  provides 
the opportunity to introduce prompt protective treatment. 
A group of orthopedic surgeons successfully used thermo-
graphy to detect early presence of warmth associated 
w ith early neu ropath ic d isease and  concluded  that 
infrared  thermography was a reliable d iagnostic tool in 
th is application.17

Thermal sym metry in the feet is a normal Ànd ing in 
healthy subjects. It is interesting to note that some 
stud ies have been performed w ith low-cost rad iation 
thermometers. Lavery and  associates18 carried  out a 
clin ical trial involving 173 d iabetes patients w ith a 
history of u lceration. The patients were instructed  to 
self-monitor by measu ring temperatu res on the great 
toe; Àrst, th ird , and  Àfth metatarsal heads; m id foot;  
and  heel on a regu lar basis. They were instructed  to 
call the study nurse if a temperatu re d ifference of 4 ºF 
was fou nd. Over 50% of patients d id  call the nu rse, and  
8% of them went on to develop u lcers. In another study, 
Arm strong and coworkers19 evaluated  the effectiveness 
of home temperatu re monitoring over an 18-month 
period  w ith a random ized  controlled  trial involving 
225 patients. They also fou nd  that 8.4% u lcerated  over 
the study period. Those patients who u lcerated  had  a 
temperatu re d ifference that was 4.8 times greater at the 
site of u lceration in the week before the u lcers appeared  
than d id  a random seven-consecutive-day sample of  
50 other subjects who d id  not u lcerate. These stud ies 
clearly demonstrate that h igh temperatu re grad ients 
between feet may pred ict the onset of neuropathic 
u lceration and  that simple temperatu re measu rements 
recorded  in home monitoring is of beneÀt in the 
management of these patients.

Some early work was carried  out in Scotland  to assess 
the use of infrared  thermography in the determ ination 

of amputation level in those patients whose limbs cou ld   
not be saved. Spence and colleagues20 studied 104 patients 
w ith ischem ic limbs prior to amputation in 1981 and  
concluded that the thermographic method  as they 
described was a reliable indicator of the tissue viability 
and  cou ld  be used  to ind icate the level of a major limb 
amputation. In a later paper in 1984, they d iscussed  
th ree method s in use for amputation level assessment: 
partial oxygen pressure, skin blood Áow, and infrared  
thermography.21 One group, that compared thermography 
w ith Doppler Áow metry and  clin ical judgment of an 
experienced  su rgeon, d id  not support their Ànd ings. 
Their conclusion was that the experienced surgeon was  
the most reliable method  and  that other method s are 
only an adju nct to clin ical assessment.22

However, these earlier stud ies were not based  on the 
modern and  improved  camera technology, which, 
combined with good technique and computer-aided image 
processing, is now know n to provide improved  data.

Conclusions

In frared  thermal imaging, also referred  to as thermo-
graphy, is a reliable non invasive techn ique for imaging 
skin temperatu re d istribution. When used in a stable 
environment, it has been show n to be u sefu l in the 
assessment of tissue viability and  peripheral circu lation 
applied  to d iabetes mellitus. It is especially su itable for 
serial measu rements used  in the follow-up of response 
to treatment.

Figu re 5. Dorsal view of feet. The left forefoot is inÁamed (red) and  
toes are cold .
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