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Knowledge of human body temperature and changes in fever
within medicine ins centuries old. However, thermal detectors
and radiation physics is far more modern. In the 16th century
Galileo began work on thermometry, and in the 17th century,
Della Porto described the sensation of reflected heat from a bur-
ning candle. However, it was William Herschel in England in
1800 who carried out his famous experiment that identified dark
heat or “infrared radiation” as we now know it. The in 1840, his
son John Hershel made an image from a carbon suspension and
focussed sunlight, which he termed a thermogram. A German
clinician Carl Wunderlich from Leipzig published his thesis in
1860 that drew attention to the value of continual monitoring of
human body temperature. At that time this could only be achie-
ved by thermometry. Wunderlich introduced the “clinical ther-
mometer” a maximum glass thermometer with a narrow range
of temperatures around 37°C

The first thermal imaging system was devised by M. Czerny in
1929 using evaporography, and it was in 1942, during World War
2, that the Smith’s Pyroscan in England was created. In the 1950’s
several companies in England, Sweden and the Barnes Thermo-
graph in USA developed slow working thermal imagers using
electronic detectors.

In the late 1950’s and early 1960’s there was a rising medical inte-
rest in the use of thermal imaging for breast cancer detection.
Ray Lawson in Canada in 1956 noted that the surface temperatu-
re over a cancer was raised, which was confirmed by Kenneth
Lloyd Williams in London who studied 300 women with cancer
of the breast using thermopiles, and a reference temperature
source. In his follow up of 100 women all with a temperature in-
crease of more than 3°C had died within 5 years.

These early thermographs we based on a single detector element,
indium antimonide, cooled by liquid Nitrogen. The optical scan-
ning system mostly with reflecting optics produced considerable
noise, and could take several minutes for one image to be created.
By introducing more detectors scanning time was reduced, but
complications arose from the misalignment of the separate sen-
sors.

The first focal plane array camera was introduced in 1987, but
was not immediately available on a commercial basis. The advan-
tages of improved image quality in terms of spatial and temporal
resolution were obvious. By 1997 Agema in Sweden had introdu-
ced an uncooled microbolometer capable of radiometric tempe-
rature measurement. It was by now also feasible to have a
combined visual camera with the thermograph, with some ad-
vantages for the user.

Over this period, the rising availability of digital computer
technology had a considerable impact on thermal imaging. Digi-
tal outputs from the camera made analogue to digital conversion
redundant, allowing users to improve standardisation of techni-
que, and improved image processing. Quantitative thermogra-
phy had become more reliable and with lowered costs, more
available. The large slow and noisy systems of the past are now
replaced by small almost silent and portable cameras that are
more convenient for medical and biological applications.

EVOLUTION OF INFRA REDE CAMERAS, IMAGES AND
DETECTORS

R.A. Thomas
University of Wales, The Dylan Thomas Centre, 1 Somerset Place,
Swansea, SA1 1RR

Introduction: Infrared Thermography (IRT) technology has ma-
tured over recent years with a plethora of new radiometric ima-
ging devices currently available. Infrared Thermography is ess-
entially a temperature monitoring technique sensitive to radiant
energy patterns emitted from a surface. These infrared radiome-
ters have differing leveles of capability and sophistication based
on application for example:

• Condition monitoring and predictive failure.

• Medical diagnostics.

• Energy and buildings.

• Research and process monitoring.

The transfer of radiant energy by electromagnetic waves in the
thermal range occurs between 0.1 and 100 μm, as shown in Figure 1:

The infrared segment of the electromagnetic spectrum is at
wavelengths just beyond the visible spectrum and can be divided

into three segments by wavelength [1]. The bandwidth of these
wavelengths (measured in micrometers) differ from manufac-
turer to manufacturer for example:

• 0.8 to 2.0 micrometers = Near Infrared (NIR);

• 2.0 to 5.6 micrometers = Mid-wave Infrared (MIR); and

• 7.5 to 15 micrometers = Far or Long wave Infrared (FIR).

The optimum wavelength of an infrared radiometer is deter-
mined by the wavelength distribution of the emitted radiation
and type of detector [2]. Another aspect of choosing the
appropriate wavelength is to consider the optimum thermal
contrast desired within an image. An example of this is in
identifying anomalies, patterns and shapes especially prevalent in
medical applications. This may be explained by examining Planckian
radiation curves of a perfect emitter, which illustrate the
sharpening gradient of the curve in the mid-wavelengths, Figure 3.
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Figure 1
Thermal range of electromagnetic radiation

Figure 2
Infrared segments of the electromagnetic spectrum (average values of wavelength
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Methods: The latest technology has high levels of technical
specification and thermal/spatial resolution (In the order of
18mK sensitivity with cooled 640 x 512 focal plane array). Table
1, illustrates the technical merits of infrared cameras used in
medical and industrial applications:

Medical App.
Example

Industrial App.
Example

Detector InSb Microbolometer

Cooling type Integral sterling
cooler Un-cooled

Spectral
response 3.6 to 5.1µm 7.5-14µm

Number of
pixels 640 x 512 320 x 240

Pitch 15 x 15µm 45µm x 45µm

Frame rate
Up to 100 Hz full
frame, 4980Hz at

16x4 pixels
9Hz to 60Hz

Integration
time

10µs to 20000µs
programmable,

1µs step
Unavailable

Remote
control USB/CAM Link Not available

Operational
temperature

range
-20 to +55ºC -10C to +50C

Accuracy
2C or 2% (at 25C

nominal, whichever
is greater

2C or 2% (at 25C
nominal, whichever

is greater

NETD <18mK @25ºC &
without filter 45mK

In recent years the ability to fuse a digital photographic image of
an infrared thermal image is almost standard on many cameras,
the ability to adjust the amount of digital or infrared dominance
in the image is proving a useful diagnostic aid, Figure 4.

Other developments include enhanced connectivity via Gigabit
Ethernet, Camera Link and USB interfaces to extend flexibility
and URL (Uniform Resource Locator) for easy networking.
Many are IEE1394 Firewire enabled providing 50Hz frame rates.
Reporting Diagnostic software enables they have a variety of
analogue and digital I/O to enable trigger synchronisation,
external optics correction and statistical analysis.

Results: There are a variety of advantages when using infrared
radiometers as opposed to more traditional devices:

• Wide measurement range (dependent on camera and filter).

• Safe and non-hazardous to personnel and the workplace.

• Does not interfere or make contact with surface being measured.

• Can be used in explosive environments (via coating on
camera body or using an intrinsically safe camera).

• Usually immune to electromagnetic noise.

• Can store and recall images as part of a route based activity.

• Can retrieve and analyse on site.

• Invariably conducted in real-time.

• Reliable, because the components have a semi-infinite lifetime
expectancy.

DISCUSSION: Currently there are a number of challenges
ahead if this technology is to become universally accepted partic-
ularly within medicine but also within other disciplines, these in-
clude:

• Standardisation of technical specification within application

• Standardisation of image capture

• Universal image interpretation and analysis

• Accredited training approved by relevant professional
organisations.

Whilst there are International Organisations such as IEC and
ISO addressing some of these issues it is imperative that these
are accepted within the various industrial sectors.
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Figure 3 -
Planckian radiation curves of a perfect emitter (blackbody)

Table 1
Typical medical and industrial infrared camera technical specification.

Figure 4
Infrared thermal fusion



THERMOGRAPHY IN PLASTIC SURGERY
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INTRODUCTION: One of the main goals in plastic surgery is
the correction and restoration of form and function. The realm
of plastic surgery is large ranging from well-known cosmetic sur-
gery to less well known sub-specialties such as reconstructive
surgery, burn, craniofacial, hand and micro-surgery. Reconstruc-
tive surgery deals with the closure of defects and restoration of
form after trauma, pressure sore treatment, infection and cancer
treatment. The use of tissue transfer or flaps, in the same patient
is an important instrument in reconstructive surgery. Such a flap
may consist of skin and subcutaneous tissue, muscle and bone or
a combination. This transfer can be performed with so-called
pedicled flaps and free flaps. In pedicled flaps the blood supply
to the tissue is left attached to the donor site and tissue is simply
transposed to a new location. Blood to the tissue of the flap is
maintained via the pedicle. In free flaps, the blood supply is
detached from the original location (“donor site”) and the tissue
is transferred to another location (“recipient site”) to cover a
defect. This procedure involves disconnecting its blood supply
and then reconnecting in again at the site of the defect. Since the
diameter of the arteries and veins that have to be sutured
(anastomosed) together can be as small as 1 to 2 millimeters in
diameter, skillful microsurgical techniques are employed. Both
pedicled and free flaps need adequate perfusion in order for the
tissue to survive. A thorough knowledge of vascular anatomy
and how the tissue is perfused are essential for successful flap
surgery.

In earlier days the use of myocutaneous flaps was the gold
standard in reconstructive surgery. This flap consists of skin,
subcutaneous tissue (fat) and the underlying muscle with its
fascia. The muscle was included as a carrier of the blood supply
to the overlying skin and subcutaneous tissue. The blood supply
to the skin originates from a deeper lying main vessel under the
muscle. Branches from this main vessel pass through the muscle,
perforate the overlying fascia and continue their way through the
subcutaneous tissue up to the skin. Since they perforate the fascia
these branches are called perforators. During the earlier days
surgeons realized that including enough perforators would
guarantee adequate perfusion to the overlying skin of the flap.
Theuvenet et al [1] were one of the first to introduce the use of
thermography in the pre-operative planning of flap surgery.
They called the technique thermographic assessment of per-
forating arteries. They realized that the perforators produced a
hot spot on the skin surface. By cooling down the skin surface
they obtained additional information on the quality and location
of the perforators. It was not until the mid 1990’s with pub-
lications from Salmi et al [2] and Zettermann et al. [3] from
Finland and Chijiwa et al [4] from Japan that the usefulness of
using thermography in flap surgery was again described.

A breakthrough in flap surgery came in 1989 when Koshima &
Soeda [5] discovered that the overlying skin and subcutaneous
tissue could actually survive on a single perforator without
including the underlying muscle. A perforator consists of a
perforating artery and its concomitant vein. The main advantage
of this finding was that no muscle is included and therefore there
is no loss of muscle function at the donor site. These perforator
flaps are now the gold standard in reconstructive surgery. The
use of perforator flaps requires microsurgical skill as the per-
forator is easily damaged. Selecting a suitable perforator is
crucial for survival of the flap. Itoh and Arai [6, 7] described for

the first time the use of thermography in the selection of a
suitable perforator in perforator flap surgery. Pre-operatively
they em- ployed a skin cooling technique which allowed them to
more easily identify a suitable perforator.

At our department we have since 2000 successfully used dynamic
infrared thermography (DIRT) as a technique to assist the plastic
surgeon in the preoperative, intra-operative and post-operative
phase of perforator flap surgery. DIRT involves using thermal
challenges applied to the skin, usually cold challenges, to help to
more clearly identify vascular patterns on the skin surface re-
sulting from the activity of underlying perforating blood vessels.
In the rewarming phase the perforators which transport warm
blood from the deep tissue to the skin surface appear as a rapidly
growing hot spot on the skin. [8,9]. Among other things we have
been using DIRT in perforator flap surgery for reconstruction
after trauma surgery, cancer surgery and treatment of pressure
sores

In order to illustrate the use of thermography in plastic surgery I
will use breast reconstruction with a deep inferior epigastric
perforator flap (DIEP flap) as an example. The DIEP is one of
the most complex perforator flaps in use. The lower abdomen
can provide a large amount of skin and subcutaneous tissue that
allows for the reconstruction of a naturally looking breast with
soft consistency and adequate volume. This tissue can be har-
vested on a single perforator from the deep inferior epigastric
artery and vein. This perforator passes through the rectus ab-
dominis muscle and overlying fascia and courses to the skin
where it connects with the subdermal plexux. The DIEP flap is
today the gold standard in breast reconstruction using the pa-
tient’s own tissue. The use of infrared thermography in the pre-,
intra- and postoperative phases of DIEP flap surgery will be
discussed. In addition some other application in plastic surgery,
such as trauma will be discussed. The experience we have gained
in using DIRT at our department shows the importance of close
collaboration between different field of medicine, including
physiology, radiology and plastic surgery.
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THERMOGRAPHY IN VITICULTURE

O.M.Grant
National University of Ireland Maynooth, Co. Kildare, Ireland

Precision agriculture matches inputs to crop demands, enhan-
cing crop yields and product quality, offering economic benefits
to the producer, and reducing resource wastage and pollution.
Dwindling water resources make precision irrigation an area of
particular interest. Precision irrigation is especially appealing in
viticulture, where precise regulation of vine water status is neces-
sary to optimize yield and grape (and hence wine) quality simulta-
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neously. Precision irrigation requires monitoring of both spatial
and temporal variation in vine water status.

Closure of stomata, the pores on the leaf surface through which
gas exchange takes place, is a rapid response to water deficit.
Detection of stomatal closure could alert the viticulturist to the
need to irrigate. Monitoring stomatal aperture, however, until
recently was a very slow processes. When stomata are open,
transpiration cools the leaves, but when the stomata close, there
is no longer any stomatal cooling. As a result, leaf temperature is
a good indicator of transpiration rate or stomatal conductance,
or conversely of water stress, when environmental conditions
are constant. Much progress has been made in determining the
impact of a range of variables (meteorological, leaf surface
radiative properties etc.) on leaf temperature. This means that
even under varying environmental conditions, stomatal conduc-
tance can now be estimated from leaf temperature.

Thermal imaging means that the temperature of large numbers
of leaves, plants, rows of crops, or even whole fields can be
assessed rapidly. Therefore in theory it should be possible to use
thermal imaging to detect individual vines that require irrigation,
and to determine changing irrigation requirements over time. In
practice, there is still some way to go before thermal imaging is
used routinely for irrigation scheduling. Whole crops do not
behave identically to individual leaves, variation in temperature
caused by variability in crop structure can be difficult to separate
from variation caused by differences in transpiration, and the
best means of removing the effect of variation in meteorological
conditions is still unclear. There are additional challenges relating
to grapevine. Firstly, it is not a continuous crop, meaning that in
overhead images leaf temperatures need to be separated from
the temperatures of the soil or ground herbage in corridors
between vine rows. Secondly, for many cultivars understanding
of grapevine physiology has been derived from measurement on
the vertical leaves facing into the corridors, whereas aerial or
satellite imaging captures horizontal leaves at the top of vine
canopies. Nonetheless, grapevine is one of the best studied
crops with respect to thermal imaging under field conditions,
and the potential of thermal imaging for detection of spatial
variation in vine water status has been amply proven. With
sufficient focusing of effort and collaboration between disci-
plines, the remaining technical problems should not be insur-
mountable.

There has recently also been some interest in utilizing thermal
imaging to better understand different physiological responses in
different cultivars, and there is no reason why thermal imaging
could not be used for large-scale screening of different geno-
types under particular environmental conditions, as is being
undertaken as part of genetic improvement programs in other
crops. Thermal imaging has also been shown to be useful for
pre-visualization detection of pathogen infection and for moni-
toring the temperature of developing grapes (an important
determinant of final grape, and wine, quality). Diverse uses of
thermal imaging in other disciplines, such as ecology, may also be
found to be relevant to enhancing modern viticulture. Additio-
nally, it is likely that thermography will increasingly be combined
with other imaging techniques (near infra-red, chlorophyll
fluorescence, multi/hyperspectral, laser-induced) for a more
complete understanding of vine, or vineyard, behaviour.

THERMOGRAPHY IN EQUINE MEDICINE AND
THE INFLUENCE OF DIFFERENT ENVIROMENTAL
FACTORS ON THE THERMOGRAPHICALLY
DETERMINED TEMPERATURE

S. Westermann
Equine Clinic, Large Animal Surgery and Orthopaedics, Department for
Companion Animals and Horses, University of Veterinary Medicine Vienna,
Veterinärplatz 1, A-1210 Vienna, Austria

INTRODUCTION: Since the mid-sixties of the last century
thermo- graphy is used in equine medicine as a diagnostic tool.
The application of thermography in equine medicine, especially
in orthopaedics is widespread. Thermography, however, is influen-
ced by many environmental factors. In a serial of trials we
evaluated the influence of “environmental” factors as changes in
distance and angle of the camera to the horse, airflow or sedation
as well as the reproducibility of measurements.

MATERIALS AND METHODS: Clinically healthy horses, free
of lame- ness were included in these studies. Horses were
brought into an examination room and fixed in a stock and
equilibration time was given to the horses. Thermographic ima-
ging was performed with a portable infrared camera (Variocam,
Infratec, Germany) equip- ped with an uncooled microbolo-
meter focal plane array detector and a spectral range between 7.5
to 14μm. The emissivity was adjusted at 1.00.

To evaluate the influence of changes in angle and distance of the
camera (trial 1), a replicate of thermographic images were taken
from ten horses three times a day. Images were recorded from
the lateral aspect of the third metacarpal bone of both forelimbs.
Standard images were defined with the camera positioned at an
angle of 90° and a distance of 1.0 m to the forelimb. Further
images were recorded with an angle of 70° and 110° or a distance
of 1.5 m. In addition, at the end of each replicate, five standard
images were recorded within eight minutes to evaluate the
short-time reproducibility.

To determine the effects of airflow (trial 2), thermographic
images from six horses were recorded during three replicates (R)
of 30 minutes. Each replicate consisted of a baseline image (BL),
a 15 minute phase of wind on (WON) with defined wind
velocities (R1: 0.5-1.0m/s, R2: 1.3-2.6m/s, R3: 3.0-4.0m/s) and a
15 minute phase without wind (WOFF). The distal frontlimb
was exposed to draft, produced by a commercially available wind
machine.

All images were analysed with analytical software (IRBIS, Infra-
tec). Maximum and mean surface temperature was calculated
from a region of interest (ROI) which was built out of a polygon
of the lateral third metacarpal bone and fetlock joint.

Results: In trial 1 the mean differences of temperatures between
left and right forelimb of standard images were 0.32°C. Tem-
perature of the standard images was highly correlated with
temperatures of images taken with changed angle and distance
(p< 0.01). The mean difference between the temperatures of the
standard images and temperatures of images with changed angle
and distance was on the left side and right side approximately
0.2°C. Short-time reproducibility showed mean difference in
temperature less than 0.2°C for both forelimbs.

Trial 2: After onset of wind the temperature of the forelimb
decreased within one to three minutes up to 2.1°C depending on
velocity and reached baseline values within three minutes after
wind was stopped. With increasing wind velocity the tempera-
ture differences between BL and WON, and WON and WOFF
of the forelimb increased significantly.

Discussion: In general, all results should be interpreted with care
as we used only sound horses. Demonstrated changes in thermo-
graphically taken temperatures may differ in horses with local or
general inflammations. Moreover we have analysed reactions at
regions of the body with prominent vascularity and can only
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assume that thermographical temperature shows the same de-
velopment at other parts of the body. The ambient temperature
in trial 1 was up to 30°C; it can be speculated whether this had an
effect on the results of this trial.

Further research may assess the influence of different hair length
and density as well as effects of low ambient temperatures.

Conclusion: Thermography is common in equine medicine. The
effects of environmental factors, however, are barely investi-
gated yet. The present studies showed that thermographically
determined temperatures of the forelimbs were not significantly
affected by changes in the position of the camera, i.e. deviations

in angle (20°) and distance (0.5 m). Differences between left and
right forelimb must be considered during bilateral comparison in
diagnostic investigations.

Even barely noticeable wind velocities affect thermographically
determined temperatures of the forelimbs. Thus, it is essential
for practitioners to perform thermography on horses in a draft
free environment to avoid false positive or negative diagnoses.
Further research is required to assess the influence of airflow on
other parts of the body and the effects on horses with in-
flammatory lesions especially at the distal limbs.
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