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30.1 Definition

Thermography is a technique that allows visu-
alizing and accurately measuring the tempera-
ture of bodies, without the need of physical
contact since it captures infrared radiation they
emit. Medically, it allows registering the cold
and hot areas of a patient’s body thanks to the
energy radiated by their skin, with a precision
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that can reach up to one hundredth of a degree
centigrade [1] (Fig. 30.1).

30.2 Spectral Regions

As is well known, the human eye can detect a
small portion of the electromagnetic spectrum,
whose wavelength is between violet 400 nm and
deepest red 700 nm (0.4-0.7 pm). Beyond this
dark red, there is a vast spectral region called
infrared that ends at 1000 nm the point where the
microwave region begins [1].

From a practical point of view, the infrared
region can be subdivided into two large regions:
(a) the near infrared or NIR region (0.7-1.4 pm),
capable of being captured by any CCD or CMOS
photographic sensor prepared for infrared, and
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Fig.30.1 Thermographic
image of the face of one
of the authors after
rubbing his cheek with a
can of frozen film

Table 30.1 Infrared spectrum regions

Name Abbreviation A, pm
Near infrared NIR, IR-A 0.7-1.4
IR thermographic  Short- SWIR 1.4-3
region wavelength IR-B

infrared

Mid- MWIR 3-6

wavelength  IR-C 6-8

infrared

Long- LWIR 8-15

wavelength  IR-C

infrared

Far infrared FIR

(b) the far infrared or IR thermographic region
(1.4-1000 pm), which is susceptible to par-
tial registry through the use of thermal imaging
cameras with special sensors. This chapter will
mostly deal with this region as it is the one with
the greatest medical applications.

The thermographic region is subdivided into
two subsets: (a) medium infrared, which is the
one that interests us and comprises the short
wave region or SWIR (1.4-3 pm), medium or
MWIR (3-8 pm), and long or LWIR (8—15 pm),
and (b) the far infrared FIR (15-1000 pm) has
scarce practical use [2] (Table 30.1).

15-1000 20-0.3

I 33.34

30.96
28.57
o
26.19 g
k3
23.80
21.42
19.03
Band frequency, THz  Characteristics
400-214 Photographic region (CCD
and CMOS)
214-100 Cooled cameras
100-37 Cooled cameras
Not useful
Opaque atmosphere
37-20 Non-cooled microbolometers

(8-12 pm also cooled)

Interferences with atmosphere

Cameras capture the body’s reflected radia-
tion which belongs to the closer infrared regions
(NIR and SWIR); the middle regions (MWIR and
LWIR) are captured by radiation emitted from
the body, since any object above of zero degrees
Kelvin (—=273.15 °C) is capable of emitting infra-
red radiation.

Atmosphere, water vapor, carbon monox-
ide, nitrogen, ozone, and even the heat emitted
by the Earth itself create a series of barriers
and interferences that allow only certain
regions to be of thermographic utility for medi-
cal applications. These regions are called infra-
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red windows, and they mostly belong to the
MWIR and LWIR bands.

30.3 Thermographic Camera

A thermal camera consists of the following
components:

e Lenses: the lenses for thermography are manu-
factured with materials permeable to the entire
infrared spectral band and have a characteristic
opacity. The most common materials are ger-
manium, silicon, and zinc selenide (Fig. 30.2).

* Detectors: are matrixes of sensors placed in the
focal plane of the lens. The distance between
the center of two adjacent sensors is called
pixel pitch (also referred to as “dot pitch”) and
is measured in millimeters (written in the form
of p(mm)). Together with the number of sen-
sors pixel’s pitch is what determines the reso-
Iution of the detector, which usually has
between 60,000 and 1,000,000 sensors.

Depending on whether the detectors have an
inner cooling system or not, there are two types
of cameras and detectors [3, 4] (Fig. 30.3).

e Uncooled microbolometers: consist of a
matrix of microbolometers that, in essence,
are plates of vanadium oxide or amorphous

Fig.30.2 Germanium lens for thermal imaging cameras

Microbolometer

Fig. 30.3 Top view of a plate of romboidal microbolom-
eters. Note the long isolation pins (Original image by Luis
Monje)

silicon attached to the base by two small legs
that work as insulators. The infrared image (in
the spectral band between 8 and 13 pm) once
projected on each microbolometer heats pro-
portionally the plate modifying their electrical
resistance, which translates into a greater or
lesser signal intensity in each pixel. These
cameras are affordable, their startup is instan-
taneous, their energy consumption is lower
(they do not have refrigeration), and they are
more robust (Figs. 30.4 and 30.5).

e Cryo-cooled solid-state detectors: They are
based on the photoelectric effect similar to
photographic sensors. They consist of a matrix
of cells, each with two closed layers of doped
semiconductors connected to each other by a
measurement circuit. The valence layer has an
electronic imbalance, and when infrared radia-
tion hits it, it frees up electrons to the conduc-
tion layer. These electrons return to the valence
shell by a circuit that measures the generated
electrical current, delivering the signal of each
pixel. Most detectors are composed of indium
antimonide (InSb), indium gallium arsenide
(InGaAs), platinum silicide (PtSi), mercury
and cadmium telluride (MCT), vanadium
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Fig.30.4 Perspective
view of a rectangular
microbolometer
(Original image by Luis
Monje)

Fig.30.5 High-end thermographic camera from InfraTec
with microbolometer detector model VarioCAM® HD
research 900, equipped with a sensor with a resolution of
1024 x 768 pixels that by an opto-mechanical scan can go

oxide (VOx), or amorphous silicon. The mate-
rial chosen determines the spectral segment to
work with, since none of them is capable of
capturing the entire infrared region. CO2, N2,
and O3 molecules found in water vapor in the
atmosphere are opaque to infrared and act as
a filter, retaining most of the infrared spectral
band except in certain permeable segments
called windows. Thanks to this, in thermog-

up to 2048 x 1024 pixels. Its partial image speed is
240 Hz, and it has an integrated 5.6” TFT monitor and
viewfinder (Image courtesy of InfraTec GmbH (www.
infratec.de))

raphy we can use IR windows of 1.4-3 pm
(SWIR), 2-5.6 pm (MWIR), and 8—14 pm, cor-
responding to the LWIR. The detector is usu-
ally attached to a Dewar vessel (double-walled
vessel containing liquid nitrogen at —200 °C)
or to other types of simpler coolers based on the
Peltier and Stirling effect. The reason for cool-
ing the detector is to prevent air from the camera
itself and its circuits interfering with the capture
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by the sensor, thus achieving greater accuracy
and thermal resolution. The thermal accuracy
can be ten times that of cameras with uncooled
detectors and represents approximately 0.01 °C
compared to the average accuracy of 0.85 °C
of microbolometers (not refrigerated). Its spec-
tral range varies between 1.5 and 5.1 pm. The
cameras with cooled detector are much more
expensive to manufacture and need a minimum
startup time of about 7 min, although their sen-
sitivity and resolution are much higher as their
cells are much smaller and carry refrigeration.
In addition, the device is larger, more delicate,
and with a higher power consumption. When
the subject undergoes sudden changes in tem-
perature, the microbolometers take some time
to warm up and show the effect, while in the
cooled detectors, the change is almost instan-
taneous (1 ps), which makes them ideal for
thermal analysis of subjects in movement [5]
(Figs. 30.6 and 30.7).

Infrared

30.4 Uses of Thermography

Due to its intrinsic characteristics, thermography
is very useful for remote temperature measure-
ments like evaluation of buildings’ insulation,
location of hot zones in motors and electric cir-
cuits, detection of thermal bridges, imaging peo-
ple and animals in total darkness, night maritime
rescue operations, gas leaks, surveillance tasks,
defense and security, meteorology, and health
sciences.

30.5 Medical Applications
of Thermography

Thermography has been used for quite some time
for the functional and clinical assessment of the
human body. It has been part of a complementary
evaluation system that based his diagnostic imag-
ing potential in the detection of multiple patholo-

Fig.30.6 Schematic drawing showing principle of operation for a solid-state detector

Fig.30.7 High-end
thermographic camera
by Telops with
solid-state detector,
model HDR M100hd. It
has a sensor of

1280 x 1024 pixels at
105 ips, with partial
image speed of 240 Hz
and a spectral range
between 3 and 5 pm. Its
price exceeds 190,000
USD (Image courtesy of
Telops®)

TELDPS
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gies [6]. Hyperemia (an excess of blood in the
vessels supplying an organ or other part of the
body) is caused by vasodilatation, and it is a sign
present in multiple conditions. It causes a tem-
perature increase, in many cases at a superficial
level and from a direct or reflex effect on the ves-
sels. It is currently being used [7] as a tool for the
detection of pathologies with trophic symptom-
atology of thermal origin, since it is a very pre-
cise system for measuring the superficial
temperature in the human body.

Recently it has been used a complementary
non-invasive imaging technique to evaluate
pathologies linked to breast cancer [8], such as
mastitis, with the understanding that it cannot be
used yet as a screening system, let alone unique,
for mammary oncological pathologies [9]. For
this reason, its use as an initial assessment system
has been abandoned when tumor alterations are
suspected, although it is still an adequate tool to
control the evolution of other pathologies that
may present thermal superficial alterations.

With the incorporation of new precision sys-
tems and the reduction of costs of equipment, dif-
ferent research works and case reviews are being
carried out to incorporate thermography and
evaluate its effectiveness in the management of
pathologies from different medical specialties
[10]. Currently, thermal image capturing has dif-
ferent clinical applications due to its interesting
uses [11, 12] in the complementary diagnosis and
evolution of the patient.

The human body has different mechanisms
of thermoregulation; trophic changes are gener-
ated by physiological and physio-pathological
processes that result in the loss, increase, or
modification of body heat. This is linked to the
vascular, neurovegetative, and musculoskeletal
system. The visualization of all these changes
of temperature by means of thermographic cam-
eras is becoming increasingly accessible and
can be a valuable element for detecting prob-
lems/alterations related to the physiopathology
of certain injuries. Registering the succession of
thermal changes over time would provide added
value to the knowledge of the evolution of cer-
tain lesions, helping to select the appropriate
therapy and monitoring the response to treat-

Fig. 30.8 Thermographic application to evaluate the
effect and temperature after the application of infrared
thermotherapy [1]

ment. Thermal changes after the application
of paraffin on the skin (Fig. 30.8), ultrasound
(Fig. 30.9), infrared and hot pack (Fig. 30.10),
and radial shock waves (Fig. 30.11) can be
assessed by thermography [13]. In the applica-
tion of therapies like short wave, microwave,
or other thermotherapy equipment, there are
already bioengineering investigations which
incorporate thermographic technology as an
adequate control system to modulate the inten-
sity of application of these physical therapies.
Having an automatic system that allows regu-
lating the power of application by means of
measuring skin and subcutaneous tissues tem-
perature can avoid injuring tissue due to burns.
This technology will surely be incorporated in
future equipment in the very near future, and
thermography will postulate itself as an excel-
lent control system (Fig. 30.12).

Another use of thermography has been in the
textile industry for the development of new tech-
nical fabrics. Thermal body images are used to
assess body heat losses before, during, and after
exercise, as well as under adverse weather
conditions.

In these cases, the measurements are not
related to the diagnosis and physiopathology of
the body but are intended to study how the organ-
ism interacts with the environment. Detecting
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Fig.30.10 Thermographic application to evaluate the effect and temperature after hot pack

heat leaks or checking if these could alter the
mechanisms of human thermoregulation is rele-
vant for the effectiveness and efficiency of the
technical material. Multiple brands of clothing
and footwear have presented studies with this
tool to support the new design of materials or
introduce improvements to their models.

A proper knowledge on the mechanisms
involved in the physiology of the corporal ther-
mal production and its alterations is a require-
ment for adequately interpreting thermal images
[14]. Its complexity exceeds the purpose of this
chapter. Knowing these processes is as essential
as mastering the camera and its software.
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Fig. 30.11 Thermographic application to evaluate the
effect and temperature after the shock waves

Current Studies

of Thermography

in Medicine and Health
Sciences

30.6

As previously mentioned, there is a large number
of medical pathologies were vascular changes are
present, both as hypertrophic or ischemia.
Thermal changes in the skin can be visualized
and quantified by thermography. One of the
clearest problems for which the diagnostic use of
thermography has not become extended is prob-
ably because within the same medical specialty,
(a) multiple pathologies with different symptoms
do not present peripheral vascular changes, and
(b) different pathologies can present similar vas-
cular changes. This reduces the discriminatory
potential of thermography to differentiate pathol-
ogies. One possible use, however, could be to
monitor changes of a lesion over time or after
treatment.

Thermography can be an excellent tool to
analyze the evolution of the injury. The clearest
examples are seen in the fields of physiotherapy
[15], physical medicine and rehabilitation [16],
traumatology [17], sport medicine [18], endo-
crinology [19], dermatology [20], and rheuma-
tology, where symptomatic peripheral vascular

Fig. 30.12 Thermographic camera donated by the
Clinical Research Unit in Biomechanics and Physiotherapy,
San Juan de Dios School of Nursing and Physiotherapy,
Comillas Pontifical University, Spain. The thermographic
system www.Enraf.es, is a device equipped with a latest
technology detector of vanadium oxide microbolometers
with the capacity to generate thermal images of 320 x 240
pixels in the spectral range of 7.5-13.0 pm. The system
makes visible differences of temperature of 50 mK and
provides data of 16 bits with up to 50 frames per second
with complete resolution of box of 640 x 480 thanks to
its connection Gigabit Ethernet. It has a high-speed win-
dow system function that increases the frequency of output
images up to 200 Hz in a window of 640 x 120 pixels

components are present at the time of diagnos-
ing and at follow-up.

The specialty of neurology, both in its phase
of motility and in the processes of immobility,
can be benefited by the use of this technique as
trophic changes or vascular alterations can be
present in certain conditions for certain patholo-
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gies. Thermography is a low cost, no invasive
technique with no contraindications that allows
obtaining information very quickly and easily.
In a recent paper, Hegedus et al. [21] showed the
effectiveness of using thermography as a tool for
monitoring patients who had stokes (cerebrovas-
cular accidents) by recording the trophic changes
in motor or sensory areas that have suffered brain
damage. The clinical incorporation of thermogra-
phy would allow to know improvements obtained
during the rehabilitation, such as increase in Range
of Movement (ROM) that produce vascular and
therefore thermal changes, as well as other mobil-
ity aspects (speed, strength, motor control) that
also evolve with easily recordable trophic varia-
tions and without contraindications for patients.
The first thermographic cameras appear in the
twentieth century as assessment tools in traumatic
pathologies. In 1977 the use of thermal imaging
as an assessment system for fractures and infec-
tions was published [22], emphasizing its impor-
tance not for the initial diagnosis or screening but
as a system of assessment in the evolution of the
pathology. It was also during this period that ther-
mal therapy was used [23] to monitor patients
with alterations in the locomotor system. It helped
objectify clinical changes. Research with this
non-invasive clinical tool in the area of fractures
continues today [24] as it provides [25] an assess-
ment and objectification of clinical changes in the
injured area. In children with traumatisms, evi-
dences have been found [26] of its usefulness as a
predictive system as it can be used to rule out the
existence of fractures, which suggest that it could
be a promising system to incorporate in clinics.
Regarding the area of traumatology and phys-
iotherapy [27], its use could be suitable to assess
the evolution of tendinopathies of various kinds,
although it is not a valid initial diagnostic system
as it does not differentiate among them. However,
muscular conditions like active trigger points can
be diagnosed with thermography [28] as well as
observe changes caused by physiotherapy. This
could be an excellent tool to analyze the evolu-
tion and effectiveness of such therapies. It
remains to be studied whether in latent or non-

active myofascial trigger points it could be a
potential diagnostic tool.

The number of articles on thermography in
medicine is not high when compared to other non-
invasive imaging technologies; however, there
are qualitative trials on the possible professional
utility that this tool can provide in clinical use
with interesting results. The Journal of Thermal
Biology published in 2017 [29] an interesting
Delphi study on the interest of health professionals
in this system as a potential tool for clinical assess-
ment; further studies should be done to understand
what data is important, how to standardize proce-
dures, and how to analyze the results obtained so
far. In 2018, Ginart et al. [30] compared the use
of thermography with other diagnostic imaging
systems in patients with cervical lesions. Again
and as seen in other clinical specialties (neurology,
traumatology, physiotherapy, etc.), it is a useful
technique for monitoring but not to make an ini-
tial diagnosis or screening system. However, there
are already investigations that are being done in
the opposite direction: they have shown that ther-
mography could be useful as an initial diagnostic
tool in lumbar injuries, helping in deciding the
possible physiotherapy scheme (osteopathy) [31].
On the other hand, a research work has also been
published [32] (2015) using thermography to dif-
ferentiate between two physiotherapy treatments
for lumbar injuries. As indicated by these works,
its use is highly interesting but remembering that
its strength is in monitoring rather than screening
and diagnosing.

Thermographic technology can also be used
to analyze the resistance of orthotic material, as it
can be a good system to know the stresses and
fatigue of the material [33]. It could be an ade-
quate tool to evaluate orthoses and fatigue of
materials used in rehabilitation, physiotherapy,
and traumatology. This field is enormous as there
are currently multiple studies and research works
in the development of new products, materials for
orthotic systems. The use of this non-invasive
technique to understand how these materials are
worn out by mechanical stress could be of great
help.
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30.7 Final Considerations

As final considerations of the publications of
recent years and as a trend in the clinical area, we
could summarize that thermography:

e It’s an excellent system for analyzing the evo-
lution of lesions, especially in those patholo-
gies that with inflammation or ischemic areas,
thermal modifications easily recordable by
thermographic systems.

e These systems have proven effective in
recording surface temperature variations
without contact with the patient. They are
non-invasive systems without any contraindi-
cation for the patient as they just collect the
emission of the temperature radiated by the
patient’s body.

e They are not an initial screening or diagnosis
system capable of detecting relevant clinical
aspects for their differentiation from other
pathologies. The fact that thermography does
not detect deep aspects can be limiting, but it
can guide in monitoring and symptom
assessment.

* Numerous medical specialties as well as other
branches of health science have publications
that provide evidence of their usefulness in
evolution of conditions with trophic changes.
These investigations are becoming more
numerous as cost of equipment is decreasing.
The use of thermography is yet not new, as it
has been used since last century.

e The study of thermography in other health
fields should continue in order to understand
its possible clinical application and determine
in which pathologies it could add value to use.
There is growing evidence recently of its high
interest as a non-invasive system that has no
contraindications and is increasingly more
accessible.

References

1. Monje L. Introduccién a la termografia. Apuntes del I
Posgrado Internacional en Imagen Cientifica. Madrid:
Universidad de Alcald de Henares; 2015.

10.

11.

12

13.

15.

. Byrnes J, et al. Unexploded ordnance detection and

mitigation. New York: Springer; 2009. p. 21-2. ISBN:
978-1-4020-9252-7.

. Cdmaras térmicas. http://www.rnds.com.ar/

articulos/062/144_W.pdf. Accessed 29 Mar 2019.

. Thermal chambers with or without refrigeration.

https://www.flir.com/es/discover/rd-science/cooled-
or-uncooled/. Accessed 29 Mar 2019.

. Miller JM. Principles of infrared technology (Van

Nostrand Reinhold, 1992); Miller and Friedman.
Photonic rules of thumb. New York: Springer; 2004.
ISBN: 978-0-442-01210-6.

. Barnes RB. Thermography of the human body:

infrared-radiant energy provides new concepts and
instrumentation for medical diagnosis. Science.
1963;140(3569):870-7.

. Toro JR, Poy PJE. Assessment of the vasodilatory

capacity of different analgesic currents using infra-
red thermography. Rehabilitation. 2012;46(1):7-14.
http://search.ebscohost.com/login.aspx ?direct=true&
db=c8h&AN=108174617&authtype=shib&lang=es
&site=ehostlive&scope=site&authtype=ip,shib.

. Sathiyabarathi M, Jeyakumar S, Manimaran A,

et al. Investigation of body and udder skin surface
temperature differentials as an early indicator of
mastitis in Holstein Friesian crossbred cows using
digital infrared thermography technique. Vet World.
2016;9(12):1386-91. https://doi.org/10.14202/
vetworld.2016.1386-139.

. Gourd E. Thermography should not be used in breast

cancer screening. Lancet Oncol. 2017;18(12):e713.
https://doi.org/10.1016/S1470-2045(17)30833-1.
Gatt A, Falzon O, Cassar K, et al. The applica-
tion of medical thermography to discriminate neu-
roischemic toe ulceration in the diabetic foot. Int J
Low Extrem Wounds. 2018;17(2):102. https://doi.
org/10.1177/1534734618783910.

Fitzgerald A, Berentson-Shaw J. Thermography as a
screening and diagnostic tool: a systematic review. N
Z Med J. 2012;125(1351):80-91. http://search.ebsco-
host.com/login.aspx ?direct=true&db=c8h& AN=104
435507 &authtype=shib&lang=es&site=ehost-live&s
cope=site&authtype=ip,shib.

. Asghar S, Lundstrem LH, Bjerregaard LS, Lange

KHW. Ultrasound-guided lateral infraclavicu-
lar block evaluated by infrared thermography and
distal skin temperature. Acta Anaesthesiol Scand.
2014;58(7):867-74. https://doi.org/10.1111/
aas.12351.

Gomez Cruz G. Fotografia termografica e infrarroja
para la deteccion de los cambios vasculares terapéu-
ticos por ondas de choque y ultrasonidos. Master
thesis. Madrid: III posgrado de Fotografia Cientifica,
Universidad Alcald de Henares; 2018.

. Guyton et al. Tratado De Fisiologia Médica.

Studentconsult.

dos Santos MGR, da Silva LGC, de Souza Junior
JR, Lemos TV, Matheus JPC. Thermographic: a
tool of aid in physical therapy diagnosis—Iiterature
review. Manual Ther. 2014;12(1):364-71. http://


http://www.rnds.com.ar/articulos/062/144_W.pdf
http://www.rnds.com.ar/articulos/062/144_W.pdf
https://www.flir.com/es/discover/rd-science/cooled-or-uncooled/
https://www.flir.com/es/discover/rd-science/cooled-or-uncooled/
http://search.ebscohost.com/login.aspx?direct=true&db=c8h&AN=108174617&authtype=shib&lang=es&site=ehostlive&scope=site&authtype=ip,shib
http://search.ebscohost.com/login.aspx?direct=true&db=c8h&AN=108174617&authtype=shib&lang=es&site=ehostlive&scope=site&authtype=ip,shib
http://search.ebscohost.com/login.aspx?direct=true&db=c8h&AN=108174617&authtype=shib&lang=es&site=ehostlive&scope=site&authtype=ip,shib
https://doi.org/10.14202/vetworld.2016.1386-139
https://doi.org/10.14202/vetworld.2016.1386-139
https://doi.org/10.1016/S1470-2045(17)30833-1
https://doi.org/10.1177/1534734618783910
https://doi.org/10.1177/1534734618783910
http://search.ebscohost.com/login.aspx?direct=true&db=c8h&AN=104435507&authtype=shib&lang=es&site=ehost-live&scope=site&authtype=ip,shib
http://search.ebscohost.com/login.aspx?direct=true&db=c8h&AN=104435507&authtype=shib&lang=es&site=ehost-live&scope=site&authtype=ip,shib
http://search.ebscohost.com/login.aspx?direct=true&db=c8h&AN=104435507&authtype=shib&lang=es&site=ehost-live&scope=site&authtype=ip,shib
http://search.ebscohost.com/login.aspx?direct=true&db=c8h&AN=104435507&authtype=shib&lang=es&site=ehost-live&scope=site&authtype=ip,shib
https://doi.org/10.1111/aas.12351
https://doi.org/10.1111/aas.12351
http://search.ebscohost.com/login.aspx?direct=true&db=ccm&AN=127081316&lang=es&site=ehost-live&scope=site&authtype=ip,shib

30

Medical Thermography

525

16.

17.

18.

19.

20.

21.

22.

23.

24.

search.ebscohost.com/login.aspx?direct=true&d
b=ccm&AN=127081316&lang=es&site=ehost-
live&scope=site&authtype=ip,shib. Accessed 2 Apr
2019.

Debiec-Bak A, Wéjtowicz D, Pawik L, Ptak A, Skrzek
A. Analysis of body surface temperatures in people
with Down syndrome after general rehabilitation
exercise. J Therm Anal Calorim. 2019;135(4):2399—
410. http://search.ebscohost.com/login.aspx ?direct=tr
ue&db=a9%h&AN=135041642&lang=es&site=ehost-
live&scope=site&authtype=ip,shib. Accessed 27 Mar
2019.

da Silva FP, Cabral Robinson C, Py—GonAalves
BR, Antonio Zaro M, Henrique Telles Da Rosa L,
Faria Silva M. Infrared thermography in adoles-
cents with Osgood-Schlatter disease. ConSci Saude.
2013;12(4):513-8. http://search.ebscohost.com/login.
aspx?direct=true&db=ccm&AN=104041770&lang
=es&site=ehost-live&scope=site&authtype=ip,shib.
Accessed 27 Mar 2019.

Aplas E, Golachowska M, Kurpas D. Thermography
as a non-invasive, reliable diagnostic tool in medi-
cine—examples. High School Pulse. 2015;9(4):25-9.
http://search.ebscohost.com/login.aspx ?direct=true&
db=a%h&AN=112913442&lang=es&site=ehostlive&
scope=site&authtype=ip,shib. Accessed 27 Mar 2019.
Borba Neves E, Vilaga-Alves J, Amorim Nogueira
IR, Machado RV. Influence of subcutaneous fat layer
in skin temperature. Motricidade. 2015;11(4):120-6.
http://search.ebscohost.com/login.aspx ?direct=true&
db=a9h&AN=115554262&lang=es&site=ehostlive&
scope=site&authtype=ip,shib. Accessed 27 Mar 2019.
Di Carlo A, et al. Can video thermography improve
differential diagnosis and therapy between basal cell
carcinoma and actinic keratosis? Dermatol Ther.
2014;27:290-7.

Hegedlis B. The potential role of thermography
in determining the efficacy of stroke rehabilita-
tion. J Stroke Cerebrovasc Dis. 2018;27(2):309-14.
http://search.ebscohost.com/login.aspx ?direct=tru
e&db=mdc&AN=29030045&lang=es&site=chost-
live&scope=site&authtype=ip,shib. Accessed 2 Apr
2019.

Lelik F, Bitar S, Konsburck R, Jaeger JH, Jenny G,
Kempf I. Cholesterol thermography and bone con-
solidation. Use of thermography in orthopedic trau-
matology. Rev Chir Orthop Reparatr L’appar Moteur.
1977;63(4):393-6. http://search.ebscohost.com/
login.aspx ?direct=true&db=mdc&AN=72394&lang
=es&site=ehost-live&scope=site&authtype=ip,shib.
Accessed 29 Mar 2019.

Keyl W, Lenhart P. Thermography in sport injuries and
lesions of the locomotor system due to sport. Fortschr
Med. 1975;93(3):124—6. http://search.ebscohost.com/
login.aspx?direct=true&db=mdc&AN=1173237&lan
g=es&site=ehost-live&scope=site&authtype=ip,shib.
Accessed 29 Mar 2019.

Curkovi¢ S, Antabak A, Haluzan D, Lueti¢ T, Prli¢
I, Sigko J. Medical thermography (digital infrared
thermal imaging—DITI) in paediatric forearm frac-

25.

26.

217.

28.

29.

30.

31.

tures—a pilot study. Injury. 2015;46(Suppl 6):S36-9.
http://search.ebscohost.com/login.aspx ?direct=tru
e&db=mdc&AN=26603613&lang=es&site=chost-
live&scope=site&authtype=ip,shib. Accessed 29 Mar
2019.

Haluzan D, Davila S, Antabak A, Dobric I, Stipic J,
Augustin G, et al. Thermal changes during healing of
distal radius fractures—preliminary findings. Injury.
2015;46(Suppl  6):S103-6. http://search.ebscohost.
com/login.aspx ?direct=true&db=mdc& AN=2659641
S&lang=es&site=ehostlive&scope=site&authtype=ip
,shib. Accessed 29 Mar 2019.

Sanchis-Sanchez E, Salvador-Palmer R,
Codoiier-Franch P, Martin I, Vergara-
Hernandez C, Blasco J, et al. Infrared

thermography is useful for ruling out fractures in pae-
diatric emergencies. Eur J Pediatr. 2015;174(4):493—
9.  http://search.ebscohost.com/login.aspx ?direct=tr
ue&db=mdc&AN=25241828&lang=es&site=ehost-
live&scope=site&authtype=ip,shib. Accessed 2 Apr
2019.

Chaudhry S, Fernando R, Screen H, Waugh C, Tucker
A, Morrissey D. The use of medical infrared ther-
mography in the detection of tendinopathy: a sys-
tematic review. Phys Ther Rev. 2016;21(2):75-82.
http://search.ebscohost.com/login.aspx?direct=true
&db=ccm&AN=118990065&lang=es&site=ehost-
live&scope=site&authtype=ip,shib. Accessed 2 Apr
2019.

Girasol CE, Dibai-Filho AV, de Oliveira AK, de
Jesus Guirro RR. Correlation between skin tem-
perature over myofascial trigger points in the upper
trapezius muscle and range of motion, electro-
myographic activity, and pain in chronic neck pain
patients. J Manip Physiol Ther. 2018;41(4):350-7.
http://search.ebscohost.com/login.aspx ?direct=tru
e&db=mdc&AN=29631764&lang=es&site=chost-
live&scope=site&authtype=ip,shib. Accessed 2 Apr
2019.

Moreira DG, Costello JT, Brito CJ, Adamczyk JG,
Ammer K, Bach AJE, et al. Thermographic imaging
in sports and exercise medicine: a Delphi study and
consensus statement on the measurement of human
skin temperature. J Therm Biol. 2017;69:155-62.
http://search.ebscohost.com/login.aspx ?direct=tru
e&db=mdc&AN=29037377&lang=es&site=chost-
live&scope=site&authtype=ip,shib. Accessed 29 Mar
2019.

Ginat DT, Anthony GJ, Christoforidis G, Oto A, Dalag
L, Sammet S. Comparison between whole-body and
head and neck neurovascular coils for 3-T magnetic
resonance proton resonance frequency shift thermog-
raphy guidance in the head and neck region. Lasers
Med Sci. 2018;33(2):369-73. http://search.ebscohost.
com/login.aspx ?direct=true&db=mdc& AN=2922404
8&lang=es&site=ehostlive&scope=site&authtype=ip
,shib. Accessed 1 Apr 2019.

Polidori G, Kinne M, Mereu T, Beaumont F, Kinne
M. Medical infrared thermography in back pain
osteopathic management. Complement Ther Med.


http://search.ebscohost.com/login.aspx?direct=true&db=ccm&AN=127081316&lang=es&site=ehost-live&scope=site&authtype=ip,shib
http://search.ebscohost.com/login.aspx?direct=true&db=ccm&AN=127081316&lang=es&site=ehost-live&scope=site&authtype=ip,shib
http://search.ebscohost.com/login.aspx?direct=true&db=ccm&AN=127081316&lang=es&site=ehost-live&scope=site&authtype=ip,shib
http://search.ebscohost.com/login.aspx?direct=true&db=a9h&AN=135041642&lang=es&site=ehost-live&scope=site&authtype=ip,shib
http://search.ebscohost.com/login.aspx?direct=true&db=a9h&AN=135041642&lang=es&site=ehost-live&scope=site&authtype=ip,shib
http://search.ebscohost.com/login.aspx?direct=true&db=a9h&AN=135041642&lang=es&site=ehost-live&scope=site&authtype=ip,shib
http://search.ebscohost.com/login.aspx?direct=true&db=ccm&AN=104041770&lang=es&site=ehost-live&scope=site&authtype=ip,shib
http://search.ebscohost.com/login.aspx?direct=true&db=ccm&AN=104041770&lang=es&site=ehost-live&scope=site&authtype=ip,shib
http://search.ebscohost.com/login.aspx?direct=true&db=ccm&AN=104041770&lang=es&site=ehost-live&scope=site&authtype=ip,shib
http://search.ebscohost.com/login.aspx?direct=true&db=a9h&AN=112913442&lang=es&site=ehostlive&scope=site&authtype=ip,shib
http://search.ebscohost.com/login.aspx?direct=true&db=a9h&AN=112913442&lang=es&site=ehostlive&scope=site&authtype=ip,shib
http://search.ebscohost.com/login.aspx?direct=true&db=a9h&AN=112913442&lang=es&site=ehostlive&scope=site&authtype=ip,shib
http://search.ebscohost.com/login.aspx?direct=true&db=a9h&AN=115554262&lang=es&site=ehostlive&scope=site&authtype=ip,shib
http://search.ebscohost.com/login.aspx?direct=true&db=a9h&AN=115554262&lang=es&site=ehostlive&scope=site&authtype=ip,shib
http://search.ebscohost.com/login.aspx?direct=true&db=a9h&AN=115554262&lang=es&site=ehostlive&scope=site&authtype=ip,shib
http://search.ebscohost.com/login.aspx?direct=true&db=mdc&AN=29030045&lang=es&site=ehost-live&scope=site&authtype=ip,shib
http://search.ebscohost.com/login.aspx?direct=true&db=mdc&AN=29030045&lang=es&site=ehost-live&scope=site&authtype=ip,shib
http://search.ebscohost.com/login.aspx?direct=true&db=mdc&AN=29030045&lang=es&site=ehost-live&scope=site&authtype=ip,shib
http://search.ebscohost.com/login.aspx?direct=true&db=mdc&AN=72394&lang=es&site=ehost-live&scope=site&authtype=ip,shib
http://search.ebscohost.com/login.aspx?direct=true&db=mdc&AN=72394&lang=es&site=ehost-live&scope=site&authtype=ip,shib
http://search.ebscohost.com/login.aspx?direct=true&db=mdc&AN=72394&lang=es&site=ehost-live&scope=site&authtype=ip,shib
http://search.ebscohost.com/login.aspx?direct=true&db=mdc&AN=1173237&lang=es&site=ehost-live&scope=site&authtype=ip,shib
http://search.ebscohost.com/login.aspx?direct=true&db=mdc&AN=1173237&lang=es&site=ehost-live&scope=site&authtype=ip,shib
http://search.ebscohost.com/login.aspx?direct=true&db=mdc&AN=1173237&lang=es&site=ehost-live&scope=site&authtype=ip,shib
http://search.ebscohost.com/login.aspx?direct=true&db=mdc&AN=26603613&lang=es&site=ehost-live&scope=site&authtype=ip,shib
http://search.ebscohost.com/login.aspx?direct=true&db=mdc&AN=26603613&lang=es&site=ehost-live&scope=site&authtype=ip,shib
http://search.ebscohost.com/login.aspx?direct=true&db=mdc&AN=26603613&lang=es&site=ehost-live&scope=site&authtype=ip,shib
http://search.ebscohost.com/login.aspx?direct=true&db=mdc&AN=26596415&lang=es&site=ehostlive&scope=site&authtype=ip,shib
http://search.ebscohost.com/login.aspx?direct=true&db=mdc&AN=26596415&lang=es&site=ehostlive&scope=site&authtype=ip,shib
http://search.ebscohost.com/login.aspx?direct=true&db=mdc&AN=26596415&lang=es&site=ehostlive&scope=site&authtype=ip,shib
http://search.ebscohost.com/login.aspx?direct=true&db=mdc&AN=26596415&lang=es&site=ehostlive&scope=site&authtype=ip,shib
http://search.ebscohost.com/login.aspx?direct=true&db=mdc&AN=25241828&lang=es&site=ehost-live&scope=site&authtype=ip,shib
http://search.ebscohost.com/login.aspx?direct=true&db=mdc&AN=25241828&lang=es&site=ehost-live&scope=site&authtype=ip,shib
http://search.ebscohost.com/login.aspx?direct=true&db=mdc&AN=25241828&lang=es&site=ehost-live&scope=site&authtype=ip,shib
http://search.ebscohost.com/login.aspx?direct=true&db=ccm&AN=118990065&lang=es&site=ehost-live&scope=site&authtype=ip,shib
http://search.ebscohost.com/login.aspx?direct=true&db=ccm&AN=118990065&lang=es&site=ehost-live&scope=site&authtype=ip,shib
http://search.ebscohost.com/login.aspx?direct=true&db=ccm&AN=118990065&lang=es&site=ehost-live&scope=site&authtype=ip,shib
http://search.ebscohost.com/login.aspx?direct=true&db=mdc&AN=29631764&lang=es&site=ehost-live&scope=site&authtype=ip,shib
http://search.ebscohost.com/login.aspx?direct=true&db=mdc&AN=29631764&lang=es&site=ehost-live&scope=site&authtype=ip,shib
http://search.ebscohost.com/login.aspx?direct=true&db=mdc&AN=29631764&lang=es&site=ehost-live&scope=site&authtype=ip,shib
http://search.ebscohost.com/login.aspx?direct=true&db=mdc&AN=29037377&lang=es&site=ehost-live&scope=site&authtype=ip,shib
http://search.ebscohost.com/login.aspx?direct=true&db=mdc&AN=29037377&lang=es&site=ehost-live&scope=site&authtype=ip,shib
http://search.ebscohost.com/login.aspx?direct=true&db=mdc&AN=29037377&lang=es&site=ehost-live&scope=site&authtype=ip,shib
http://search.ebscohost.com/login.aspx?direct=true&db=mdc&AN=29224048&lang=es&site=ehostlive&scope=site&authtype=ip,shib
http://search.ebscohost.com/login.aspx?direct=true&db=mdc&AN=29224048&lang=es&site=ehostlive&scope=site&authtype=ip,shib
http://search.ebscohost.com/login.aspx?direct=true&db=mdc&AN=29224048&lang=es&site=ehostlive&scope=site&authtype=ip,shib
http://search.ebscohost.com/login.aspx?direct=true&db=mdc&AN=29224048&lang=es&site=ehostlive&scope=site&authtype=ip,shib

526

L. Monje-Arenas and N. Pérez-Mallada

32.

2018;39:19-23.  http://search.ebscohost.com/login.
aspx ?direct=true&db=mdc&AN=30012388&lang
=es&site=ehostlive&scope=site&authtype=ip,shib.
Accessed 1 Apr 2019.

Duarte Brito J, Detogni Schmit EF, Rocha Nébrega
S, de Aradjo-Neto SA, de Almeida Ferreira JJ, de
Andrade PR, et al. Thermographic changes in chronic
low back pain under physiotherapeutic treatment: con-
trolled and randomized clinical trial. ConSci Saude.
2015;14(1):89-98. http://search.ebscohost.com/login.
aspx?direct=true&db=ccm&AN=109814009&lang

33.

=es&site=ehost-live&scope=site&authtype=ip,shib.
Accessed 2 Apr 2019.

Bagheri ZS, El Sawi I, Bougherara H, Zdero
R. Biomechanical fatigue analysis of an advanced
new carbon fiber/flax/epoxy plate for bone fracture
repair using conventional fatigue tests and thermog-
raphy. J] Mech Behav Biomed Mater. 2014;35:27-38.
http://search.ebscohost.com/login.aspx ?direct=tru
e&db=mdc&AN=24918250&lang=es&site=chost-
live&scope=site&authtype=ip,shib. Accessed 1 Apr
2019.


http://search.ebscohost.com/login.aspx?direct=true&db=mdc&AN=30012388&lang=es&site=ehostlive&scope=site&authtype=ip,shib
http://search.ebscohost.com/login.aspx?direct=true&db=mdc&AN=30012388&lang=es&site=ehostlive&scope=site&authtype=ip,shib
http://search.ebscohost.com/login.aspx?direct=true&db=mdc&AN=30012388&lang=es&site=ehostlive&scope=site&authtype=ip,shib
http://search.ebscohost.com/login.aspx?direct=true&db=ccm&AN=109814009&lang=es&site=ehost-live&scope=site&authtype=ip,shib
http://search.ebscohost.com/login.aspx?direct=true&db=ccm&AN=109814009&lang=es&site=ehost-live&scope=site&authtype=ip,shib
http://search.ebscohost.com/login.aspx?direct=true&db=ccm&AN=109814009&lang=es&site=ehost-live&scope=site&authtype=ip,shib
http://search.ebscohost.com/login.aspx?direct=true&db=mdc&AN=24918250&lang=es&site=ehost-live&scope=site&authtype=ip,shib
http://search.ebscohost.com/login.aspx?direct=true&db=mdc&AN=24918250&lang=es&site=ehost-live&scope=site&authtype=ip,shib
http://search.ebscohost.com/login.aspx?direct=true&db=mdc&AN=24918250&lang=es&site=ehost-live&scope=site&authtype=ip,shib

	30: Medical Thermography
	30.1	 Definition
	30.2	 Spectral Regions
	30.3	 Thermographic Camera
	30.4	 Uses of Thermography
	30.5	 Medical Applications of Thermography
	30.6	 Current Studies of Thermography in Medicine and Health Sciences
	30.7	 Final Considerations
	References




