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1.1  Introduction

Tissue heating by water-filtered infrared A radiation (wIRA) is based on interac-
tions between radiation and tissues. wIRA-hyperthermia (wIRA-HT) requires an 
interdisciplinary approach involving photobiological principles and laws, (patho-)
physiological tissue responses, and the needs of proper dosimetry. Thus, an exact 
terminology is crucial to prevent interdisciplinary misunderstanding and to be con-
sistent with the International System of Units (SI). Science-based terms are also the 
key for traceability and comparability of measured data published by different 
authors and to prevent misconceptions and confusion of readers/users due to impre-
cise vocabulary or different denominations of identical parameters. Therefore, a 
glossary of basic physical terms and of SI-based radiometry units is proposed for 
consistent use in wIRA-HT.  Also provided are terms defined by the European 
Society of Hyperthermic Oncology (ESHO) which are currently recommended for 
quality proof of superficial hyperthermia in oncology, and empirical, basic data for 
wIRA skin exposures in radiation oncology and in physical therapy (Tables 1.1, 1.2, 
1.3, 1.4, 1.5, 1.7 and Figs. 1.1, and 1.2).
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1.2  Recommended Terms

Table 1.1 Terms and tools to characterize the spectrum of infrared radiation [1–3]

Term Symbol
Spectral 
range Note

Electro- 
magnetic 
radiation

EMR 10−11–108 m Energy propagating in form of electromagnetic waves

Optical radiation 0.1–1000 μm Optical radiation is part of EMR responding to the laws 
of optics regarding refraction, focusing, and reflection. 
Ranges: Ultraviolet (UV, 0.1–0.4 μm), visible (VIS, i.e., 
“light,” 0.40–0.78 μm), and infrared radiation (IR, 
0.78–1000 μm)

Infrared radiation 
(total)

IR 0.78–
1000 μm

IR is a spectral range of optical radiation.

Visible radiation, 
light

VIS 0.40–
0.78 μm

VIS is the visible spectral range of optical radiation. It is 
usually called “light”.

Infrared A 
radiation

IR-A 0.78–
1.40 μm

Sub-range of IR, short-wavelength IR, recommended 
term for use in medicine

Infrared B 
radiation

IR-B 1.40–
3.00 μm

Sub-range of IR, mid-wavelength IR, recommended 
term for use in medicine

Infrared C 
radiation

IR-C 3–1000 μm Sub-range of IR, long-wavelength IR, recommended 
term for use in medicine

Water-filtered 
infrared A 
radiationa

wIRAa 0.78–
1.40 μm

Short-wavelength IR spectrally filtered by a water layer 
(= water filter)
Recommended term for use in medicine/biomedicine

Near-infrared 
radiation

NIR 0.78–
3.00 μm

Terms are frequently used in physics, geophysics, and 
astrophysics
Not recommended for use in medicine due to significant 
differences in the interaction with biological tissues 
within the range of IR

Mid-infrared 
radiation

MIR 3–50 μm

Far-infrared 
radiation

FIR 50–1000 μm

Optical filter Object that transmits spectral power selectively or partially
Band-pass filter τf ≈ 0 Object that minimizes radiant power outside of a 

spectral band
(λc1 ≤ λ ≤ λc2), (τf —Transmittance of the filter)

Dichroic filter,
Interference filter

Special type of band-pass filter that transmits a defined 
band of spectral radiant power and reflects the 
remaining part

Cut-off filter τf ≈ 0 for 
λ ≤ λc

Object that minimizes transmittance τf below a defined 
“cut-off” wavelength λc

Cut-on filter τf ≈ 0 for 
λ ≥ λc

Object that minimizes transmittance τf above a defined 
“cut-on” wavelength λc

Neutral density 
filter

τf = f, (f < 1) Object that reduces spectral radiant power by a factor f 
(τf – Filter transmittance)

Water filter τf = exp 
(−μaw · dw)

Object that minimizes spectral power by transmission of 
a water layer of thickness dw according to Lambert–
Beer’s law wherein μaw defines the absorption coefficient 
of water, and τf the transmittance of the filter

wIRA-radiator 
(syn.: 
wIRA-irradiator) 

Device to irradiate objects with wIRA. Some types are 
configured to emit also spectral portions of VIS (syn.: 
wIRA-irradiator) (i.e., light). This does not enhance 
their thermal effectiveness.

a Note: Effects of wIRA specified in this monograph are based on the use of wIRA-radiators which addi-
tionally emit a spectral portion of VIS to enable visual control of the treatment area and visual monitor-
ing of on–off cycles. This does not enhance their thermal effectiveness.
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Table 1.2 Terms and parameters to characterize wIRA emitted by a device and incident on the 
surface of the exposed object [2–7]

Term Symbol Unit Definition and notes
Emission 
spectrum

Spectral radiant power or spectral irradiance 
emitted by the radiation source as a function of the 
wavelengths

Exposure General term to express receiving of radiation by 
the surface of an object. Do not confuse with → 
“radiant exposure”.

Exposure time Δt [s] Δt = te – t0 Duration from the beginning 
(t0) to the end (te) of exposure

Radiant powera

Radiant fluxa

Energy fluxa

Φ, P [W] Φ = dQ/dt Radiant energy emitted, 
reflected, transmitted, or 
received per unit of time

Radiant energya Q [W s], [J] Q = ∫Δt Φ dt Energy of radiation
Radiant 
exitancea

M [mW cm−2] M = dΦ/dA Radiant power emitted per unit 
area of the source surface. Do 
not confuse with → “intensity”.

Radiant 
intensitya

I [mW sr−1] I = dΦ/dΩ Radiant power emitted by 
source surface per unit of solid 
angle. Do not confuse with → 
“intensity”.

Radiancea,b L [mW cm−2 sr−1] L = dΦ/(dΩ dA) Radiant power emitted per unit 
of solid angle per unit of source 
area

Irradiancea,b E [mW cm−2] E = dΦ/dA Radiant power received per 
unit area

Incident 
irradiancea,b

Es [mW cm−2] Es = dΦs/dA Entering radiant power 
received per unit area on the 
surface

Homogeneity 
criterion of 
incident 
irradiancea,b

g2 g2 ≥ Es,min / Es,max Coefficient to evaluate the 
horizontal distribution of 
radiant power on the surface of 
a receiver. For high uniformity 
of exposure, g2 ≥ 0.9 is 
recommended

Effective size of 
the irradiated 
area

[cm2] Area on the surface of a receiver where the ratio 
between minimum and maximum of radiant power 
exceeds g2

Radiant 
exposurea,b, 
Irradiationa,b

Dosea,b

H [mJ cm−2] H = dQ/dA = ∫Δt 
E dt

Radiant energy received per 
unit area. Integral of irradiance 
over exposure time Δt. Do not 
confuse with “radiation dose” 
related to energy of ionizing 
radiation absorbed per unit of 
mass.

a Note: This quantity depends on the wavelength of radiation and on the spectrum of the irradiation 
source used.
b Note: In case of tilted surfaces, values decrease according to the cosine of angle between the 
directions of radiation and of the perpendicular on the surface θ, e.g., E(θ) = E(θ = 0) · cos θ 
(Lambert’s cosine law).

1 Glossary Used in wIRA-Hyperthermia
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Table 1.3 Terms quantifying interactions of wIRA with tissues [2–7]

(a) Absorption
Term Symbol Unit Definition and notes
Chromophore Part of a molecule responsible for absorption of radiation 

within one or more spectral bands resulting in electronic 
transition (UV and VIS) or in thermal molecular movements 
such as vibrations, rotations, and bending (IR). Usually, the 
absorbing molecule itself is called “chromophore”.

Absorbancea,
Internal 
absorbancea

A A = ln (Φs / ΦT)
= − ln τ

Logarithmical ratio 
between the incident 
radiant power Φs and the 
transmitted radiant power 
ΦT. Negative logarithm 
of (→) transmittance τ

Absorptancea α α = 1 - τ Absorbed part of 
radiation penetrating the 
tissue

Absorptiona Physical process of radiant energy transfer to tissue
Absorption 
coefficienta

μa [cm−1] μa = A / l Absorbance A per path 
length l

(b) Transmittance
Transmittancea τ τ = ΦT / Φs Ratio between the 

transmitted radiant power 
ΦT and the incident 
radiant power Φs

Transmissiona Physical process of radiant energy transfer passing the 
tissue

(c) Scattering and remittance
Scatterers in the 
tissue

Cells, nuclei, mitochondria, lysosomes, vesicles, striations 
in collagen fibrils, cross-striations in muscle fibers, 
macromolecular aggregates, membranes, fluctuations in 
dielectric constant, density, refractive index

Scatteringa Multiple change of the direction of radiation propagation 
due to collision with scatterers resulting in prolonging of its 
retention time in tissue

Elastic 
scattering

Scattering without energy loss of the photons

Inelastic 
scattering

Scattering with energy loss of the photons

Rayleigh 
scattering

Predominately elastic and isotropic scattering of radiation 
by particles with small or very small diameters as compared 
to the wavelength

Mie scattering Preferred to the forward hemisphere directed and 
predominately elastic scattering of radiation by particles 
with diameters similar or larger than the wavelength

Backscattering Remission of scattered radiation from the surface of 
exposed tissue in direction of the backward hemisphere

H. Piazena et al.
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Table 1.4 Terms quantifying propagation of wIRA within tissues [2–7]

Term Symbol Unit Definition and Notes
Radiant fluence 
ratea

 Spherical 
irradiancea

Scalar irradiancea

Eo [mW m–2] Eo = ∫4πsr 
L dΩ

Radiant power received by a target within 
the tissue from all directions of the 
surrounding

Radiant fluencea

Radiant spherical 
exposurea

Ho [mJ m–2] Ho = ∫Δt 
Eo dt

Radiant energy received by a target within 
the tissue from all directions of the 
surrounding volume during total exposure 
time

Radiative 
(effective) 
penetration deptha

δp [cm] δp = 1/μeff Depth of tissue where radiation power or 
irradiance decreased to 36.77% (= 1/e) of 
the incident value at the surface

a Note: This quantity depends on the wavelength of radiation and on the spectrum of the radiation 
source used.

Table 1.3 (continued)

Scattering 
coefficienta

μs [cm−1] μs = Ns · σs Measure of scattering of 
radiation which depends 
on volume density Ns and 
on the scattering cross 
section σs of particles

Reduced 
scattering 
coefficienta

μs’ [cm−1] μs’ = μs · (1 – g) Measure of scattering 
considering anisotropy 
(g) of radiation 
propagation

Attenuationa Decrease of irradiance, radiant fluence rate, and radiance 
within the tissue due to absorption and scattering of 
radiation

Effective 
attenuation 
coefficienta

μeff [cm−1] μeff = [3μa · (μa + μs’)]1/2 Measure of attenuation 
of radiation by 
absorption and scattering

(surface) 
reflectancea,
Reflectivitya

ρ ρ = Φref / Φs Reflected part Φref of 
incident radiant power Φs 
by reflection at the 
surface or discontinuity 
in the tissue

Diffuse 
reflectancea,
Remittancea

Rd Rd ≈ exp (−7μa/μeff) Remitted part of incident 
radiant power by 
backscattering within the 
tissue

a Note: This quantity depends on the wavelength of radiation and on the spectrum of the radiation 
source used.

Term Symbol Unit Definition and notes

1 Glossary Used in wIRA-Hyperthermia
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Table 1.5 Terms quantifying optical and thermal properties and thermal response of tissues

(a) Optical properties [2–7]
Term Symbol Unit Definition and notes
Black body
Black body 
radiation

Idealized non-reflecting body that completely absorbs 
incident EMR of all wavelengths and emits thermal 
EMR isotropic and proportional to fourth power of its 
temperature T according to Stefan–Boltzmann’s law

Emissiona Radiation emitted by excited atoms and/or molecules 
when transitioning into an energetic deeper state

Emittancea

Emissivitya
ε(T) ε = M(T)/Mbb(T) Measure to compare 

thermal radiant exitance 
from the surface of an 
object M at temperature T 
to that of black body Mbb

Optical 
window

Wavelength range where the tissue absorbs optical 
radiation to a significant lesser extent than at other 
wavelengths. Based on absorbance of 50%, the optical 
window ranges at about 600–1300 nm for fair skin and 
at about 750–1300 nm for black skin.

Radiant 
exitancea

M [mW cm−2] M = dΦ/dA Radiant power emitted per 
unit area of tissue surface

Relative 
refractive 
indexa

n n = c1 / c2 = sin θ1/θ2 Measure of bending of a 
beam when passing from 
medium 1 into medium 2 
if phase velocities of 
radiation in both media are 
different (c1 ≠ c2). θ1 is the 
incident angle, and θ2 is 
the refracted angle to the 
normal. The term n is 
called absolute refractive 
index if the beam transmits 
from vacuum into a 
medium.

(b) Thermal properties and responses [8–10]
Temperature T [°C] State variable. Measure of the thermal state of an 

object
Temperature 
difference

ΔT [K] ΔT = T1 – T2 Measure of the difference 
between two thermal states

Heating ratea HR [K min−1] HR = δT / δt Increase of tissue 
temperature after 
δt = 1 min of exposure

Heating-up 
timea

ΔtTSS [min] Exposure time to achieve thermal steady state (TSS)

H. Piazena et al.
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Table 1.5 (continued)

Specific 
absorption 
ratea

SAR [mW g−1] SAR = cp · HR Radiant energy cumulated 
per unit tissue mass after 
δt = 1 min of exposure 
(under the assumption of 
negligible heat dissipation 
due to blood perfusion)

Effective field 
size

EFS [cm2] Size of an area within the tissue at a depth of 1 cm 
where SAR equals or increases by 50% of its 
maximum

Effective 
penetration 
deptha

EPD [mm] Tissue depth at which SAR decreases to 50% of its 
maximum

Temperature 
risea

TR [K] Increase of tissue temperature 6 min after start of 
exposure

Thermal 
effective 
penetration 
deptha

TEPD [mm] Tissue depth at which TR decreases to 50% of its 
maximum

Thermal 
effective field 
sizea

TEFS [cm2] Size of an area within the tissue at a depth of 1 cm 
where TR equals or increases by 50% of its maximum

Thermal 
steady statea

TSS [°C] Thermal state after achieving balance between heat 
input and heat loss by dissipation and thermoregulation 
(i.e., tissue temperature is approx. constant)

Cumulative 
thermal 
equivalent 
minutesa

CEM43 [min] CEM43 = ∫t R(43-T(t)) dt Thermal dose of treatment 
performed at temperature 
T expressed as cumulative 
equivalent minutes at 
43 °C

Cumulative 
thermal 
equivalent 
minutes at 
T90

a

CEM43T90 [min] CEM43 = ∫t R(43-T90(t)) dt Cumulative equivalent 
minutes at 43 °C for the 
temperature T90 during the 
treatment time

Thermal dose 
Tx

a

Tx [°C] Thermal dose expressed as tissue temperature 
exceeded by x% of temperature data measured during 
the treatment

Cool-down 
time

Δtd [min] Time to reach 36.73% (= 1/e) of maximum tissue 
temperature after finishing wIRA-exposure

a Note: This quantity depends on the wavelength of radiation and on the spectrum of the radiation 
source used.

Term Symbol Unit Definition and notes

1 Glossary Used in wIRA-Hyperthermia
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1.3  Occasionally Used, Obsolete, 
and Non-Recommended Terms

Table 1.6 Examples

Non- 
recommended or 
obsolete term Comment Recommended term
Brightness Defined to describe physiological perception of 

visible radiation (light). Not recommended 
term to characterize radiance of a source 
emitting ultraviolet or infrared radiation

Radiance

Extinction Obsolete term Absorbance
Fluency Incorrect term to quantify radiant energy 

received per unit area or by a target within the 
tissue

Per unit area: radiant 
exposure, irradiation, 
dose.
By a target: radiant 
fluence or radiant 
spherical exposure

Intensity Term used to describe radiant power, fluence 
rate, or irradiance. Not recommended for 
quantitative characterization

Radiant power

Irradiation 
intensity

Term used in a confuse way to characterize 
fluence rate or irradiance

Fluence rate or irradiance

Minimal heating 
dose (MHD)

Not existing as physical parameter due to 
non-applicability of the Bunsen–Roscoe law of 
reciprocity to tissue heating by infrared 
radiation or by further (convective or 
conductive) heat sources

Near-infrared 
light,
Infrared A light

Wrong and confusing terms Infrared-A radiation 
(IR-A)

Radiation 
strength

Not an official term Irradiance

VIS/wIRA
VIS/wIRA 
irradiator

Incorrect term for combined use of wIRA and 
of VIS emitted by a wIRA-irradiator

VIS and wIRA emitted by 
a wIRA-irradiator (with 
extended emission 
spectrum)

VIS/wIRA 
irradiance

Wrong and confusing term to characterize total 
irradiance of a wIRA-irradiator

Irradiance (VIS) and 
irradiance (IR-A)
(irradiances of both 
spectral ranges should be 
specified separately)

wIRAR Not an official term wIRA
wIRA irradiator Alternative term for specification of a device 

for irradiation of an object with wIRA
wIRA radiator

Note: A distinction between radiator/radiation and irradiation is proposed according to (1) 
O.W. Leibiger, I.F. Leibiger, Dictionary for Scientists (1964), Edwards Brothers, Ann Arbor MI, 
and (2) C. Morris (Ed.) Dictionary of Science and Technology (1992), Academic Press, San Diego, 
New York. wIRA radiator: device emitting water-filtered infrared A; irradiation: process by which 
an object is exposed to radiation.

H. Piazena et al.
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1.4  Empirical and Basic Data for wIRA Skin Exposures 
in Radiation Oncology and in Physical Therapy 
[8, 10–13]

1.4.1  Main Characteristics

Table 1.7 Performance of effective wIRA-hyperthermia (wIRA-HT) in the clinical setting

Parameter
Radiation 
oncology

Physical 
therapy Notes

Incident 
irradiance (IR-A)

Up to 
150 mW cm−2

≤150 mW cm−2 Related to emission within the spectral 
range of IR-A

Incident 
irradiance (VIS1)

– ≤50 mW cm−2 Related to emission within the range of 
590–780 nm (VIS1)a

Incident 
irradiance (total)

Up to 
200 mW cm−2

≤200 mW cm−2 Related to emission within VIS1 and 
IR-A (590–1400 nm). The use of this 
quantity is not recommended due to 
incorrect merging of irradiance of two 
spectral ranges with different efficacies 
regarding photochemical and thermal 
effects.

Diameter of the 
effective size of 
the irradiated area

16 cm 16 cm Using one normally oriented wIRA- 
irradiatora at a distance to skin surface of 
33 cm and for required homogeneity of 
g2 ≥ 0.9

40 cm 40 cm For using two parallel and normally 
oriented irradiatorsa at a distance to skin 
surface of 33 cm and for required 
homogeneity of g2 ≥ 0.9. Lateral distance 
between both irradiators = 23.5 cm

Treatment time 40–60 min ≤60 min Data presume short preheating times (up 
to 10–15 min) to reach therapeutically 
needed tissue temperatures. Times should 
be adequately prolonged if longer 
heating-up periods are needed (see 
Fig. 1.1).

Maximum skin 
surface 
temperature

43 °C ≤43 °C Tissue temperatures ≥43 °C for treatment 
times >60 min can lead to skin and 
subcutis toxicity.

Tissue 
temperature 
required for 
effective 
(adjuvant) HT of 
superficial cancers

39–43 °C

Tissue depth with 
HT ≥ 39 °C in 
superficial cancers

0–26 mm HT ≥ 39 °C needed to increase local 
perfusion, tissue oxygenation, and 
vascular permeability; stimulation of 
antitumor immune responses; triggering 
of abscopal immune responses (see 
Fig. 1.2)

(continued)
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Table 1.7 (continued)

Parameter
Radiation 
oncology

Physical 
therapy Notes

Tissue depth with 
HT ≥ 40 °C in 
superficial cancers

0–17 mm HT ≥ 40 °C is optimal for thermo- 
chemotherapy (with little additional 
increase of sensitization >42 °C).

Tissue depth with 
HT ≥ 41 °C in 
superficial cancers

0–8 mm HT ≥ 41 °C necessary to inhibit DNA 
repair (double-strand breaks) (Fig. 1.2)

Tissue depth with 
HT ≥ 43 °C in 
superficial cancers

Not reached HT ≥ 43 °C can lead to direct cytotoxic 
effects.

a Note: Data related to wIRA-irradiators of type Hydrosun 750 (Hydrosun Medizintechnik, 
Müllheim, Germany) equipped with a cut-off filter of type BTE 595 (BTE Elsoff, Germany).

H. Piazena et al.
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1.4.2  Heating-up Times Necessary to Reach Thermal 
Steady- State Temperatures During wIRA-Hyperthermia 
in Normal Tissues [13]
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Fig. 1.1 Mean values and 
standard deviations of 
heating-up times necessary 
to reach steady-state 
temperatures in the 
abdominal wall and lumbar 
region as a function of 
tissue depth. wIRA 
skin-exposure using an 
incident irradiance of 
135 mW cm−2 (IR-A) [13]
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1.4.3  Mean Steady-State Temperatures During 
wIRA- Hyperthermia in Normal Tissues and Human 
Cancers [11–13]
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Fig. 1.2 Mean steady-state tissue temperatures during wIRA-HT as a function of tissue depth. 
Irradiances used for heating of different human tissues: 110–135 mW cm−2. Data assessed in recur-
rent breast cancer (dots [11]), in various human tumors (triangles [12]), and in abdominal wall and 
lumbar region (squares [13]). Broken line: extrapolation of the best-fit line (solid). HT levels 
≥39 °C: local increase in perfusion, tissue oxygenation, and vascular permeability; stimulation of 
antitumor immune responses, and fostering of abscopal immune responses (local effects within 
tissue depths of 0 mm to approx. 26 mm, green border). HT levels ≥40 °C: optimal temperature 
levels for thermo-chemotherapy with little additional increase of sensitization >42 °C (within tis-
sue depths of 0 mm to about 17 mm, blue border). HT levels ≥41 °C: tissue temperatures necessary 
to inhibit DNA repair (double-strand breaks, within tissue depths of 0 mm to about 8 mm, red 
border). Tissue temperatures ≥43  °C for longer treatment times are mandatory for direct 
cytotoxicity

H. Piazena et al.



15

References

 1. Bureau International de Poids and Measures (BIPM). The International system of units (SI). 
8th ed. Paris: Organisation Intergouvernementale de la Convention du Métre, BIPM; 2006.

 2. Commission International de l’Eclairage (CIE). International lighting vocabulary. Vienna: 
CIE; 2007.

 3. Braslavsky SE. Glossary of terms used in photochemistry. Pure Appl Chem. 2007;79:293–465.
 4. Sliney DH. Radiometric quantities and units used in photobiology and photochemistry: rec-

ommendations of the commission Internationale de l’Eclairage (international commission on 
illumination). Photochem Photobiol. 2007;83:425–32.

 5. Jacques SL. Brief summary of the major points from a tutorial lecture. Ven: Graduate Summer 
School; 2003.

 6. Piazena H, Kelleher DK. Effects of infrared A irradiation on skin: discrepancies in published 
data highlight the need for an exact consideration of physical and photobiological laws and 
appropriate experimental settings. Photochem Photobiol. 2010;86:687–705.

 7. Venugupalan V. Tutorial on tissue optics. Optical Society of America BIOMED topical meet-
ing. Beckman laser institute. Irvine: University of California; 2004.

 8. Dobsicek Trefna H, Creeze H, Schmidt M, et al. Quality assurance guidelines for superficial 
hyperthermia clinical trials: I Clinical requirements. Int J Hyperthermia. 2017;33:471–82.

 9. Dobsicek Trefna H, Crezee J, Schmidt M, et  al. Quality assurance guidelines for superfi-
cial hyperthermia clinical trials: II. Technical requirements for heating devices. Strahlenther 
Onkol. 2017;193:351–66.

 10. Vaupel P, Piazena H, Müller W, Notter M. Biophysical and photobiological basics of water- 
filtered infrared- A hyperthermia of superficial tumors. Int J Hyperthermia. 2019;35(1):26–36.

 11. Notter M, Piazena H, Vaupel P. Hypofractionated re-irradiation of large-sized recurrent breast 
cancer with thermography-controlled, contact-free water-filtered infrared-A hyperthermia: a 
retrospective study of 73 patients. Int J Hyperthermia. 2016;33:471–82.

 12. Seegenschmiedt MH, Klautke G, Walther E, et  al. Water-filtered infrared-A- hyperthermia 
combined with radiotherapy for advanced and recurrent tumours. Strahlenther Onkol. 
1996;172:475–84.

 13. Thomsen AR, Saalmann MR, Nicolay NH, et al. Temperature profiles and oxygenation status 
in human skin and subcutis upon thermography-controlled wIRA-hyperthermia. (see Chapter 
5, this book).

Open Access This chapter is licensed under the terms of the Creative Commons Attribution 4.0 
International License (http://creativecommons.org/licenses/by/4.0/), which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate 
credit to the original author(s) and the source, provide a link to the Creative Commons license and 
indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's Creative 
Commons license, unless indicated otherwise in a credit line to the material. If material is not 
included in the chapter's Creative Commons license and your intended use is not permitted by 
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder.

1 Glossary Used in wIRA-Hyperthermia

http://creativecommons.org/licenses/by/4.0/

	1: Glossary Used in wIRA-Hyperthermia
	1.1	 Introduction
	1.2	 Recommended Terms
	1.3	 Occasionally Used, Obsolete, and Non-Recommended Terms
	1.4	 Empirical and Basic Data for wIRA Skin Exposures in Radiation Oncology and in Physical Therapy [8, 10–13]
	1.4.1	 Main Characteristics
	1.4.2	 Heating-up Times Necessary to Reach Thermal Steady-State Temperatures During wIRA-Hyperthermia in Normal Tissues [13]
	1.4.3	 Mean Steady-State Temperatures During wIRA-Hyperthermia in Normal Tissues and Human Cancers [11–13]

	References




