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Heat & Cold in Medicine
Heat and cold have been used for medical purpose for several thousand years. Heat: It
is the energy transferred from the hot object to the cold object causing to raise the temp
of cold object.
If we want to describe temperature as a physical phenomenon, we should try to
understand it on a molecular scale.





Matter is composed of molecules that are in continuous motion.
Molecules motion means that they have kinetic energy
Kinetic energy is related to the temperature.
K.E increase when temperature increase

Cold material

Hot material
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Temperature scales:
Reference points on the three common scales:
1- Fahrenheit (○ F) scale: water freezes at 32 F and boils at 212 F. the normal body
temperature =98.6 F.
2- Celsius (○ c) scale: water freezes at 0 C and boils at 100 C. the normal body
temperature =37 C.
3- Kelvin (○ k) scale (Absolut scale): water freezes at 273.15 K and boils at
373.15K. The normal body temperature =310K. This scale is not use in medicine.
The relationship between different temperatures scales are:
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Example 1: In a hot room, person skin temperature is about 35 C, find his skin
temperature on kelvin and Fahrenheit scale?

Example 2: A pan of water is heated from 30 C to boiling point.
What is the change in its temperature on the kelvin and Fahrenheit scale?

H.W: what is the normal body temperature on kelvin and Fahrenheit scale?
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1- The amount of recent physical activity.
2- The temperature of the environment.
3- The health of the individual.
4- The extent of insulation of body heat by clothes.

Temperature measurement
A number of temperature sensitive devices used in medicine to measure T.

1-

:
 It composed of glass capillary tube ends with a bulb (a store of liquid), the liquid
can be mercury or alcohol
 The change in temperature ∆T ∞ the change in volume ∆V.
 To increase the sensitivity of fever thermometer it’s used a very small diameter
of the capillary tube.
 To increase the visibility of the thermometer
A- The glass acts as a magnifying glass.
B- Use an opaque white backing.
In most Fever thermometer they use mercury because
A- The volume expansion ∆V with temperature ∆T is very small.
B- It’s clear color
C- It has a small adhesion force with the wall of the glass
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It’s a special resistor that changes its resistance rapidly with temp (o 5%C)
* The principle behind this thermistor is that a temperature change causes the thermistor
resistance to change. The voltage at each end of the meter are equal when temperature
change Couse the thermistor (T) resistance to change and current flows through the
meter.

The thermistor advantage:
a- Very sensitive, it’s easy to measure temperature change of (0.01C).
b- Small mass
c- Breathing rate temp. Measurement ( pneumograph).
Pneumograph: it’s a Thermistors are occasionally placed in nose to monitor the breathing
rate of patients by showing the temperature change between inspired cool air and expired
warm air
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• A thermocouple consists of two junctions of two different metals. If the two junctions
are at different temperature, a voltage is produce that depend on the temperature
difference.

Schematic diagram of a thermocouple.

 Because it has a sharp end then it can measure the temp of “individual cell”
 Measuring the temp from “-190 to 300 C.

 It’s mapping the body’s temperature by Thermograms and thermographic
camera.
 Measuring the body surface temperature indicates that the surface temperature
varies from point to point depending on:
a. External physical factors.
b. Circulatory process near the skin.
c. Blood flow near the skin.
 Thermography is the process in which the infrared radiation emitted by the body
is used to produce a thermal image or temperature map of the surface of the
body. The images are called Thermograms and are normally displayed on a TV
screen.
 Different temperatures are represented by different colors or, in a black and white
display, by different shades of gray.
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Thermogram.it is safest and a simple routine method of obtaining a surface
temperature, it was found that most breast cancer could be characterized by an elevated
skin temperature in the region the cancer, The surface temperature above tumor was
typically about 1C higher than that above nearby normal tissue.
It is used to
1- Detect many type of cancer especially breast cancer.
2- Study the circulation of the blood in the head.
3-Study the blood in the diabetic’s leg.

One method to obtaining a thermogram is to measure the radiation emitted from the
body. In the infrared (IR) region.
The basic equation describing the radiation emitted by a body was given by Max Plank
for our purposes the Stefan-Boltizman law for total radiative power per surface area W
is more useful, it is

W = e σ𝑇 4
W; is total radiative power per surface area
T; is absolute temperature
E; is the emissivity =1 for radiation from the body
σ; is the Stefan Boltizman constant= 5.7x10-12W/cm2.K4
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Example
A person of skin temp. of 36 C and body surface area 1.75m2 .
find
1. net total power if he receives radioactive power from the surrounding walls 20Co
would be about 735w. (σ = 5.7 * 10−12 w/𝑐𝑚2
2. The emissivity of surrounding walls.

Solution
T=36Cº+273=309 ºK
𝑇 4 w=e
=1*(5.7*10−12 )*(309) 4 =0.052 w / cm2
Total power (w)={Total radiative power per surface area}*surface area
= 0.052 (w/𝑐𝑚2 ) * 1.75*104 (𝑐𝑚2 )
= 910 w
net power =910 - 735 = 175w

2- T= 20 + 273 = 293K
Heat from the wall = 735= [e* 5.7*10-12 *(293)4 ] * ( 1.75104 )
e = 735 / (735.163) = 0.998
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Heat therapy
Heat has two primary therapeutic effects:
1- Increase in metabolism resulting in relaxation of the blood capillaries
(vasodilation).
2- Increase in blood supply to cool down the heated area.

 Methods of producing heat in the body:

Heat will transfer by conduction from the warmer object to the cooler one. The total
heat transferred will depend on
A- The area of contact.
B- The temperature difference.
C- The time of contact.
D- The thermal conductivity of the material.
Conductive heating used in treating conditions such as
 Arthritis
التهاب المفاصل
 Neuritis
التهاب االعصاب
 Sprains
التواء المفاصل
 Strain
االعياء
 Contusions
الكدمات
 Sinusitis
التهاب الجيوب
 Back pain.
االم الظهر

The heat can be transferred to the body by radiation. It is used for surface heating of the
body .This is the same heat. We feel from the sun and flame.
 The IR wave length used is between (800- 4000nm).
 These waves penetrate the skin about (3mm) & increase the surface temp.
 This type of heating is used to treat the same conditions of conductive heating.
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 Excessive exposure causes reddening and sometimes swelling. This method is
more effective because the heat penetrates deeper.
Heat from diathermy penetrates deeper into the body than radiant and conductive heat,
so it is useful for internal heating and has been used in the treatment of inflammation of
the Skelton. Different methods are used for transferring the electromagnetic energy into
the body.
Different methods are used for transferring the electromagnetic energy into the
body:

Short wave diathermy utilized electromagnetic wave in radio range (=10m) the part
of the body to be treated is placed between two plates (electrodes) connected with
high frequency power supply. The heat from diathermy is useful for internal heating
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It is a form of electromagnetic energy. It is easy to apply than short wave diathermy.
Microwave are produced in a special tube called (Magnetron)

This method are no longer be used since 1950 because some patients were sensitive to
get electricity.

4These waves are different from electromagnetic waves. It produces mechanical
vibration inside tissue. It is the same as the sound waves but it has much higher
frequencies about 1MHz with power of several watts per centimeter. It can move the
tissue particles backward and forward with high frequency, in doing so it can increase
the kinetic energy consequently it heats the tissue.
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