




MSB 100:   	BASICS OF BIOMEDICAL SCIENCES (4 UNITS) 
 Purpose
To orient the learners on the application of the basic sciences in medicine and health care 
Objectives
1. Describe the basic chemistry of the constituents of the body 
2. Describe the physical and chemical properties of organic molecules
3. Outline the basic principles of physics as applied in medicine.
4. Describe the biology of micro-organisms and parasites of medical importance.
5. Describe the structure and function of basic biomolecules.
 

Outcomes

1. Explain the basic chemistry of the constituents of the body 
2. Discuss the use of organic compounds in medicine
3. Discuss the basic principles of physics as applied in medicine.
4. Demonstrate knowledge of the  biology of micro-organisms and parasites of medical importance.
5. Explain the structure and function of basic biomolecules.
Content:
Basic Chemistry: Physical Chemistry: Water, solutions and colloids; Ion producing substances; water, acids, bases and salts; Acidity: detection, control, and measurement; Kinetic theory and chemical reactions; electrovalent bond formation. Concept of oxidation and reduction processes. Osmotic pressure.
Organic chemistry: Newman projection, Fischer projections, Haworth projection, stereo projection. Electrophiles, nucleophiles and their reactions. Nomenclature, structures, physical and chemical properties and reactions of alkanes, alkyl halides, alkanes, alkynes, alcohols, aldehydes and ketones, ethers, esters. Covalent bond formation. Hydrogen, dative, hydrophilic and hydrophobic bonds.  Carboxylic acids and amines.  Aldol condensation and claisen reaction.
Physics: Structure and properties of atoms and molecules. Causes and properties of motion. Sound waves; characteristics, measurement. Electricity and magnetism. Electromagnetic spectrum.  Radioactivity. Radioisotopes.  
Microbiology/Parasitology: Scope of microbiology and Historical concepts. Structure, Taxonomy, characteristics of protozoa, nematoda, cestoda, trematoda, fungi, viruses, bacteria of medical importance. Laboratory standards, safety and procedures, and microscopic examination of micro-organisms.
Basic biomolecules: Classification, structures and functions of amino acids, lipids, carbohydrates, proteins. Basic enzymology; enzyme classification, catalysis, inhibition, kinetics and enzyme activity. Factors affecting enzyme activity and enzyme regulation. Classification of vitamins, structures and functions. Role of trace elements. Biochemical methods: Subcellular fractionation. Separative procedures; salt fractionation, chromatography, gel filtration and electrophoresis.




Recommended Books

1.Medical Physics, Lectures in General Physics for Medical Sciences Students
  Hasan Maridi

2.A Text-book of medical physics
  John Christopher Draper

3.Physics in Medicine
  University of Notre Dame

4.Introduction to Medical Physics
  Marco Silari 

5.Medical Imaging, a modern approach
 Onditi Elias & Patrick Euppa



















                                                                                                                                                                        











Medical Physics Schedule for Overview Lectures.


	Day
	Date
	9:00 to 10:30am
	Health Break
	11:00am to 12:30pm
	Health Break
	2:30pm to4:00pm

	Monday
	20 Jan 25
	 Matter & Energy
	
	SDL
	
	Electromagnetic waves

	Tuesday
	21 Jan 25
	 X-rays
	
	SDL
	
	 Sound

	Wednesday
	22 Jan 25
	Radioactivity 
	
	SDL 
	
	SDL 

	Thursday
	23 Jan 25
	 SDL
	
	SDL
	
	SDL

	Friday
	24 Jan 22
	 SDL
	
	SDL
	
	SDL


                                                                                                                                                                           
























                                Introduction to Medical Physics

1. Matter and Energy

	The Universe encompasses everything in the heavens.  The stars, planets, other objects and empty space are its constituents. Stars cluster together in galaxies.  The Milky Way Galaxy is where we reside.  A smaller unit the Solar system is made up of the sun and 10 planets.

	Everything in the Universe is made up of matter and energy.  Matter is made up of particles called atoms and molecules.  Atoms are particles of elements.  There are about 109 known elements.  Atoms of different elements can combine to form compounds.  For example water is made up of H2O. 
 (i.e two atoms of hydrogen and one atom of oxygen to form one molecule of water).

	There are 3 fundamental states of matter; solid, liquid and gas.  Ice is the solid form of water. Its molecules are in motion but limited.  When ice is heated, the molecules motion increase and the molecules partially separate and we have liquid state.  When liquid water is heated further it reaches boiling point and molecules motion is very rapid and they move out in the form of gas state or steam for water.
  
	It is the energy levels in the molecules that decides which state matter will manifest itself.

	Energy is the ability to cause change or do work.  Some forms of energy include light, heat, electrical energy and mechanical energy, such as movement.  There are two main forms of energy: potential and kinetic.

	Potential energy is energy that is stored, while kinetic energy is energy in use.

Atomic structure

	Atoms are made up of protons, neutrons and electrons.  Protons are heavy in mass and are positively charged.  Neutrons are heavy in mass and have no charge.  Electrons are very light in mass and have a negative charge.

	The simplest atom is hydrogen (H) and it consists of one proton and one electron. Helium (He) consists of two protons, two neutrons and two electrons.
	The nucleus of an atom contains protons and neutrons. The electron(s) are in motion orbiting the nucleus.

	The number of protons in an atom is called (Z), atomic number.
	The total number of protons and neutrons is called (A), mass number.

	Atoms can lose or gain electrons. A loss of an electron leads to a positively electrically charged atom e.g.	H		H+ and vice versa
					H		H-
	An atom that carries an electrical charge is called an ion.
  
	Neither the number of protons nor neutrons changes in any of these ions, therefore both the atoms number and the atomic mass remain the same.

	Two atoms with different numbers of neutrons are called isotopes
	Hydrogen has the following isotopes:

	Hydrogen		Deuterium		Tritium
	Z=1			Z=1			Z=1
	A-1			A=2			A=3
(One proton)		    One proton		One proton
		                 one neutron	             two neutrons

	Atoms of the various elements can be arranged according to their atomic number and chemical properties. 

	This constitutes the Periodic Table of Elements first decribed by Dmitri Mendeleev in 1871.

	2H2	+	O2     ———›	2H2O 

	Two molecules of hydrogen react with one molecule of oxygen to form two molecules of water.

	One mole is equal to 6.02 x 1023 also called Avogadro’s number.
	One mole of hydrogen atoms (6.02 x 1023 atoms) weighs 1g.
	One mole of water contains one mole of oxygen atoms and two moles of hydrogen atoms i.e. H2O.

	2 moles H		1g x 2	= 2g
	1 mole   O		16g
	
One mole of water weighs 18 grams

Binding Energy

	The mass of the nucleus is less than the mass of protons and mass of neutrons in an atom.  This is because there’s a strong nuclear force binding neutrons and protons in the nucleus.  This energy must be inputted to separate them.  This is called binding energy.

	Einstein’s equation E=mc2 demonstrates the relationship between matter and energy, and the two are interchangeable.

Fusion

	When light nuclei are brought together to form a heavier nucleus (fusion process), energy is released.


	2H  +  3H 		        4He  +  1n   +  energy (17.6 MeV)
	1           1                               2            0


Fission

	When a heavy nucleus is split into two medium sized nuclei, energy is released.

235U  +  1n        	236U                     92Kr    +  141Ba  +  21n  + 200 MeV
  92          0                      92                          36             56             0

The neutrons produced have kinetic energy and can in turn produce new fissions i.e. start a chain reaction.

Enrico Fermi demonstrated the first reactor chain reaction in 1942.  It is clear that chain reaction must be controlled or it will lead to an explosion.  The atomic bomb was a reality in 1945.

	The first nuclear reactor producing energy was started in 1954 in Obninsk, Russia.

	In the nuclear reactor some neutrons are absorbed in the uranium isotope 238U to form Uranium isotope 239 which undergoes two beta decays to form Plutonium 239Pu.  This can be used as a weapon material and therefore, must be under strict control.  Plutonium 239Pu is a fuel for new types of reactors, like breeder reactors.  It can be reused in the existing reactors.




















II Electromagnetic Waves

	Radiation is the propagation of energy through space or matter.  Electromagnetic (EM) radiation consists of propagation of energy through space as a combination of an electric field and a magnetic field, both of which vary in magnitude as a function of time and space i.e. are rapidly fluctuating.

	Electromagnetic waves exhibit both the wave and photon theories manifestations.

Common  Properties and Characteristics

· Same velocity v = ƒλ = 3 x 108m/s
· They are transverse waves
· Travel in straight lines in space
· In passing through matter, they undergo attenuation
· Obey the inverse square law in space
· 
i.e  	    I α 	I /d2		I = Intensity
				d = distance



Em spectrum

	The spectrum covers a very broad range of frequencies and wavelength.    The shorter the wavelength, the higher the frequency and energy of the EM wave.

	The properties of EM waves differ according to their quantity of energy.  EM waves whose frequency is higher than 1015Hz have an energy sufficient to break chemical bonds and ionize molecules.  These are called ionizing radiations.  They include cosmic rays, gamma rays and x-rays.  EM waves with frequency lower than 1015 Hz are called non-ionising radiations.  They include UV radiations, visible light, radio-waves and low and extremely low frequencies.
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Fig: 2  Electromagnetic Spectrum




Applications in Medicine

1.	X-rays		-	Medical Imaging, Diagnosis & Treatment
2.	γ-rays		-	Medical treatment, Sterilization of Equipment
3.	Radio-waves	-	Diagnosis in MRI
				Communication
4.	Microwaves	-	Communication, Oven heating, treatment
5.	Ultraviolet	-	Phototherapy
			-	Sterilization of Instruments
6.	Infra-red	-	Heat treatment
7.	Light		-	Lighting

 



III	Sound

	This is a mechanical vibrational energy which is propagated longitudinally through a medium by a compression and rarefaction of molecules.  This sound is a longitudinal wave.

	The human ear detects sound of frequency 15Hz to 20,000Hz
	<15Hertz is infrasound      		inaudible
	>20,000 Hertz is ultrasound

However, 

             Dogs can detect frequencies           50Hz to 45Hz
             Cats     “       ‘                       “		45Hz to 85kHz
             Bats    “      “                      “       as high as 120kHz
             Dolphins      “                     “      as high as 200kHz
             Elephants can detect infrasound and can detect 5Hz to 10 kHz.


	The threshold of hearing is assigned a sound level of O decibels, this corresponds to an intensity of 1 x 10-12 Watts/m2.  A sound 10 times more intense is 1 x 10-11 Watts/m2 is assigned 10 decibels.(dB)

	Type					dB
Threshold of hearing			0
Rustling of leaves				10
Whisper					20
Normal speech				60
Busy street Traffic				70
Vacuum cleaner				80
Average factory				90
Large orchestra				98
Threshold of pain				130
Military Jet takeoff				140
Instant perforation of eardrum		160

Properties and Characteristics of Sound

· Transmitted only through media
· Its velocity varies with media 
Air 	330m/s
Soft tissue 1,540 m/s
Bone  4,800m/s
· Can be reflected, refracted and diffracted
· Can be absorbed by media
· Acoustic impedance (resistance) determines echo size.
-	fat/muscle interface		1%
-	bone/muscle interface	40%
-	air/soft tissue		90%
· Increase in temperature increases velocity of sound.
The velocity of sound waves is mathematically related to frequency and wavelength as follows;

	Velocity  =  	frequency x wavelength
	   V           = 	ƒλ



Doppler Effect

	The Doppler effect is a phenomenon observed whenever the source of sound waves is moving with respect to the observer.

	When an emergency ambulance siren is on at xHz and is approaching an observer, the observer will hear x + y Hz sound.  At it catches up with the observer, the observer will hear xHz.  When the ambulance passes the observer, the observer will start hearing x - y Hz.

	There is an apparent upward shift in frequency for observers towards whom the source is approaching and an apparent downward shift in frequency for observers from whom the source is receding.

Production of Ultrasound
	
	Certain crystals have a peculiar property.  When compressed or stretched
They produce electrical charges.  This phenonmenon is called piezo-electric effect.  Crystals with this property include quartz, tourmaline, lead titanate and zirconate.

[image: ]


Fig: 1   The Piezo-electric Effect


If an alternating charge is applied to the above crystals, they vibrate thus producing sound.  Therefore ultrasound is generated by the reverse piezo-electric effect.
	There are various modalities of ultrasound types;

                                         	A mode
			            B mode
				M mode
				Doppler mode

The crystal-electrode arrangement constitutes a transducer probe.  This is connected to the cathode-ray oscilloscope (CRO) image display monitor.  The transducer generates ultrasound and also receives echoes and displays them on the CRO image monitor.

Application in Health/Medicine

Ultrasound is used to;
· Evaluate the heart and blood vessels
· Evaluate the brain
· Evaluate pregnancy
· Evaluate abdominal organs
· Evaluate thyroid, eyes, scrotum etc.
· Treatment

IV X-rays

	Wilhelm Conrad Rontgen discovered x-rays in 8th November 1895 whilst experimenting with the passage of electricity through an evacuated glass tube with gas at very low pressure.

	When an electric discharge at high voltage was passed through the tube, in a dark room he noticed a glow on a piece of glass, covered with zinc sulphide, which was lying nearby.  The glow persisted even when the discharge tube was covered in black paper.  Thus Rontgen established that the cause was a hitherto unknown radiation.  He named it x-rays.  (Unknown rays)

Production of  X-rays
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Fig:3  Production of X-rays
	There are two sets of circuits 1) a low voltage, high current  2) a high kilovoltage.

	An electrically heated filament of tungsten frees electrons by thermionic emission (1st circuit).

	If a high voltage is applied between the electrodes so that the filament is the cathode (-ve) and the target is the anode (+ve), the electrons from the filament will be attracted towards the target at a velocity and with kinetic energy.  On reaching the target the electrons are decelerated releasing their kinetic energy into other energy forms i.e. x-rays (0.5%) and heat (99%).

Factors influencing X-ray production

1) mA; the current in low voltage circuit
2) kV; potential (voltage) difference in second circuit
3) target material; commonly Tungsten with melting point of 3,400oC

The principles of control of x-rays is based on the following:

a) Increase in  filament temperature leads to increase in  electrons
b) X-ray output is directly proportional to tube current (mA)
c) X-ray output is directly proportional to exposure time (s)
d) Efficiency of x-ray production is 0.5%, with 99% heat production
e) Increase in  kV leads to increase in penetrating power of the x-rays produced.
f) Soft x-rays 20 – 40 kVp (mammography)
g) Hard x-rays  >40 – 120 kVP (skull, chest radiography)

X-ray spectrum

1.	Continuous (Bremstrahlung) phenonmenon.
An accelerating or decelerating charged particle emits electromagnetic radiation.  This accounts for 85-90% of x-rays produced
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Fig: 4  Continuous X-rays

2. Characteristic 10 – 15%


[image: ]



Fig: 5  Characteristic X-rays 

The displacement of a K shell electron leads to re-alignment of the atom, whereby a new electron replaces the displaced one, leading to x-ray production with energy levels characteristic to the target element Z, number and shell involved.
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Fig: 6  Types of X-rays Produced

Some properties of X-rays

1.	High penetrating power
2.	Ionising radiation
3.	Affect photographic film
4.	Have biological effects:
	a) can damage tissues
	b) Can cause hereditary disorders
	c) Can cause radiation disorders
5.	Cause fluorescence
	The above named properties are applied in health care as follows:

Applications in Medicine

1.	Diagnosis
      a) using still images (radiography)
	b) using moving real time images (fluoroscopy)
2.	CT scanning
3.	Treatment
	-  Cancer and other diseases



























V.  Radioactivity

	Some atoms have unstable nuclei which undergo spontaneous disintegration to achieve a more stable nucleus, in the process shedding off radiation.  This phenomenon is called radio-activity and was discovered by Henri Becquerel in 1896 (by their photographic effect).

	He was experimenting with a Uranium compound.

	In 1898 Pierre and Marie Curie discovered a Uranium ore called pitchblende contained a radioactive element that they named “Polonium”.  In the same year, they also discovered Radium which is radioactive.

	Since these discoveries, many other radioactive elements have been discovered or produced.

	Radionuclides decay exponentially.

[image: ]


Fig: 7  The Exponential Decay Curve

1 Bequerel (Bq)  = 1 disintegration per second

At  =  No e-λt

Nt =  No e-λt

A  =   λN

λ =  disintegration constant
All radionuclides decay at a rate that is characteristic to it.  The rate of decay is a fixed rate called a half-life.  The half-life of a radioisotope describes how long it takes for half of the atoms in a given mass to decay.

	The basic unit of measure for describing the activity of a quantity of radioactive material is the curie.

	1 curie (1C)   =   3.7  x 1010Bq

	Radioisotope		Half-life

	215Polonium		            0.0018 seconds
	212Bismuth		            60.5 seconds
	24Sodium			15 hours
	131Iodine			8.07 days
	60Cobalt			5.7 years
	226Radium                            1600 years
	238Uranium		            4.5 billion years
	121Iodine			60 days
	99mTechnicium		6 hours
	14Carbon			5,730 years

14Carbon  dating

	The ratio of 12Carbon to 14Carbon in the air and in all living things is constant.  Both 12carbon and 13carbon are stable, but 14carbon decays by beta decay to 14nitrogen with a half-life of approximately 5,730 years.  After the organism dies, it stops taking in new carbon. 

At the  moment of death,  the amount of 14carbon begins to decrease because it is radioactive, while the amount of 12carbon remains constant in the sample.
	By measuring the ratio of 12carbon to 14carbon in the sample and comparing it to the ratio in a living organism, it is possible to determine the age of a fossil, up to 40,000 years.





Radioactive Emissions

Alpha-Particle 

Emission occurs in nuclides of high Z values


      2n  +   2p                  α   =    4He++
                                                     2

e.g.  210Po             206Pb    +    4He++
         84                   82                2

Polonium           Lead           Helium  ( α particle )

· Alpha particles are heavy and positively charged.
· They leave heavy ionization tracks through their path
· Have very short rang
· Useless in clinical application
· Can cause very severe injuries to superficial tissues e.g skin burns

Beta Particles

	Similar to electron, except some are positively and others are negatively charged.
	This result from too many neutrons leading to instability

   1n           1p   +   0β  (negatron)   β negative
    0           +1          -1

e.g.     32P              32S   +   0β
           15                  16           -1

Phosphorus    Sulphur   Negatron


Too few neutrons can also lead to instability;

1P                 1n  +  0β (positron)  β positive
+1                  0        +1

e.g.   22Na             22Ne  +    0β  ( followed by positron annihilation )
          11                      10              +1

  Sodium             Neon     Positron



· β-particles are much lighter, smaller charge – 1
· Travel longer distances through matter 
· Less radio-toxic
· Not readily stopped
· Clinically applied (when radiotherapy is needed in limited areas, superficial therapy

Gamma decay

· This follows α or β disintegration
· Results in extra energy being shed off when nuclear configuration is already stable

60Co           60Ni*                  +               0β                   60Ni  +    γ
 27                28                                          -1                     28

Cobalt    Nickel(excited state)         Negatron    Nickel     Gamma rays

· Electromagnetic radiation, no rest mass, uncharged
· Exist in flight
· Very penetrating, because they are uncharged particles
· Similar in many ways to x-rays except in origin
· High energy waves
· Cause biological effects
· Cause ionizing  indirectly; used for deep radiotherapy

Nuclear Reactor

	This is a plant that controls fission reactions producing new elements from the fission product and energy.

	Uranium exists in nature as follows:
	238U	99.2%
	235U	0.7%
	233U	tracer quantities

238U captures fast neutrons to form 239U 
235U undergoes fission by slow neutrons
 
	Uranium rods are surrounded by Graphite, or heavy water to slow down neutrons.  Thus uranium is the fuel for the reactor plant.  The control rods are Boron, or Cadmium (they absorb neutrons).  This assembly is surrounded by a thick concrete barrier for safety of workers.

	When the control rods are maximally dipped into the plant, all slow neutrons are absorbed.  This is the sub-critical state.

	When the control rods are withdrawn just enough, slow neutrons cause 235U to undergo fission:


235U     +         1n                     137Cs   +   97Rb     +      21n       +     Energy
  92                    0                      55              37                     0

Uranium     Neutron   Caesium   Rubidium  Neutrons    Kinetic  Energy



	Thus heat is produced from the kinetic energy of the new neutrons produced.  These are slowed down by Graphite and similar fissions take place.  The heat is harnessed to boil water, and the resultant steam is used to turn turbines which thereby generate electricity.

	The nuclear plant is in a critical state when generating power.

	If the control rods were to be excessively withdrawn from the plant, then more neutrons generated from fission will increase in number and a chain reaction would result into a super-critical state i.e an explosion.

Uses of Reactor

1.	Generation of energy
2.	Production of radio-nuclides
· Some radio-isotopes are used medically to study/treat various organs in the body;

e.g 	131Iodine		-	Thyroid
	67Gallium		-	Bone
	113mIndium		-           Liver
	99mTechnicium	-	Brain
	75Selenium  		-           Pancreas

Interaction  of Radiation with Matter

	When radiation passes through matter, the primary beam undergoes the following;
	a)	Scattering
		-	Change of direction
	b)	Absorption
		-	Decrease in beam energy
	c)	Attenuation
		-	removal of the primary rays from the beam

	All these three phenonmena will vary with atomic number of the element(s) interacted with.  The heavier the element, the more scattering, absorption and attenuation there will be.

Radiography and Film Processing


[image: ]
Fig:8  How Images are taken

	The radiation source emits x-rays, which penetrate the object and cassette, to reach the light insulated film.

	A latent image is formed on the film.  The image on the film is dependent upon how much of the radiation makes it through the object and to the film.  Some materials like bone absorb more of the radiation than do materials like soft tissues.  The amount of material and time also affects how much radiation reach the film.  Differences in the type of material and the amount of material that
 x-rays must penetrate are responsible for the details in the image.

X-ray Film Processing

	The x-ray film is made of cellulose tri-acetate base which is coated on both sides by emulsions of silver bromide crystals bound together by gelatin.
[image: ]

Fig : 9  The X-ray Film Detail
	After exposure of the film by x-rays that have passed through an object, a latent image is formed on the film.  This is invisible.  To render it visible the film must undergo chemical processing,  in a processing room under safe light (Red light).
	The various stages are; 

					Manual (22oC)	Automatic (34oC)
	1.	Development		3 to 5 min		1. Development
	2.	Washing		2 min		23 to	2. Fixation	
	3.	Fixation		5 		30 min	3. Washing	        90s
	4.	Washing		3 min			4. Drying
	5.	Drying		10 – 15 min                                              

In development the silver bromide crystals that have the latent image are reduced to black silver specks.  The unaffected silver bromide crystals are not affected and remain brownish in colour.

	Washing the film removes the developer solution.
In fixation, the unaffected silver bromide crystals are dissolved away, leaving only the image.

	Washing the film thoroughly removes the fixer solution.
	Drying the film is the final step.
	The film is then displayed on an illuminated viewer for interpretation.

[image: ]


Fig: 10  Automatic Film Processor

Digital Image Processing

	In this type of imaging, the x-ray image is captured and stored on an electronic plate in a form of digital image.  This image can be read by a computer and manipulated to the taste of the radiographer.  The desired image is displayed on a computer monitor and can be printed digitally on photographic film.

	The digital image quality can be improved by manipulation.  It can be displayed in many formats and can be transmitted digitally to other departments in the hospital and to other hospitals (teleradiology).
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