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   10.6 Radionuclide Imaging & 
Therapy



10.6.1 Radioactive Tracers

Radioactive Tracers

A radio active tracer is defined as:

A radio active substance that can be abso rbed by tissue in o rder to  study the

structure and f unctio n o f  o rgans in the bo dy

Gamma emitters make go o d radio active tracers, as the gamma can leave the bo dy and do esn't

io nise tissues as much as alpha o r beta radiatio n

To  be suitable fo r medicine, the radio active iso to pe must be able to  be bo nded to  mo lecules

A mo lecule labelled with a radio active iso to pe is kno wn as a radio pharmaceutical pro duct

To  be a go o d tracer, this mo lecule must no t affect the bo dy's regular functio n, but gather in

tissues

Different mo lecules can be used to  make the tracer accumulate in specific o rgans o r tissues

Three co mmo n radio active tracers which emit gamma radiatio n are:

Technetium-99m (the m refers to  a metastable excited state o f the nucleus)

Io dine-131

Indium-111

The radio active tracer is injected o r swallo wed into  the patient and flo ws aro und the bo dy

Once the tissues and o rgans have abso rbed the tracer, then they appear o n the screen o f a

gamma camera as a bright area

Using tracer-labelled gluco se, fo r example, highlights areas o f higher respiratio n (e.g.

tumo urs) which use mo re gluco se

Labelling white blo o d cells can sho w the lo catio n o f an infectio n in the bo dy

Labelling red blo o d cells can highlight areas with decreased blo o d supply (e.g. regio ns in the

brain, fo r a diagno sis o f Alz heimer's disease)

Imaging Respirat ion using Radioact ive Tracers
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Tracers can show areas of increased respiration, if bonded to glucose.

Worked example

Discuss the advantages o f using a gamma-emitting tracer in a patient rather than a beta-emitting

tracer.

Answer:

Step 1: Co nsider the pro perties o f  gamma and beta particles

Gamma particles are no t (very) io nising and have a lo ng range

Beta particles are very io nising and have a sho rt range

Step 2: Co mpare the effects o f  the gamma and beta particles in relatio n to  detectio n

Gamma radiatio n will pass thro ugh the patient and hence can be easily detected

Beta particles will be abso rbed by the patient and hence canno t be detected

Step 3: Co mpare the effects o f  the gamma and beta particles in relatio n to  patient saf ety

Gamma radiatio n is no t very io nising, hence, it do es little damage to  cells

Beta particles is highly io nising, hence, it can cause a lo t o f damage to  cells
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Properties of Radioactive Tracers

Each radio active tracer has a unique set o f pro perties, making them ideal fo r different medical

uses

The main pro perties o f radio active tracers are: 

The types o f  radiatio n it emits

The half -lif e  o f the iso to pe

The energy o f the gamma radiatio n it emits

Any tissues o r o rgans  it has a specific affinity fo r

Whether it can be used to  label specific cells and co mpo unds

Technetium-99m

This is the mo st co mmo nly used radio iso to pe fo r diagno sis

Tc-99m decays to  Tc-99

The 'm' indicates the nucleus is in an excited, but so mewhat stable, state (metastable)

A gamma pho to n with 140 keV o f energy is emitted in this decay

The half-life is 6.0 ho urs

This is sho rt eno ugh to  avo id pro lo nged irradiatio n o f the bo dy

The chemical pro perties o f Tc-99m allo w it to  be bo nded to  many mo lecules which have specific

affinities fo r different o rgans and tissues

This means it can be used to  study:

The skeleto n

The flo w o f blo o d

The heart

The brain

The thyro id

Tumo urs 

Iodine-131

Unlike Tc-99m, I-131 emits bo th beta-minus particles and gamma pho to ns when decaying

The gamma pho to ns have energies o f 360 keV, whereas the beta minus particles have

energies o f keV

The half-life o f this decay is 8.0 days

Io dine can bo nd to  thyro id ho rmo nes, so  it is the mo st co mmo nly used tracer fo r thyro id

activity

I-131's beta emissio n can be used to  destro y parts o f an o veractive thyro id o r kill remaining

thyro id cells after a thyro id gland is remo ved (usually because it co ntains cancero us cells)

In recent years, I-131 as a thyro id tracer has been replaced with I-132, as it do esn't emit beta and

has a sho rter half-life

Indium-111

In-111 emits gamma pho to ns at energies o f 170 keV and 250 keV

The half-life o f this decay is 68 ho urs (2.8 days)
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In-111 is particularly useful fo r 'labelling' certain cells, such as:

Red blo o d cells and platelets (to  identify issues in the blo o d)

White blo o d cells, bo ne marro w and spinal fluid (to  lo cate inflammatio n o r infectio n)

Tumo urs (to  allo w precise cancer detectio n)

This makes it useful fo r diagno sing blo o d diseases o r rare cancers

Comparing Radioact ive Tracers

Different tracers are used fo r different purpo ses, but the essential pro perties o f a tracer are:

It must be a gamma emitter so  that the radiatio n can be detected o utside the bo dy

The gamma rays must be as lo w-energy  as po ssible to  reduce the risks o f io nisatio n damage

It must have a half -lif e  which is sho rt  eno ugh to  reduce the to tal do se given to  the patient

but pro duces a high eno ugh gamma intensity to  be detected

Technetium-99m Io dine-131 Indium-111

types o f radiatio n

emitted
γ o nly β , γ γ o nly

half-life 6 ho urs 8 days 68 ho urs

energy o f gamma

pho to ns
140 keV 360 keV 170 keV & 250 keV

co mmo n uses

to  investigate mo st

o rgans, blo o d and

tumo urs

to  treat o veractive

thyro ids o r thyro id

cancer

to  label cells and

diagno se blo o d

diso rders and rare

cancers

Exam T ip

While all these tracers emit gamma radiatio n, it is their chemical pro perties that make them

appro priate fo r different scenario s. Different tracers label different radio pharmaceuticals which

have an affinity fo r different o rgans.

−
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10.6.2 The Molybdenum-Technetium Generator

The Molybdenum-Technetium Generator

A mo lybdenum–technetium generato r is a device that pro duces technetium fro m mo lybdenum

Technetium-99m (Tc-99) has a half-life o f 6.0 ho urs

This allo ws it to  be used as a tracer with lo w irradiatio n o f the patient, thanks to  the sho rt half-

life

The sho rt half-life, ho wever, means it must be pro duced in the ho spital when needed, as it

canno t maintain the required levels o f radio activity fo r lo ng perio ds o f time

Mo lybdenum-99 (Mo -99) has a half-life o f 66 ho urs  (2.8 days)

It is pro duced in nuclear reacto rs, and due to  its slightly lo nger half-life, it can be transpo rted

to  ho spitals every week

Once Mo -99 arrives at a ho spital, it can be placed in a mo lybdenum-technetium generato r to

pro duce Tc-99m

In the generato r, Mo -99 decays o ver the co urse o f a few days, pro ducing Tc-99m fo r up to  a

week

Tc-99m is extracted fro m the generato r every few days by passing a saline so lutio n o ver the

radio active materials

Tc-99m enters the so lutio n, which can then be extracted and injected into  patients ready fo r

scanning
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Worked example

A medic suggests that the mo lybdenum-technetium generato r sho uld be kept at the nuclear

po wer statio n and Tc-99m sho uld just be shipped into  the ho spital. 

It is a 12 ho ur jo urney fo r a truck fro m the nearest nuclear po wer statio n.

Calculate the percentage o f Tc-99m lo st in the pro cess o f supplying the ho spital with 1 kg o f Tc-

99m.

The half-life o f Tc-99m is 6.0 ho urs.

Answer:

Step 1: Determine the number o f  half -lives that pass during the jo urney

The jo urney is 12 ho urs lo ng

Two  half-lives pass o ver the co urse o f the jo urney

Step 2: Determine the initial mass o f  Tc-99m

Mass has halved twice to  reach 1 kg

Initial mass was 4 kg

Step 3: Determine the percentage o f  Tc-99m lo st

3 kg o f Tc-99m was lo st

This is 75%  o f the initial mass

Exam T ip

Yo u do n't need to  kno w the ins-and-o uts o f the mo lybdenum-technetium generato r, but expect

to  co me acro ss questio ns regarding the half-lives o f each radio iso to pe and why the generato r

is required.
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10.6.3 The PET Scanner

Positron Emission Tomography

Po sitro n Emissio n To mo graphy (PET) is de�ned as:

A type o f  nuclear medical pro cedure that images tissues and o rgans by measuring

the metabo lic activity o f  the cells o f  bo dy tissues

In PET scanning, a beta-plus emitting radio active tracer is used in o rder to  stimulate po sitro n-

electro n annihilatio n to  pro duce gamma pho to ns

These are then detected using a ring o f gamma cameras

Principles of PET  Scanning

Bef ore t he scan

The patient is injected with a beta-plus emitting iso to pe, usually �uo rine-18 (F-18)

During t he scan

The part o f the bo dy being studied is surro unded by a ring o f gamma cameras

The po sitro ns fro m the F-18 nuclei annihilate with electro ns in the patient

The annihilatio n o f a po sitro n and an electro n pro duces two  identical gamma pho to ns travelling

in o ppo site directio ns

The delay time  between these two  gamma-ray pho to ns is used to  determine the lo catio n o f the

annihilatio n due to  the F-18 tracer

Pho to ns that do  no t arrive within a nano seco nd o f each o ther are igno red since they canno t have

co me fro m the same po int

Af t er t he scan

The signals fro m the gamma camera detecto rs are sent to  a co mputer which builds up an image

A PET  Scanner
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Detecting gamma rays with a PET scanner

Annihilat ion

Annihilatio n can happen between any particle and antimatter co unterpart, but in PET scanning, o nly

the electro n and po sitro n interactio n is co nsidered

When a po sitro n is emitted fro m a tracer in the bo dy, it travels less than a millimetre befo re

annihilating with an ato mic electro n

As with all co llisio ns, mass, energy and mo mentum are always co nserved

An Elect ron-Posit ron Annihilat ion

Page 8 of 22
For more help visit our website www.exampaperspractice.co.uk



Annihilation of a positron and electron to form two gamma-ray photons

The gamma-ray pho to ns pro duced each have an energy o f 512 keV

This is the same each time as determined by the mass-energy equivalence o f the po sitro n-

electro n pair

The energy o f each pho to n is given by

E = hf = mec
2

Where:

me  = mass o f the electro n o r po sitro n (kg)

h  = Planck's co nstant (J s)

f  = frequency o f the pho to n (Hz )

c  = the speed o f light in a vacuum (m s )

Diagnosis Using PET  Scanning

The signals pro duced by the pho to multiplier tubes are used to  pro duce an image

The γ rays travel in straight lines in o ppo site directio ns when fo rmed fro m the annihilatio n o f the

po sitro n and electro n

This happens in o rder to  co nserve mo mentum

They hit the detecto rs in a line – kno wn as the line o f  respo nse

The tracers will emit lo ts o f γ rays simultaneo usly, and the co mputers will use this info rmatio n to

create an image

The mo re pho to ns fro m a particular po int, the mo re tracer that is present in the tissue being

studied, and this will appear as a bright po int o n the image

An image o f the tracer co ncentratio n in the tissue can be created by pro cessing the arrival

times  o f the gamma-ray pho to ns

Annihilat ion in t he PET  Scanner

–1
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Annihilation of a positron and an electron is the basis of PET Scanning
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Once the tracer is intro duced to  the bo dy it has a sho rt half-life, so , it begins emitting po sitro ns 

( )β+  immediately

This allo ws fo r a sho rt expo sure time to  the radiatio n

A sho rt half-life do es mean the patient needs to  be scanned quickly and no t all ho spitals

have access to  expensive PET scanners

(a)

(b)

(c)

Worked example

Fluo rine-18 decays by β+ emissio n. The po sitro n emitted co llides with an electro n and annihilates

pro ducing two  γ-rays.

Calculate the to tal energy released when a po sitro n and an electro n annihilate.

Sho w that each gamma ray has an energy o f 512 keV.

Calculate the frequency o f the gamma rays.

Answer:

Part (a)

Step 1: Write do wn the kno wn quantities

Mass o f an electro n = mass o f a po sitro n, me  = 9.11 × 10  kg

To tal mass = mass o f the electro n and po sitro n = 2me
Speed o f light, c  = 3.00 × 10  m s

Step 2: Write o ut the equatio n f o r mass-energy equivalence

E = mec
2

Step 3: Substitute in values and calculate energy E

E = 2× ( )9 .11×10−31 × ( )3 .00×108 2 = 1 .64×10−13 J

Part (b)

Step 1: Determine the energy o f  o ne pho to n

Planck's co nstant, h = 6.63 × 10  J s

Two  pho to ns are pro duced, so , the energy o f o ne pho to n is equal to  half o f the to tal energy

fro m part (a):

E =
1 .64×10−13

2 = 8 .2×10−14 J

No te: if yo u keep the exact value fo r energy in yo ur calculato r, yo u wo uld have E = 8.199 × 10

J

Step 2: Co nvert the energy in J into  eV:

1 eV = 1.6 × 10  J

–31

8 –1

−34

–14

−19
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E =
8 .199×10−14

1 .6×10−19
= 512 438 eV = 512 keV

Part (c)

Step 1: Write o ut the equatio n f o r the energy o f  a pho to n

E = hf

Step 2: Rearrange f o r f requency f and calculate

f =
E
h =

8 .2 × 10−14

6 .63 × 10−34
= 1 .2 × 1020 Hz
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10.6.4 Physical, Biological & E�ective Half Life

Physical, Biological & E�ective Half Life

In a medical co ntext, multiple half-life de�nitio ns must be co nsidered

The radio nuclides intro duced have a half-life, but the radio pharmaceuticals (mo lecules with

radio nuclides attached) are also  remo ved fro m the bo dy by natural pro cesses o ver time 

The physical half-life TP  o f a radio iso to pe is de�ned as

T he time taken f o r the number o f  radio active nuclei to  halve

This is the same as the half-life o f a radio active nuclide, which is a co nstant quantity fo r a given

nuclide

The bio lo gical half-life TB  o f a substance is de�ned as:

T he time taken f o r the co ncentratio n o f  a substance in the bo dy to  decrease by half

This acco unts fo r the pro cesses o f remo ving drugs fro m the system thro ugh excretio n and

respiratio n

This depends o n many facto rs, such as the health and metabo lism o f the patient

E�ective half-life TE  is the co mbined half-life o f physical and bio lo gical half-life

This acco unts fo r radio active pro cesses and bio lo gical excretio n

E�ective half-life is given by the equatio n:

1
TE

=
1
TP

+
1
TB

E�ective half-life TE  is always sho rter than the sho rtest half-life o ut o f TP and TB
If the physical half-life is sho rt, the e�ective half-life is even sho rter

This is because the bo dy is also  excreting the chemical to  which the radio nuclide is attached

If the bio lo gical half-life is sho rt, the e�ective half-life is even sho rter

This is because the radio nuclide is also  decaying while the bo dy is excreting the

radio pharmaceutical at this fast rate
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Worked example

A medical physicist is reading up o n her health and safety do cumentatio n fo r io dine-131 befo re

administering it fo r thyro id treatment.

Acco rding to  the do cument, I-131 has a bio lo gical half-life o f 138 days and a physical half-life o f

8.05 days.

Calculate the e�ective half-life. 

Answer:

Step 1: Find the equatio n f o r e�ective half -lif e o n the data sheet

1
TE

=
1
TP

+
1
TB

Step 2: Substitute the kno wn half -lives into  this equatio n

1
TE

=
1

8 .05 +
1
138 = 0 .1315

Step 3: Rearrange f o r the e�ective half -lif e

TE =
1

0 .1315 = 7 .60 days

Exam T ip

Remember when checking yo ur answer: the e�ective half-life sho uld always be the sho rtest o f

the three half-lives. If it isn't then yo u need to  repeat the calculatio n.
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10.6.5 Gamma Camera

Gamma Camera

The pro gress o f a medical tracer aro und the bo dy can be detected using a gamma camera

Images o btained by a gamma camera can be used fo r diagno sing issues in speci�c o rgans

A gamma camera is co mprised o f f o ur majo r co mpo nents:

Co llimato r

Scintillato r

Pho to multiplier tubes

Co mputer and display

St ruct ure of  t he Gamma Camera

A gamma camera detects the gamma rays emitted by a radioactive tracer in the body using a large

scintillator crystal connected to an array of photomultipliers

Collimat or

Images o f slices o f the bo dy can be taken to  sho w the po sitio n o f the gamma-emitting

radio active tracers

Once injected with a tracer, the patient lays statio nary in a tube surro unded by a ring o f detecto rs

When gamma rays are emitted, they are abso rbed by thin lead tubes kno wn as co llimato rs

Co llimato rs are the key to  pro ducing the sharpest  and highest reso lutio n images 

Only pho to ns mo ving parallel to  the co llimato r will be abso rbed, this impro ves the sharpness

o f the image as scattered pho to ns are excluded

The narro wer and lo nger the co llimato rs, the mo re gamma rays that are abso rbed and hence,

the mo re electro ns that will be pro duced

This impro ves the image quality as mo re electro ns co ntributing to  the electrical pulse o utput

will increase the reso lutio n o f the image

T he Collimat or

Page 15 of 22
For more help visit our website www.exampaperspractice.co.uk



The collimator ensures high resolution images are produced by only allowing photons travelling parallel to

the lead plates to pass through

Scint illat or

When the gamma-ray (γ-ray) pho to n is incident o n a crystal scintillato r, an electro n in the crystal is

excited to  a higher energy state

As the excited electro n travels thro ugh the crystal, it excites mo re electro ns

When the excited electro ns mo ve back do wn to  their o riginal state, the lo st energy is

transmitted as visible light pho to ns

T he Scint illat or

The scintillator crystal converts the energy from gamma photons into visible light photons

Phot omult iplier Tubes

The pho to ns pro duced by the scintillato r are very faint

Hence, they need to  be co nverted to  an electrical signal and ampli�ed by a pho to multiplier tube

When pho to ns fro m the scintillato r reach the pho to multiplier, electro ns are released fro m a

pho to catho de

The liberated electro ns accelerate thro ugh a series o f dyno des, each at a pro gressively higher

po tential di�erence, befo re reaching an ano de at the end o f the tube

Energy gained by the acceleratio n o f the electro ns triggers the release o f mo re electro ns  at

each dyno de, resulting in a stro nger electrical signal 
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A phot omult iplier t ube

A photomultiplier detects the faint �ashes of light from the scintillator, converts them into voltage pulses

and ampli�es the signals

Image Format ion on a Comput er

The signals pro duced by the pho to multiplier tubes are used to  pro duce an image using the

electrical signals fro m the detecto rs

The tracers will emit lo ts o f γ rays simultaneo usly, and the co mputers will use this info rmatio n to

create an image

The mo re pho to ns fro m a particular po int, the mo re tracer that is present in the tissue being

studied, and this will appear as a bright po int o n the image

An image o f the tracer co ncentratio n in the tissue can be created by pro cessing the arrival

times  o f the gamma-ray pho to ns
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10.6.6 Radiotherapy

Use of High Energy X-rays

Cancero us cells divide mo re frequently than healthy cells

As a result o f this, X-rays destro y cancer cells at a greater rate  than they destro y healthy cells

Di�erent energies o f X-rays are used fo r treating cancer in di�erent areas o f the bo dy

Lo wer-energy X-rays are used fo r treating skin cancer

Higher energy X-rays are used fo r targeting tumo urs deeper in the bo dy

External treatment using low-energy X-rays

Lo w-energy X-rays can be used to  treat skin cancer

These X-rays can be directed at surface tumo urs, but they do  no t penetrate deep into  the bo dy

Therefo re, the risk o f damage to  deeper tissues is reduced

External treatment using high-energy X-rays

To  treat a tumo ur deep inside the bo dy, high-energy X-rays can be directed at the tumo ur fro m an

external so urce

This is kno wn as external beam radio therapy  (EBRT)

When cells divide, they are sensitive to  X-ray radiatio n

In EBRT, X-rays fro m an external so urce destro y cancer cells during divisio n

Limiting Exposure to Healthy Cells

During high-energy X-ray radio therapy, the risk to  healthy tissue is reduced by:

Using metal �lters  to  remo ve lo w-energy X-rays

Directing the X-rays fro m di�erent directio ns

Using met al �lt ers limit s exposure because...

During the EBRT pro cess, which lasts a few minutes, the patient is held in a made-to -�t mo uld

made fro m aluminium to  ensure they do  no t mo ve

This ensures that o nly the target tissue receives the radiatio n do se

When X-rays are pro duced, they are emitted with a wide range o f energies

Filtering the beam thro ugh an aluminium sheet ensures that the lo w-energy X-rays are remo ved

The less energetic  X-rays are likely to  damage tissues clo se to  the surface

This means that o nly the mo re energetic  X-rays reach the tumo ur deep inside the bo dy

Using X-rays f rom di�erent  direct ions limit s exposure because...

The beam o f X-rays can be precisely co ntro lled to  minimise damage to  healthy tissue

The beam o f X-rays is shaped to  match the exact dimensio ns o f the tumo ur (called

co nf o rmal radio therapy)

X-rays are pro duced in a linear accelerato r (LINAC) by accelerating electro ns to wards a heavy

metal target
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This LINAC so urce can be ro tated aro und the patient

The target tissue is placed at the centre o f ro tatio n and therefo re receives a much greater

do se o f radiatio n than the surro unding healthy tissue

Rot at ing X-Ray Source

The source of high energy X-rays rotates around the target, ensuring the targeted area receives a much

larger dose of radiation than the surrounding healthy tissues
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Use of Radioactive Implants

Internal radio therapy is when a radio active implant  is placed next to , o r into  the tumo ur itself

This implant co nsists o f metal 'seeds' co ntaining radio iso to pes which irradiate the tumo ur

and a small radius o f tissue aro und it

The main advantage o f internal radio therapy is that the so urce o f radiatio n can be placed as

clo se to  the cancer as po ssible

Ho wever, the main disadvantage is that a small amo unt o f healthy tissue is likely to  be expo sed to

io nising radiatio n

What type of radioisotope should be used in an implant?

The radio iso to pe used in an implant sho uld:

Have a sho rt half-life (as lo ng as the activity is also  high)

Have a sho rt range (as lo ng as it can pass thro ugh the implant casing)

Be highly io nising

The radiatio n must no t penetrate far fro m the implant site to  avo id irradiating healthy tissue

further fro m the tumo ur

This is why beta radiatio n is the mo st co mmo n cho ice, as it can penetrate the seed's metal

casing, but do es no t penetrate further than a few mm beyo nd the implant site

Alternatively, lo w-energy gamma rays can be used, as they are less penetrating than high-

energy gamma

Alpha radiatio n is no t appro priate fo r this fo rm o f radio therapy

The alpha particles wo uld be unable to  penetrate the metal casing o f the seeds

Even if they were able to , they wo uld o nly heavily io nise the tissue near the seed

As a result, the seeds wo uld be harming healthy tissue rather than irradiating cancero us tissue

Additio nally, the alpha particles co uld no t penetrate the who le way thro ugh the tumo ur

Worked example

Suggest why EBRT is mo re appro priate fo r treating a tumo ur in the brain than using a radio active

implant.

Answer:

Step 1: Co nsider the do wnsides o f  the implant

Radio active implants must be mechanically placed inside the bo dy

The skull and fragile structure o f the brain wo uld make this highly challenging

Any radiatio n a�ecting healthy tissue co uld impair brain functio n

Step 2: Co nsider the bene�ts o f  EBRT

The largest do se o f radiatio n is lo calised to  the tumo ur

No  surgery is required to  irradiate the tumo ur

The beam can be shaped to  �t the exact dimensio ns o f the tumo ur

Exam T ip

The reaso n there are so  many metho ds fo r remo ving cancero us tissue is that it can appear in

almo st any part o f the bo dy, and di�erent metho ds wo rk better fo r di�erent situatio ns.

It's yo ur jo b to  kno w each metho d well eno ugh to  be able to  suggest an appro priate o ne, if

presented with a new situatio n in yo ur exam.
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10.6.7 Comparing Imaging Techniques

Comparing Imaging Techniques

All imaging techniques are bene�cial in their o wn co ntext, but o ften the po sitive o utco mes o f the

scan must be balanced against the po tential risks

The scan must have a level o f reso lutio n high eno ugh to  image the target clearly, while minimising

risk

Perfo rming an X-ray scan o n a fo etus is to o  risky, when o ther types o f scans pro vide a go o d

eno ugh reso lutio n

Ho wever, when identifying a po tential tumo ur, reso lutio n must be high and the risks

asso ciated with the scan are much smaller than the risks asso ciated with no t catching cancer

in its early stages

A t able of  advant age, disadvant age and resolut ion of  each met hod

Imaging

Metho d
Advantage  Disadvantage

Reso lutio n

(mm) 

CT Scan

Sho w di�erent tissue types

High reso lutio n

Expensive

Large radiatio n do se
0.5

External X-rays

Cheap, fast and easy o peratio n

High reso lutio n

Canno t distinguish di�erent

tissues

Canno t image so me o rgans

0.5

MRI

Distinguish types o f tissue

No  radiatio n risk

Expensive and time-co nsuming

Unco mfo rtable fo r so me

patients

1

PET

Sho ws the functio n o f o rgans

Go o d fo r imaging the brain

Expensive and time-co nsuming

Do es no t wo rk fo r every o rgan
1

Ultraso und

No  radiatio n danger

Safe fo r use o n a fo etus

Canno t sho w certain o rgans (e.g.

brain)

Lo wer reso lutio n, hard to

o perate

2

Ingested Sho ws functio n o f o rgans Lo west reso lutio n 6

gamma so urce Relatively simple to  use Radiatio n risk asso ciated
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Worked example

Three patients visit a ho spital. Patient 1 has a lo wer-bo dy injury, patient 2 has a suspected tumo ur

in their lung and patient 3 is suspected to  have a hyperactive thyro id.

The ho spital has the fo llo wing facilities:

Ultraso und imaging

Gamma so urces fo r ingestio n

External X-ray imaging

CT scanner

Fo r each patient, select an appro priate imaging metho d, explaining why this metho d is

appro priate while the o thers are no t.

Answer:

Patient 1 (lo wer bo dy injury)

Step 1: Select an appro priate imaging metho d, explaining yo ur answer

External X-ray imaging is mo st appro priate

Step 2: Co mpare this metho d to  alternative imaging metho ds

This is quick and easy and sho ws po tential bo ne damage in the injury

Whereas a CT scan has a higher radiatio n do se and an image that detailed is unnecessary

Real-time scanning is no t needed, so  an ultraso und wo uld be inappro priate

The functio n o f o rgans is no t needed, so  gamma imaging wo uld be inappro priate

Patient 2 (lung tumo ur)

Step 1: Select an appro priate imaging metho d

A CT scan is best fo r this patient

Step 2: Co mpare this metho d to  alternative imaging metho ds

This highlights cancer tissue against healthy tissue

Cro ss sectio ns thro ugho ut the lungs can sho w all po tential tumo ur lo catio ns

Ultraso und is abso rbed by air in the lungs and the detail is no t great eno ugh

X-ray scanning may no t di�erentiate tissues and the ribcage may o bscure the view o f a

tumo ur

An ingested gamma so urce may no t pro vide a detailed eno ugh image

Patient 3 (hyperactive thyro id)

Step 1: Select an appro priate imaging metho d

An ingested gamma so urce

Step 2: Co mpare this metho d to  alternative imaging metho ds

This sho ws the functio n o f tissues and therefo re if the thyro id is perfo rming at a higher than

no rmal rate

Ultraso und, X-ray and CT scans sho w structures and tissues but no t the level o f their functio n

Exam T ip

Yo u will o nly be asked to  co mpare image reso lutio n, co nvenience and safety issues. Make sure

yo u use clear co mparative language in these answers.
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